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Schaefer et al, Acquiring fatigue crack growth curves for micro-bending beams 
 

Acquiring in situ fatigue crack growth curves by a compliance method for  

micro-bending beams to reveal the interaction of micro-cracks with grain 

boundaries 

Florian Schaefer, Patrick Gruenewald, Jonas Rauber,  Michael Marx, Christian Motz   

all authors: Materials Science and Methods, Saarland University, Saarbruecken, Germany 

Email: f.schaefer@matsci.uni-sb.de 

 

Abstract  To understand the interaction of dislocations with microstructural obstacles it is 
necessary to find test methodologies which are able to resolve the interaction of single or few 
defects with obstacles like interfaces. Therefore, the investigation of micro specimens has been 
established over the years as a suitable method to test the influence of microstructural features 
on the mechanical response. While quasi-static loading of micro specimens has been carried 
out extensively in the past decade and gave powerful insights on the mechanical behaviour at 
small scales, cyclic loading and fatigue crack experiments still provide a challenge.  

In order to check the possibility to systematically initiate and monitor fatigue crack growth 
rates in micro specimens, we cyclically loaded micro bending beams made of a nickelbase 
superalloy. Furthermore, for grain boundaries of differing type we checked if the crack growth 
curves are suitable to measure crack-microstructure interactions. The fatigue cracks showed a 
deceleration when approaching the grain boundaries followed by an abrupt acceleration, which 
is in accordance to macroscopic experiments and connected to dislocation or slip transfer from 
the plastic zone of the crack through the grain boundary. Furthermore, we observed a 
dependency of the deceleration on the grain boundary type and elastic anisotropy. A 3D-HR- 
orientation gradient map was gathered by HR-EBSD using the software CrossCourt in 
combination with a self-provided MATLAB tool to reveal detailed information about strain 
localization at the grain boundary in the process zone near the crack tip.  

 

Figure 1 
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  Zhukov et al, Non-destructive monitoring 
 

Non-destructive  composites monitoring through the magnetic 

microwire  inclusions  

A. Zhukov1,2,3, A. Allue4, P. Corte-León1, K. Gondra2, M. Ipatov1,2, J. M. Blanco2 and V. 
Zhukova1,2 

1Dpto. Fisica de Materiales, Fac. Quimicas, UPV/EHU, 20018 San Sebastian, Spain 
2Dpto. de Fisica Aplicada, EUPDS, UPV/EHU, 20018, San Sebastian, Spain 

3IKERBASQUE, Basque Foundation for Science, 48011 Bilbao, Spain 

4Gaiker Technological Centre, 48170, Zamudio, Spain 

Real time non-destructive monitoring of stresses and temperature is one of the 
prospective technologies in the field of smart composites. Thin glass-coated amorphous 
microwires prepared using the Taylor-Ulitovsky method consisting of metallic nucleus 
diameters of 0.5-40 

,
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  V. Zhukova et al, Stress-sensitive microwire 
 

Development of stress-sensitive magnetic microwires for magnetoelastic 

sensors 

V. Zhukova1,2, P. Corte-Leon1,2, M. Ipatov 1,2, J.M. Blanco2, M. Churyukanova 3 and A. 
Zhukov 1,2,4 

1Dept. Phys. of Materials, Basque Country University, UPV/EHU, San Sebastian, Spain, 
arkadi.joukov@ehu.es. 

2Dpto. de Física Aplicada, EUPDS, UPV/EHU, 20018, San Sebastian, Spain 
3National University of Science and Technology «MISIS», Moscow, 119049, Russia 

4IKERBASQUE, Basque Foundation for Science, 48011 Bilbao, Spain 

Development of magnetic sensors is focused on the miniaturization of their size, 
improvement of their features and on finding of new materials. Among new magnetic 
materials a family of thin wire with reduced dimensions recently gained considerable 
attention [1]. Glass-coated magnetic microwires prepared using the Taylor-Ulitovsky 

,

#008 8



Sunil Bhat, Crack tip energy release rate in welded bi-material  

 Analytical model for estimation of energy release rate at mode I crack tip 
in bi-material of identical steels joined by an over-matched weld interlayer 

 
Sunil Bhat  

 
Department of Mechanical Engineering, SET, Jain University, Bangalore, India-562112 

snlbhat@rediffmail.com  

  Structure fabricated by welding identical steels or a fractured steel component repaired by 
steel weld filler of different strength leads to the presence of two interfaces with strength 
mismatch across them, one interface between parent steel and weld and the other between 
weld and back up steel. Mode I crack in such a bi-material upon growing across the weld 
interlayer experiences the effect of the interfaces that manifests by way of change in crack tip 
energy release rate, tipJ , from the far field value, Japplied. The paper presents a strain based 
analytical model for estimation of Jinterface and thereby tipJ  at all the positions of the crack 
under SSY or K dominant conditions. Results of mode I crack in front of a single strength 
mismatched interface have been reported earlier. Sequential effect of two interfaces over the 
crack tip is taken up in the present work. The weld interlayer is assumed to be homogeneous 
and over-matched which possesses higher strength than that of the constituent steels. The 
modulus of elasticity is same throughout the domain. Edge crack of various discrete lengths, c, 
is investigated in infinite body under uniform monotonic tension of 150 MPa in plane stress 
situation for demonstration of the model behavior. Influence of weld thickness over tipJ  is 
also examined.  
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  Main author et al, Short title if too long 
 

A review of present status and challenges of using additive manufacturing 

technology for offshore wind applications. 

A. Ermakova1, A. Mehmanparast1, S. Ganguly2 

1 Offshore Renewable Energy Engineering Centre, Cranfield University, UK 
2 Welding Engineering & Laser Processing Centre, Cranfield University, UK 

 

 

Abstract   

 

Offshore wind is an efficient sustainable source of energy, which is a preferable alternative 
to burning fossil fuels in the United Kingdom and Europe. About 85% of existing offshore wind 
turbines have a monopile foundation, which are made of large welded plates. The residual 
stresses locked in a monopile structure have a great impact on its fatigue life. The new emerged 
technology of additive manufacturing (AM), which is widely used in other industries such as 
aerospace and automotive, has potential to significantly improve a lifespan of the structure by 
managing the residual stress fields and microstructure in the future monopiles, and moreover 
reduce the manufacturing cost. New materials that are used for additive manufacturing parts 
fabrication and their behaviour in harsh marine environmental and operational loading 
conditions needs to be understood. Also purely welding fabrication technique employed during 
AM process is likely to significantly affect crack growth behaviour in air as well as in seawater. 
This paper presents a review of additive manufacturing technology and suitable techniques for 
offshore structures. Existing literature that reports current data on fracture toughness and fatigue 
crack growth tests conducted on AM parts is summarised and analysed, highlighting different 
steel grades and applications, with the view to illustrating the requirements for the new 
optimised functionally graded structures in offshore wind built by means of AM technique. 

 

,

#010 10



   B.Boukert et al, Hygrothermal sterss 
 

Hygrothermal stresses Analysis of Thick Composite Plates Using High 
Order Theory under a Fick Concentration Distribution 

 

B.Boukert 1, A.Benkhedda 1, E.B Adda 2, M.Khodjet Kesba 1  
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M. Kepka et al - Fatigue life of a bus structure   

Fatigue life of a bus structure in normal operation and in accelerated 
testing on special tracks  

  
  

 Miloslav Kepka1, Miloslav Kepka Jr.1, Jaroslav Václavík2 , Jan Chvojan2 
  

1University of West Bohemia, Univerzitni 8, 306 14 Pilsen, Czech Rep., kepkam@rti.zcu.cz  
2Research and Testing Institute, Tylova 46, 301 00 Pilsen, Czech Rep., vaclavik@vzuplzen.cz  

  
  

Abstract Over the last twenty years, the Research and Testing Institute in Pilsen has been 
developing a methodology of computational and experimental investigation of strength 
and fatigue life of bodies of road vehicles for mass passenger transport. A summary of this 
methodology has already been presented, e.g. in (Kepka-

,
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Numerical analysis of time-dependent deformation effects on preload relaxation 

behavior of offshore wind turbine bolted connections  

A. Mehmanparast1 

1 Offshore Renewable Energy Engineering Centre, Cranfield University, UK  

 

Abstract   

Offshore wind is a reliable source of clean energy which is becoming a preferred solution 
for meeting the electricity demand in Europe and worldwide. The majority of operating 
offshore wind turbines are supported by monopile type foundations which consist of 
cylindrical welded cans typically made of structural steel plates. In a considerable number of 
recent generations of offshore wind farms, the monopile foundations are attached to a 
transition piece using bolted flange connections. One of the major structural integrity issues 
associated with these connections, is the short-term and long-term preload relaxation in 
individual bolts and nuts during operation which requires frequent inspections to ensure that a 
minimum allowable preload level is maintained in each bolt. One of the key mechanisms 
which can significantly influence the short-term relaxation of offshore wind turbine bolted 
connections is the time-dependent elongation of the bolt and nut materials under a constant 
load, which is referred to as room temperature creep deformation. A numerical investigation 
has been performed in the present study to examine the effects of room temperature creep 
deformation on short-term preload loss in M72 bolted connections. The results from this 
study show that although creep is usually neglected at low temperatures, at preload levels 
close to the yield stress of the bolt material relatively large levels of creep deformation may 
occur which subsequently reduce the remaining preload in bolted connections. Therefore, 
recommendations have been made to consider room temperature creep properties in analysis 
of preload loss in monopile to transition piece bolted flange connections. Finally, a sensitivity 
analysis has been carried out to investigate the influence of creep properties on the extent of 
preload loss in M72 bolted connections.  

 

,
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Frankl et al, Finite Element Failure Models for Steel Cable-Reinforces Rubber Composites  

 

Finite Element Models Describing the Failure in Steel Cable-Reinforced 
Rubber Composites 

Siegfried M. Frankl 1, Martin Pletz 1, Alfred Wondracek2, Clara Schuecker1 

1Designing Plastics and Composite Materials, Department of Polymer Engineering and 
Science, Montanuniversitaet Leoben, Austria  

2Semperit Technische Produkte Ges.m.b.H., Wimpassing, Austria 

Abstract  Steel-cable reinforced rubber composites are used in a variety of applications such 
as tires and conveyor belts. Whereas the rubber matrix allows for big deformations of those 
composites, the steel cables provide stiffness in certain directions. Those cables consist of 
spiral (twisted) strands, which has two consequences: The ratio between tensile and bending 
stiffness is much higher than in a solid rod, and they feature a tension/torsion coupling, i.e. 
when not constrained, a tensile load also causes a twisting deformation. These effects make 
the failure of such composites very complex, and it is very hard to predict failure loads and 
locations in certain steel-cable reinforced rubber composite. 
To study this complicated failure behaviour, simple test specimens with three cables (see 
Fig. 1) were used, where failure occurs in the cable/rubber interface and/or as crack 
propagation in the rubber. This failure is similar to failure modes observed in real realistic 
steel-cable reinforced rubber components. 
For classical composites, the Finite Element Method (FEM) provides a well-established tool 
for calculating deformations and predicting failure. This work attempts to model the 
deformations and predict the failure in steel cable-reinforced rubber composites in a similar 
way. However, modelling of the hyperelastic behaviour of such composites is a big challenge 
due to the huge stiffness difference of the two constituents since minor deformations of cables 
such as coupling effects can significantly change the stress state in the rubber. Predicting the 
failure behaviour of cable-rubber composites is an even bigger challenge, because an accurate 
description of the composite

,
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Joseph et al, Mechanical metamaterials for improved crashworthiness 
 

ENERGY ABSORPTION CAPABILITIES OF PERIODIC CELLULAR 

MECHANICAL METAMATERIAL S FOR IMPROVED 

CRASHWORTHINESS 

Belinda Babu Joseph1, Giuseppe Catalanotti1, Zafer Kazanc
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J. Kleiman, RSM: An Indispensable Tool   

Residual Stress Management - RSM: An Indispensable Tool in Structural 
Integrity  

 

J. Kleiman  
 

 Structural Integrity Technologies (Sintec) Inc., 80 Esna Park Drive, Units 7-9,  Markham, 
Ontario, L3R 2R7, Canada,   E-mail: jkleiman@sintec.ca 

 

Abstract Residual stresses introduced before, during or after welding and other operations 
like machining, forging, rolling, surface treatments, casting, heat treatment, etc., may change 
considerably the engineering properties of materials and structural components by affecting 
their structural integrity through a decrease in their fatigue life, introduction of distortions, 
reducing the dimensional stability, decreasing corrosion resistance, etc. They play an 
exceptionally significant role in fatigue of welded elements.   

The concept of residual stress management therefore is becoming an indispensable tool in 
fully understanding the effects of residual stresses by addressing major aspects of residual 
stresses in welds, and in welded and assembled structures [1, 2]. According to the concept 
three major stages, i.e. RS determination, RS analysis and RS redistribution are considered 
and evaluated, either experimentally or theoretically to achieve the optimum structural 
integrity and performance.  

   The sound structural integrity of parts and components benefits directly from the RSM 
concept at all stages of welding and other processes. This presentation will provide an 
overview on the advancements made in addressing the development of instrumentation for 
providing solutions in the major stages of the RSM concept. Examples of industrial 
applications of the developed engineering tools for residual stress analysis and fatigue life 
improvement of welded elements and structures are given.  

Keywords:  Structural integrity, residual stresses, ultrasonic method, non-destructive 
measurement, underwater ultrasonic peening, UltraMARS®-7, UltraPeen® 

 
1. J. Kleiman, Increasing Fatigue Life in Marine Structures through Effective Residual 

Stress Management, Shipbuilding Technology Forum, Ottawa, Canada, 1 March, 
2018; 

2. J. Kleiman and Y. Kudryavtsev, Residual Stress Management in Welding: Residual 
Stress Measurement and Improvement Treatments, 10th International Conference on 
Residual Stresses, (ICRS-10), 3-7 July, 2016, Sydney, Australia. 
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J. Kleiman et al, Measurements of Stresses by Ultrasound Method 
 

Latest developments in nondestructive testing of residual stresses in welded 
structures by ultrasonic method 

 

J. Kleiman1 and Y. Kudryavtsev2 
 

1 Structural Integrity Technologies (Sintec) Inc., 80 Esna Park Drive, Units 7-9,  Markham, 
Ontario, L3R 2R7, Canada,   E-mail: jkleiman@sintec.ca 

2  Structural Integrity Technologies (Sintec) Inc., 80 Esna Park Drive, Units 7-9,  Markham, 
Ontario, L3R 2R7, Canada,   E-mail: ykudryavtsev@sintec.ca 

Abstract Using the well-developed acousto-elastic theory of interaction of acoustic waves 
with materials and the existing linear relationships between the dependence of acoustic wave 
propagation in materials on stresses, a portable system for non-destructive measurements of 
residual stresses, the Yong Modulus, Poisson Ratio and thickness was developed and used 
successfully in numerous applications [1,2]. The system includes a measurement unit with 
transducers and basic supporting software. The developed system allows measuring the RS 
either averaged through thickness or in surface or subsurface layers, with the results displayed 
on the screen of the instrument as a continuous curve.  

The present version of the system allows measuring the averaged through thickness biaxial 
RS in parts ~ 2 - 150 mm thick as well as the surface/subsurface RS at the predetermined 
depth from hundreds of microns to a few mm in depth. Additional features of the system 
allow also measuring the Yong Modulus and Poisson ratio as well as the thickness of material. 

A number of changes were introduced recently into the software and measurement 
protocols of the system and the transducer design. The presentation will include new 
information on recent updates to the system and will present examples of stress measurements 
in large scale welded specimens and structures.   
 

Keywords: residual stresses, non-destructive measurements, ultrasonic method, 
measurement of Young Modulus and Poisson Ratio, bulk, surface, subsurface stresses 

 

                           
Figure 1 – Ultrasonic complex for non-destructive measurements of residual and applied 

stresses- UltraMARS-7 
References 

1. Y. Kudryavtsev and  J. Kleiman, Ultrasonic Measurement of Residual Stresses in 
Welded Elements and Structures, 19th World Conference on Non-Destructive Testing 
(WCNDT 2016), June 13-17, 2016, Munich, Germany. 

2. J. Kleiman, Non-destructive Measurements of Residual Stresses in Bridges Using an  
 Ultrasonic Method, ASNT Annual Conference, 28-31 October, 2018, Houston, USA 
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Tafazzolimoghaddam et al, Numerical Analysis of floating wind foundation corrosion 
fatigue  

 

Numerical analysis of pitting corrosion fatigue in floating offshore wind 

turbine foundations  

Behrooz Tafazzolimoghaddam1*, Ali Mahboob Hamedany1, Ali Mehmanparast1, 

Feargal Brennan2, Kamran Nikbin 3, Catrin Davies3   

1Centre for Renewable Energy Technology, Cranfield University, Cranfield, MK43 0AL, UK.  
2Department of Naval Architecture, Ocean and Marine Engineering, University of 

Strathclyde, Glasgow, G1 1XQ, UK. 
3Department of Mechanical Engineering, Imperial College London, South Kensington 

Campus, London, SW7 2AZ, UK. 
 

*b.tafazzoli@cranfield.ac.uk 
 

Abstract   

The mooring lines of offshore floating wind foundations, which anchor the floating 
foundations to the seabed, sustain large dynamic loads during operation. The mooring 
chains are welded to the floating foundation below the water level. The corrosive 
marine environment and the cyclic loading make the mooring point susceptible to 
corrosion pitting and fatigue crack initiation and propagation from the pits, particularly 
in the weld zones. In this study, a finite element analysis of the crack initiation and 
growth from corrosion pits has been performed and the results are presented in order 
to provide an estimate of the extent of damage during the structure
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  Feiyang He, Muhammad Khan 
 

Material Mechanics of Crack Growth in Structural Dynamics 

Feiyang Hea1, Muhammad A. Khanb, Behzad Ahmed Zaic 

aPhD Student, Cranfield University, Bedford MK43 0AL, UK 
bSenior Lecturer in Fatigue and Damage Tolerance, Through-life Engineering Services 

Institute, Cranfield University, Bedford MK43 0AL, UK 
cDepartment of Engineering Sciences, PN Engineering College, National University of 

Sciences and Technology (NUST), Pakistan 

Abstract  This review paper presents the latest research focusing on the crack propagation 
of the structures under complicated dynamic loads. The reviewed publications involve the 
variable methodologies to study the fracture mechanics of structures under the fatigue stress 
regime. Besides, the paper discusses the fatigue crack growth under different loads. The paper 
presents the research about the thermo-mechanical fatigue and fracture of the structure with 
metal, composite and polymer materials. In the end, the potential challenges and the current 
research gaps are summarised.  

 

                                                        
* Corresponding author. Tel.: +44-7851975879. 

E-mail address: feiyang.he@cranfield.ac.uk 
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 Custódio et al, Evaluation of damage in concrete from structures affected by ISR 
 

Evaluation of damage in concrete from structures affected by internal 

swelling reactions 
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Sebastian Vetter et al, Durability of Hypotrochoidal Polygon-Shaft-Hub Connections 
 

Durability  of Hypotrochoidal Polygon-Shaft-Hub Connections under 

Rotating Bending with Static Torsion 

Sebastian Vetter1,*, Erhard Leidich 1, Masoud Ziaei2, Marcus Herrmann2, 

Alexander Hasse1 

1Professorship Machine Elements and Product Development, Institute of Design Engineering 
and Drive Technology, Technische Universität Chemnitz, 09126 Chemnitz, Germany 

*corresponding author: sebastian.vetter@mb.tu-chemnitz.de 
2Professorship Machine Elements, Westsächsische Hochschule Zwickau 

Abstract  Shaft-hub connections primarily function is the transmitting of torsional 
moments. The polygon-shaft-hub connection is a type of shaft-hub connection with increasing 
importance. Compared to conventional press fits, a main advantage of this type of connection 
is the additional normal force in the contact joint due to the eccentricity of the polygonal profile. 
This results in the possibility of transmitting high static torsional moments. These static 
torsional moments are often occur with rotating bending loads in real applications. Due to that 
aspect this combined load case is of particular importance for shaft-hub connections. Therefore, 
the currently unknown high cycle fatigue strength of polygon-shaft-hub connections is 
experimentally investigated in this paper. 

Part of the investigations are hypotrochoidal polygon-shaft-hub connections with three and 
seven carriers (cf. Figure 1, left). Shaft and hub of the connection are manufactured from steel 
1045 and have an interference fit  
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A. Morassi et al., Monitoring mass changes using nanoresonator sensors 
 

Monitoring mass changes using nanoresonator sensors 

Antonino Morassi1, Michele Dilena1, 
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 M.V. Pereira et al, Fractographic features in VHCF 
 

Correlati on between fractographics aspects and stress intensity factor in 
very high cycle fatigue  

    

M.V. Pereira1, M. C. Teixeira1, F. A. Darwish2  

 
 1Department of Chemical and Materials Engineering, Catholic University of Rio de Janeiro, 

Rua Marques de São Vicente, 225, Rio de Janeiro, 22453-901, RJ, Brazil 

2Department of Civil Engineering, Fluminense Federal University, Rua Passo da Patria,156, 
Niteroi, 24210-240, RJ, Brazil 

e-mail: mclaract@gmail.com 

 

Abstract  Very high cycle fatigue (VHCF) tests carried out at high frequency make it possible 
to evaluate the behavior of materials, particularly steels, for fatigue lives exceeding 106 - 107 
cycles in relatively short time intervals compared to conventional fatigue tests. This reduction 
in the test duration is due to the ultrasonic frequencies, usually situated in the range 15 - 30 
kHz, provided by the test machines. In the VHCF regime, the fatigue crack tends to start 
internally or in subsurface from internal defects, intrinsic to the material. The evolution of 
fatigue cracks occurs in different stages: crack initiation, crack growth within the fish-eye, crack 
growth outside the fish-eye, and then final fracture. In addition, another phenomenon that may 
occur inside the fish-eye and nearby the initial defect, is known as fine granular area (FGA). 
VHCF tests of a crankshaft steel were performed at a frequency of 20 kHz and loading ratio    
of -1. The S-N curve shown below indicates an increase in fatigue life as the applied stress 
decreases. The fracture surfaces analyzed have also indicated the presence of fish-eye which 
includes an FGA region. Aspects referring to fish-eye and FGA are presented and related to 
stress intensity factor (SIF) and number of cycles to failure. 

 

Figure 1 

,
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  Chad Forrest et al, Landing Gear Monitoring 
 

Landing Gear Structural Health Monitoring (SHM)  

Chad Forrest1, Clint Forrest22, Doug Wiser32  

1ES3, Inc., 1346 Legend Hills Drive, Clearfield, Utah 84015, chad.forrest@es3inc.com 
1ES3, Inc., 1346 Legend Hills Drive, Clearfield, Utah 84015, clint.forrest@es3inc.com 
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Abstract This paper provides information on the development of a landing gear Structural 
Health Monitoring (SHM) system that provides prognostic/diagnostic HUMS capabilities 
through direct load measurement in addition to strut servicing detection algorithms. The 
system provides advanced monitoring technology via the incorporation of new sensors 
integrated into the landing gear assembly.  The direct load measurement approach is a 
paradigm shift from current methods of tracking fatigue damage of airframe landing gear 
systems and fuselage support structures, which depend on data collection of aircraft 
parameters recorded onboard at various sampling rates by SHM devices. The landing gear 
SHM provides direct loads measurement, weight/balance calculations, and the ability to 
perform Condition Based Maintenance (CBM) on the landing gear components.  

NAVAIR has currently contracted with ES3 to support the development of the landing 
gear SHM via the Small Business Innovative Research (SBIR) program, via a Phase II award 
on the N121-043 topic. The proposed solution will be directly transferable to other Navy, 
military and commercial aircraft platforms. This paper will address the following topics in the 
area of HUMS and CBM: (1) advanced landing gear sensors for direct load measurement; (2) 
data fusion of direct loads monitoring data into fatigue life assessments; (3) paradigm shifts in 
aircraft maintenance utilizing strut servicing detection algorithms; (4) system verification and 
validation; and (5) safety and maintenance benefits.   

Prior work in the field of spectrum development and usage monitoring has typically 
focused on the aircraft   structure, with assumptions translated to the landing gear components 
without any direct measurement.  The benefits of usage monitoring can also be realized for 
landing gear.   Direct loads measurement provides the ability to extend service life, remove 
components based on actual loading, improve safety, increase aircraft availability, and save 
maintenance costs with incorporation of CBM data into the maintenance practices. This paper 
advances the state-of-the-art via the miniaturization of sensors rated for the severe landing 
gear environment at a high Technological Readiness Level (TRL).  

The technological readiness of the landing gear SHM sensors has advanced, with several 
SHM sensors currently flying on aircraft for loads spectrum data collection purposes.  This 
paper varies from prior publications, in that the prior applications concentrated on fluid level 
detection for CBM purposes
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Analysis of the structural girders of a crane for the license renewal of a 

BWR nuclear power plant 

Juan Cruz-Castro1, Edgar Hernández-Palafox1, Luis Héctor Hernández-Gómez1, 
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Ruiz-López3 
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Mateos, Edificio 5, Segundo Piso, Colonia Lindavista, Alcaldía Gustavo A. Madero, C.P. 

07738, Ciudad de México. E-mail: luishector@hotmail.com 
2Instituto Politécnico Nacional. Unidad Interdisciplinaria Profesional de Ingeniería, Campus 
Hidalgo, carretera Pachuca-Actopan km 1+500, C.P. 42162, San Agustín Tlaxiaca, Hidalgo  

3Comisión Nacional de Seguridad Nuclear y Salvaguardías. Dr. José Ma. Barragán No. 779, 
Colonia Narvarte. Del. Benito Juárez, C. P. 03020, Ciudad de México 

 

Abstract This work presents a Time-Limited Aging Analysis (TLAA). The objective was 
to determine the Cumulative Usage Factor (CUF) of the structural girders of an overhead 
traveling bridge crane. This crane is located inside the reactor building of a nuclear power plant 
type BWR. This analysis is important to comply with the requirements for the renewal of an 
operating license of a nuclear power plant. 

The Finite Element Method (FEM) is applied with the ANSYS code. Analyzes were carried 
out three-dimensional. Alternating stresses were determined at the critical points and the Miner 
rule was used to estimate the Cumulative Usage Factor (CUF) projected at 60 years. 

The results shown two critical cases (Figure 1, case 3 and 19). These are the test of the crane 
before each operation and the handling of spent fuel containers. A Cumulative Usage Factor 
(CUF) of 0.000259 projected at 60 years was calculated. This complies with the 10 CFR 54.21 
(c) (1) (ii) standard. It shows that the CUF remains less than one. This ensures that the integrity 
of the structural girders is maintained during an extended period of the operating license. 
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 Salatiel Pérez-Montejo, Analysis of a crack in an axial weld in a BWR-5 
 

Numerical analysis of the BWR-5 beltline region containing a crack 

postulated for an extended period of operation. 

Salatiel Pérez-Montejo1, Pablo Ruiz-López2, Gilberto Soto-Mendoza1, Alejandra 

Armenta-Molina 1, Abraham Villanueva-García,1 Luis Héctor Hernández-Gómez1,* 

1Instituto Politécnico Nacional, SEPI ESIME Zacatenco. Unidad Profesional Adolfo López 
Mateos, Edificio 5, Segundo Piso, Colonia Lindavista, Alcaldía Gustavo A. Madero, C.P. 

07738, Ciudad de México. luishector56@hotmail.com 
2Comisión Nacional de Seguridad Nuclear y Salvaguardias. Dr. José Ma. Barragán No. 779, 

Colonia Narvarte, Alcaldía Benito Juárez, C. P. 03020, Ciudad de México  

Abstract. The initial operation licence of a nuclear power plant is granted for forty years. 
However, currently, the owners are applying to operate an additional extended period of twenty 
years. Other situation which can take place during the life time of a nuclear power plant is its 
uprate of the output power. In both cases, the reactor vessel wall is exposed to additional neutron 
radiation that induces embrittlement. Besides, thermal transient conditions must be 
incorporated in the analysis. For this reason, it is important to evaluate the structural integrity 
of the reactor vessel and manage its aging. 

In the case of a BWR-5, 
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Degradation of microstructure and properties of an AISI 316L steel tube 

after more than 100,000 hours usage at 640°C in a petrochemical industry 

Flavio Pereira de Moraes1, Sandro Francisco Alves Junior1, Ronald Lesley Plaut1, 

Angelo Fernando Padilha1* 

1Departamento de Engenharia Metalúrgica e de Materiais da Escola Politécnica da 
Universidade de São Paulo (EPUSP), Av. Professor Mello Moraes 2463, Cidade 

Universitária, 05508-930, São Paulo, SP, Brasil. 
*Presenting author 

Abstract  AISI 316L austenitic stainless steel is one of the most widely used in its steel class, 
especially at high temperature. In this work, samples for analysis were taken from a tube of 
AISI 316L with a nominal 203 mm external diameter and 15 mm thick exposed for about 
100,700 hours at 640°C with internal pressure of 4.5 MPa in a reactor of a petrochemical plant. 
Modifications in microstructure, mechanical properties and corrosion resistance were 
investigated and the most important results are presented. Results show the precipitation of 
intermetallic phases, mainly sigma phase at grain boundaries and inside the grains. Precipitation 
caused increased hardness, yield strength and ultimate tensile strength and decreased ductility, 
toughness and intergranular corrosion resistance. 

Keywords: Degradation; AISI 316L; Microstructure; Mechanical properties; Corrosion. 
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Notch fatigue behavior of Inconel 718 produced by selective laser melting 

Radomila Konecna1, Gianni Nicoletto2 

1University of Zilina, Zilina, Slovakia, radomila.konecna@uniza.sk 
2University of Parma, Parma, Italy 

Abstract Selective laser melting (SLM) is an additive manufacturing technology that uses 
3D CAD part data as a digital source and fabricates it from a metal powder without the need 
for part-speci
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Microscopic Damage Size in Fiber-Reinforced Polymer-Matrix 

Composites: Quantification Approach via NDT Measurements  

Andreas J. Brunner1, Philipp Potstada2, Markus G. R. Sause2 

1Empa, Swiss Federal Laboratories for Materials Science and Technology, Laboratory for 
Mechanical Systems Engineering, Ueberlandstrasse 129, CH-8600 Duebendorf, Switzerland  

andreas.brunner@empa.ch  
2University of Augsburg, Institute for Materials Resource Management  

Abstract The meso-scale morphology of fiber-reinforced polymer-matrix (FRP) composites 
with fiber plies induces a range of microscopic damage mechanisms when FRP is subject to 
mechanical or thermo-mechanical loading. Both, for improving the damage resistance of FRP 
composites and for structural design guidelines, understanding the different damage 
mechanisms and their interaction is important. Acoustic Emission (AE) monitoring of load tests 
on laboratory-scale FRP specimens yields information on the occurrence of damage as a 
function of stress level, and typically allows for roughly locating signal sources, and with 
sophisticated pattern recognition, for identification of different micro- or mesoscopic damage 
mechanisms. In FRP components and elements empirical criteria for assessing structural 
integrity, e.g., AE Felicity-ratio, yield quantitative service-life predictions. Combining AE 
information on microscopic damage with macroscopic, empirical criteria has not received much 
attention yet (see, e.g., [Potstada et al. 2018, Figure 1]). Identifying whether stress-relaxation 
or friction of existing crack faces induces the onset of AE signals in FRP and thus defines the 
Felicity-ratio is important for structural integrity characterization. This approach to the Felicity 
effect on the microscopic scale and its advantages and limitations are presented and discussed. 

 

Figure 1 - Example of layup [±45 0 ±45] including Felicity Ratios evaluated for fibre 
breakage signals (red) and matrix cracking / interfacial failure related signals (blue) in 

combination with selected cross-sections from high-resolution in-situ synchrotron computed 
tomography revealing damage state at load A and B marked in the graph. 

[Ref] P. Potstada, S. Rosini, M. Mavrogordato, I. Sinclair, S.M. Spearing, M.G. R. Sause, 
Proceedings 33rd European Conference on Acoustic Emission Testing, Paper No. 04, (2018). 
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 Kresinsky et al, Different failure mechanisms in keyed shaft-hub connections  
  

Different Failure Mechanisms in Keyed Shaft-Hub Connections  

under Dynamic Torque Load  

Felix Kresinsky1*, Erhard Leidich 1, Alexander Hasse1  

1Professorship Machine Elements and Product Development, Institute of Design Engineering 
and Drive Technology, Technische Universität Chemnitz, 09126 Chemnitz, Germany 

*corresponding author: felix.kresinsky@mb.tu-chemnitz.de  

Abstract   
Regarding to the possibility of assembling and disassembling as well as its cost-effective 
manufacturing keyed shaft-hub connections are a very popular way to transmit torque via form 
fit in modern drive technology. Keyed shaft-hub connections seem to be well known and 
ordinary in design, although multiple field failures show existing gaps in the design.  
 
Keyed shaft-hub connections can be designed due to two criterions: On the one hand is the 
maximum permissible contact pressure in the keyways which can cause a failure via an 
unacceptable plastic deformation of the keyway. On the other hand is the fatigue strength of the 
shaft. The presentation will be based on a large amount of experimental results of keyed shaft-
hub connections under dynamic torque load. The applied servo hydraulic test bench with a 
schematic sketch of specimen geometry and boundary conditions can be seen in figure 1 left. 
Main focus will be on the different failure mechanisms and their dependencies. Furthermore 
the transition from an unacceptable plastic keyway deformation to the initiation of different 
cracks will be shown.   

The experimental results will show that the decisive design criterion for keyed shaft-hub 
connections is dependent from the shafts material strength (figure 1 right). Keyed shaft-hub 
connections with shafts made of low strength steel will fail via maximum permissible pressure 
in the keyway, thus consequently via an unacceptable plastic deformation of the keyway. Keyed 
shaft-hub connections with shafts made of higher strength steel will be fail through a crack at 
the shaft without relevant plastic deformation of the keyway. Both design criterions can be 
handled with different internationally recognized German standards (DIN 743 and DIN 6892). 
The experimental results will show additionally that both standards have their miscellaneous 
shortcomings and the presentation will point out potential improvements. 

 

Figure 1 

,

#034 33



 Kennouche. S, Abdelli. H, Amrane. B, Hami. B 
 

Reinforcement of building plaster by waste plastic and glass 
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  R. Branco et al, Cyclic behaviour of AA7050 
 

Effect of pre-strain on cyclic plastic behaviour of 7050-T6 aluminium alloy 

R. Branco1, L.P. Borrego2,1, J.D. Costa1, J.A. Martins Ferreira 1 

1 Department of Mechanical Engineering, University of Coimbra, Coimbra, Portugal             
2Department of Mechanical Engineering, Polytechnic Institute of Coimbra, Coimbra, 

Portugal 

Abstract  High-strength 7xxx series aluminium alloys are widely used in the aerospace 
industry due to their excellent strength-to-weight ratio, high stress-corrosion cracking 
resistance, good fracture toughness, and low cost. These superior mechanical properties make 
them ideal for applications which experience repeated loading histories as a result of complex 
operational conditions and adverse environmental actions. Despite their large use in aircraft 
structural parts, and the plenty of literature data available about their mechanical properties, the 
effect of a pre-strain on fatigue life has not been deeply investigated. Nevertheless, the 
manufacturing cycle or assembly process of the parts may induce stresses whose effects on 
mechanical behaviour are usually not considered in design. This paper aims at studying, in a 
systematic manner, the effect of pre-strain on low-cycle fatigue behaviour of 7050-T6 
aluminium alloy.  Different series of tests under fully-reversed strain-controlled tests for various 
strain amplitudes and various pre-strain levels are performed. After the tests, the fracture 
surfaces are examined by scanning electron microscopy to identify the main damage micro-
mechanisms. The results show that the higher the pre-strain level, the lower is the fatigue life. 
This effect tends to increase for higher strain amplitudes.  
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  Funk et al, DCPD based detection of the 
transition from short to long crack 

 
DCPD based detection of the transition from short to long crack 

propagation in fatigue experiments on the aluminum alloy 7475 T761 

Meike Funk1, Jürgen Bär 

University of the Bundeswehr, Institute for Material Science, 85577 Neubiberg, Germany, 
1meike.funk@unibw.de 

 

Abstract 

The cyclic lifetime of components can be divided into four sections: crack initiation, short 
crack growth, long crack growth and critical crack growth. Short crack growth and long crack 
growth are of particular importance for the engineer. Long crack growth is already well 
understood, but accounts for only 10 
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An improved technique for high speed impact simulation verification  
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Load Sequence Effects on the Fatigue and Structural Durablity of 
Components under Service Load-Time Functions 

Matthias Hell1, Rainer Wagener2 

1Research Group SAM, Technische Universtität Darmstadt, Magdalenenstrasse 4,           
64289 Darmstadt, Germany, hell@sam.tu-darmstadt.de 

2Fraunhofer Institute for Structural Durability and System Reliability LBF, Darmstadt, 
Germany 

Abstract The failure of components under service loading is caused by localized fatigue 
phenomena, which are governed by the local stress-strain response of the material to an external 
cyclic loading. Due to stress concentrations at notch-like features, such as, for example bearing 
shoulders, grooves or any other abrupt changes in the cross-section of the component, also 
macroscopically elastic external loading may induce a localized plastic deformation of the 
material. In order to be able to consider elastic as well as elasto-plastic loading during the 
numerical evaluation of the structural durability, strain-based fatigue design approaches with 
elasto-plastic material behaviour are the method of choice. As the precision of the numerical 
fatigue life assessment with strain-based approaches depends mainly on the accurate estimation 
of the stress-strain state, the consideration of the specific material behaviour and load sequence 
effects is crucial for the result of the fatigue life estimation and the experimental validation.  

The local cyclic elasto-plastic stress-strain state substantially depends on the stress-strain 
behaviour, the component geometry and the external load-time function. In order to transfer the 
stress-strain behaviour as well as the fatigue behaviour from the specimen to the component 
geometry, different influencing factors related to the component size and the localized plasticity 
have to be considered. Accounting for size and notch support effects, which affect the local 
stress-strain state as well as the resulting fatigue life, requires finite element analyses on basis 
of the cyclic stress-strain behaviour, the component geometry and the load assumption. Under 
variable amplitude loading, especially the load sequence of purely elastic and elasto-plastic 
loading and transient effects in the stress-strain behaviour influence the evolution of the local 
stress-strain state and the accumulated damage. The majority of fatigue design guidelines and 
standards suggest the treatment of load-sequence effects with general safety factors, which are 
either applied as magnification factors on the load spectrum or as reduction factor on the S-N 
curve being used for the damage accumulation. As the load spectrum, commonly derived by 
rainflow counting of the load-time function, does not contain any information about the load 
sequence, this practice leads to unquantifiable uncertainties which may result either in 
oversizing or a critical reduction in safety margins.  

Considering the influence of the load sequence with physically sound models generally 
requires a time consuming, piecewise calculation of the elasto-plastic stress-strain state for each 
load step. The presented work will demonstrate, how a severe reduction in calculation effort 
may be achieved with a simplified approach for the evaluation of the local stress-strain state 
under variable amplitude loading. On basis of a static finite element simulation, loads, which 
cause a shift in mean stresses and mean strains, are extracted from the load-time function, 
storing also their position in the original load-time function. With elasto-plastic finite element 
analysis, the shift in mean stresses due to the load sequence is calculated and added to the 
original load-time function afterwards. A subsequent linear-damage accumulation with the 
modified load-time function in order to conclude the fatigue life estimation shows a good 
accordance with the results from the experimental investigations under service loading. 
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Study of the influence of the load ratio on the high cycle fatigue behaviour 

of double shear riveted joints 
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1University of Brest, IRDL, UMR CNRS 6027, 29200 Brest, France 
2ULB, BATir, Civil Engineering Department, 1050 Brussels, Belgium 

3SNCF Réseau, DGII-OA, 93210 La Plaine Saint-Denis, France   

Abstract : The understanding of the mechanical behaviour of hot riveted joints is a major 

issue for the maintenance of old metal structures. In particular, the fatigue resistance of these 

connections is paramount for the lifetime assessment of iron and steel railway bridges 

subjected to a large number of load cycles, the amplitude of which have also increased 

significantly with the increase in traffic during 100 to 150 years of exploitation. This paper 

discusses the influence of the load ratio on the high cycle fatigue behaviour (HCF) of double 

shear riveted connections subjected to tension. Modern steel (S235) test specimens have been 

specifically designed and manufactured. The results of a dedicated fatigue experimental 

campaign will be presented including two different load ratios. These results will be 

compared with the results of the literature. Failure modes will also been analysed.  
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anne.jung@mx.uni-saarland.de 
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Abstract Ni/Al hybrid foams are a new class of innovative cellular composite materials 
consisting of open-cell aluminum foams electrochemically coated with nanocrystalline nickel. 
They can be used for lightweight construction elements or as crash energy absorbers. The nickel 
coating strengthens the aluminum foam leading to e. g. ten times higher energy absorption 
capacities. Cellular materials such as foams provide a strong structure-property relationship. 
The macroscopic material properties strongly depend on the strut geometry and the 
micromaterial properties of the individual struts. The interphase stability between the coating 
and the substrate foam is the predominant factor in the strengthening mechanism of Ni/Al 
hybrid foams. Hence, micromechanical characterization is an important task for the design of 
components made of Ni/Al hybrid foams. A stabile interphase corresponds to a shear-stiff 
connection between substrate foam and coating. A worse interphase allows sliding between the 
two phases and hence reduces the buckling stiffness of individual foam struts resulting in lower 
strength and energy absorption capacity of the macroscopic foam.  

The interphase stability was studied by in-situ 3-point bending tests of individual struts using 
synchrotron radiation at the EDDI beamline at BESSY II to elucidate local stresses directly at 
the interphase. The critical stress needed for a decohesion of the interface was increased by a 
chemically pretreatment of the aluminum foam before the electroplating with nickel. Even an 
increased critical energy absorption for interface cracking was revealed by FIB-prepared in situ 
microbeams during bending tests in the SEM after the chemically pretreatment of the base foam. 

 

Figure 1 
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Abstract  

The need to retrofit existing reinforced concrete (RC) structures have increased over the 
decades due to corrosion of steel reinforcement inside the concrete, neglect and overuse, and 
increased loading. Experimental and numerical studies in this research field showed that using 
Fiber-Reinforced Polymer (FRP) materials to strengthen RC members in shear, flexure, and 
column confinement applications is an effective method to retrofit RC structures. This 
strengthening technology has numerous advantages over conventional steel plating, such as 
providing high strength-to-weight ratio, versatility, durability, and ease of use to strengthen 
RC members. The purpose of this paper is to study the effect of strengthening shear deficient 
RC beams with externally bonded (EB) carbon fiber-reinforced polymer (CFRP) sheets with 
different wrapping configurations. Two shear strengthening wrapping schemes of CFRP 
sheets will be investigated; U-Wrapped and completely Wrapped. Although the completely 
wrapped scheme is more effective, however, due to its limitations, the U-Wrapped scheme 
became the most commonly used method in shear strengthening of RC structures.  The 
drawback of this strengthening scheme is the premature failure caused by debonding of the 
CFRP laminates, without utilizing its full strength. The main aim of this study is to compare 
the performance of a U-Wrapped T-beam with two completely wrapped rectangular beams. 
The first strengthened rectangular specimen (WBR1) has a depth equivalent to the T-
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Investigation of mechanical properties and microstructure of X60 line-pipe 
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Abstract The direct current potential drop (DCPD) technique is a frequently used method 
to measure crack propagation in metallic materials. With a single potential probe attached to 
the specimen, the size of an initiated crack can be estimated. Therefore, this method is used in 
crack propagation experiments to determine the crack propagation rate. However, with a single 
potential probe it is difficult to detect small cracks and impossible to determine the location of 
the initiated crack. 

In the present study, three potential probes were attached to cyclic loaded notched steel bars. 
For the case of an initiated single crack, this experimental set-up delivers different potentials 
depending on the distance of the probe to the initiated crack. A geometric model was developed 
to determine the position of the initiated crack from the increase of the individual probe signals 
relative to each other. In this model, every potential drop signal is treated as a vector. In the 
beginning of the experiment, without a crack all three vectors have the same length (see Figure 
1a). As a result, the vectors span a horizontal plane. With the initiation of a crack, the vectors 
elongate by different amounts and the spanned plane tilts away from the propagating crack 
(Figure 1b). 

The experimental verification of the model has shown that in case of a single crack, the 
position can be determined clearly, even in the early stages of crack propagation. Moreover, 
the sensitivity of the potential drop measurement for the detection of an initiated crack is 
enhanced by this method. 

Figure 1 
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reinforcement in harsh environments containing a corrosion inhibitor  
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Abstract  The electrochemical performance of 316L stainless steel rebars in a solution of 
pH~8 consisting of Ca(OH)2 and fly ash (0-25 wt.% of the dry mixture) in an acid rain 
simulating solution was investigated by reverse polarization. Concrete cubes containing 0-25 
wt.% fly ash and reinforced with 316L or 304L rebars were subjected to salt spraying. The salt 
spraying-due degradation of the rebars was studied by tensile testing. The beneficial effect of 
fly ash up to 20 wt.% content on the electrochemical behavior of 316L rebars is demonstrated. 
However, this trend is reversed at 25 wt.% FA. The tensile behaviour of 316L and 304L rebars 
after 2 m of salt spraying was not significantly affected by the fly ash presence. 316L and 304L 
embedded rebars performed similarly on tensile testing after salt spraying. 

,

#057 52



  Sharda Lochan et al, Bolted Connections 
 

 

A Review of Fatigue Performance of Bolted Connections in Offshore Wind 
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Abstract  Flanged bolted connections are used in offshore wind turbines to connect the 
monopile to the transition piece, and the transition piece to the tower. Forces and moments 
generated by the effects of winds, waves and currents subject these connections to variable 
amplitude cyclic loads in the harsh offshore environment. Areas such as bolt threads in flanged 
connections are vulnerable to fatigue cracking and failure as a result of in-service conditions 
and their structural integrity is influenced by coatings, lubricants and manufacturing tolerances. 
One of the key challenges in fatigue life assessment of large scale bolts (e.g. M72) used in 
offshore wind turbine is the lack of experimental data points from which new fatigue design 
curves for larger size bolts can be derived. This paper presents a review of the main challenges 
in fatigue life assessment and the factors affecting the fatigue performance of M72 bolted 
connections. Moreover, the existing standards and guidelines, along with different fatigue 
assessment methods for offshore wind turbines are collated and discussed in terms of their 
suitability for fatigue life assessment of M72 bolted connections in offshore wind turbines. Last 
but not least, recommendations have been made to improve the current best practice adopted in 
the offshore wind industry and subsequently potential areas for further investigation are 
proposed for future research on large scale bolted connections.   

 

 

,
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Abstract  

Functionally graded materials, FGM, permit tailoring of the material volume fractions to 
extract maximum benefit from their in-homogeneity. Such materials offer great potential for 
components which operate under severe thermal or mechanical loadings, such as spacecraft 
heat shields, plasma facings for fusion reactors, crucial jet fighter structures and engine 
components. In the present work, polyester matrix reinforced by varying glass fiber 
distribution was used to obtain polymeric composite FGM. The hand lay-up technique was 
adopted to manufacture the FGM. The fracture toughness of glass fiber/polyester FGM under 
three point bend beam was measured. The mechanical properties, such as tensile, compressive, 
in-plane shear, and flexural strength were determined experimentally. Pre-U notch of 3 mm 
depth with seven different inclination angles was made to study the mixed mode fracture 
toughness of FGM at different mode-mixities (KII/KI). It is found that mixed mode fracture 
toughness of FGM increased with increasing the ratio of mode-mixities. For a high value of 
mode-mixity, notch insensitivity phenomenon has been observed as shown in Fig. 1. 

    

 

 

 

 

 

 

 

Figure 1 - Notch insensitivity phenomenon in FGM 
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Abstract   

The tensile and fatigue properties of epoxy reinforced with 68 volume percent carbon fiber, 
CFRP, have been fully investigated. The effect of the presence of an open circular hole on 
tensile, fatigue residual strength, and fatigue strength of CFRP plates was studied 
experimentally and numerically. The results of pin bearing, i.e. bolt-loaded holes, tests were 
also investigated and evaluated. A three-dimensional orthotropic-elastic finite element code 
was developed to calculate the stress concentration factors of open circular holes or bolt-
loaded holes in composite materials. 

The modulus of elasticity, tensile strength, and maximum elongation of CFRP are 
approximately equal to the values found in the technical data sheet of the supplier. A rule of 
mixtures type relation is adequate to predict the modulus of elasticity of such CFRP plate. 
This may be attributed to the high mechanical properties and high volumetric content of the 
fibers compared with the matrix, i.e. there is a marginal contribution of the strength of the 
matrix or the fiber-matrix interfacial bond strength. Based on the net stress analysis, there is 
no difference between the mechanical behavior of smooth and open-holed specimens, i.e. 
notch insensitivity. This is due to the incapability of the matrix to transfer the load from the 
discontinuous part. The same behavior was also found under cyclic loading. Due to the 
weakness in the bond between the fiber and matrix or in the shear strength of the matrix 
compared with the tensile strength of the fiber, the failure mode of all tested bolt-loaded 
unidirectional CFRP plates is shear-out. Further, the strength of such bolted joints is mainly 
dependent on the size of the contact area between the hole and the bolt. 
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Abstract   

Today, design requirements and cost targets require a better knowledge about material 
properties and behavior. Especially in challenging technical fields, the knowledge about 
material properties is a key issue to achieve design requirements like lowest component mass 
at highest structural integrity. A typical example is the design of liquid hydrogen propellant 
tanks. 

A possible material for hydrogen propellant tanks is the aluminum alloy AA2198. The 
present investigation shows the results of tensile and fatigue tests with aluminum alloy AA2198 
under liquid hydrogen (LH2) and ambient conditions. 

Tensile and fatigue tests were performed with flat specimens using a servohydraulic testing 
machine with a load capacity of 100 kN equipped with a LH2 cryostat. Tests under ambient 
conditions were conducted using a different servohydraulic testing machine with a load 
capacity of 63 kN. All fatigue tests were performed under load control at a frequency of 20 Hz 
and a stress ratio of R=0.1. The Gecks-Och-Function [1] was fitted on the measured cyclic 
lifetimes. 

The tensile strength in LH2 was measured to be 46% higher compared to the value 
determined at ambient conditions and the fatigue limit raises about 60%. Both S-N curves show 
a distinct S-shape but also significant differences. Under LH2 environment the transition from 
LCF- to HCF-region as well as the transition to the fatigue limit is shifted to higher cyclic 
lifetimes compared to ambient test results. The investigation of relevant crack surfaces also 
show distinct differences comparing ambient and LH2 conditions. Obviously, these differences 
are responsible for the differences in the fatigue behavior. 

The obtained knowledge from the investigations prove that the exact determination of 
material properties require tests under realistic conditions in terms of chemical environment 
and temperature. It is not possible to receive usable design data by simply extrapolate from 
room temperature data. 

 

[1] Gecks, M., Och, F., Ermittlung dynamischer Festigkeitskennlinien durch nichtlineare 
Regressionsanalyse, MBB-Bericht UD-208-77, (1977). 
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Abstract  During fatigue loading of metallic materials energy is dissipated leading to a 
heating of the specimen. This temperature increase can be used to determine the fatigue limit 
of the material. Beside the global temperature increase, the thermoelastic stimulated Lock-In 
thermography proposes to determine the dissipated energies. In this method, the measured 
temperature signal is dissected into sine waves coupled with the loading frequency. The 
thermoelastic effect is described with a wave with the loading frequency (E-Mode), twice this 
frequency is assigned to dissipated energies (D-Mode). Previous investigations have shown that 
temperature changes caused by dissipated energies cannot be described with a sine function 
with the double loading frequency and therefore a quantitative determination based on a Lock-
In evaluation is not possible. Therefore the appearence of D-Mode amplitudes can just be used 
as a qualitative criterion for non-linear effects caused by dissipative energies. 

In this work, detailed studies of the temperature change caused by dissipative energies within 
a loading cycle were performed on oxygen free copper and the aluminum alloy AA7475 T761. 
The temperature changes in a loading cycle were recorded with a high speed thermography 
camera. To determine the temperature changes due to dissipative effects, the thermoelastic 
effect is substracted from the measured temperature. The corresponding thermoelastic constant 
is determined in an experiment with a pure elastic loading of the specimen. 

Force controlled experiments showed that the heating effect in a cycle decreases until a 
equilibrium temperature is reached. This clearly indicates a direct relation between the strain 
and the heating effect within a cycle. Compared to pure tension loading (R>0) under fully 
reversed loading (R=-1) a higher heating can be observed, caused by an additional heating effect 
in compression. The equilibrium temperature increases with the loading frequency. This effect 
can be contributed to a decreasing cooling time within a loading cycle. The amount of dissipated 
energy was found to be independent of the loading frequency. The temperature change within 
a cycle can be described by a simple model basing on the mechanical and physical properties 
of the material. 

The investigations have shown that the detailed analysis of the temperature change within a 
loading cycle can provide interesting information about the amount and the time when energy 
is dissipated in a loading cycle. This enables a more detailed study of the fatigue behavior of 
metallic materials and can provide valuable data for the prediction of the cyclic lifetime. 
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Abstract Artificial ground freezing is a universal and efficient method that is used in 
construction of engineering and civil buildings in fluid-saturated soft soil. When applying the 
method an ice soil retaining structure is created. The structure provides temporary support of 
ground and groundwater control. 

Ground freezing is implemented by a series of freezing wells that are drilled around a 
designed structure. During the process the pore water freezes and as a result a volume of the 
soil increases by 9%. The expansion of the soil leads to the rise of mechanical pressure and 
soil swelling, so a mechanical state of the soil changes. This alteration could induce additional 
loadings and fracture of the freezing wells and the buildings under construction. Especially, 
dangerous loadings could arise on the boundary of two soil stratums with different 
mechanical and thermo-physical properties. 

The present study is devoted to a numerical simulation of a stress-strain state of water 
saturated soils during the process of artificial freezing. The simulation has been performed by 
originally developed thermo-hydro-mechanical model [1]. The model consists of the energy 
balance equation with the first-order phase transition, the mass 
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Abstract  Various surface modification techniques are aimed at enhancing the resistance to 
wear, corrosion and fatigue of structural alloys. Among them, laser shock processing (LSP) is 
a competitive process due to its favorable combination of resulting microstructure, surface 
finishing and residual stress field, thus improving the damage tolerance of critical parts. In LSP, 
a pulsed laser is focused on the target by an optical set, the target surface layer evaporates and, 
by absorbing energy from the laser, is immediately ionized. The expansion of the plasma is 
confined by a transparent layer (usually water) and its collapse generates a shock wave, which 
in turn propagates into the target metal, plastically deforming the material and inducing deep, 
high magnitude compressive residual stresses. In the conventional process, a thin ablative layer 
is placed between the water overlay and the target surface in order to enhance the beam coupling 
efficiency (absorptivity). More recently, LSP without coating (LSPwC) has been gaining 
ground, using lasers with lower energies (a few Joules or less), shorter pulse duration, smaller 
laser spots and higher surface coverage per shot. In the present work, LSPwC treatment was 
performed in both sides of pre-cracked 4.5 mm thick compact tension specimens of aluminum 
alloy 2024-T3. A pulsed (9 ns) Nd:YAG laser system operating in the second harmonic (532 
nm) at 10 Hz repetition rate and with pulse energy of about 270 mJ was positioned with a 500 
mm focal distance lens in order to conduct LSP with an estimated power density of 5.2 GW/cm2 
and two distinct overlapping rates: 50% and 75%. Figure 1 shows a fatigue specimen with LSP 
footprint ahead of pre-crack. The objective of the work was to investigate the effect of the LSP 
and cyclic load condition on the crack closure behavior and fatigue crack growth rate shown by 
the specimens. The LSP samples were evaluated as for the resulting microstructure and 
hardness, surface roughness and residual stresses. The fatigue crack growth tests were 
conducted at high and low stress ratios and the linear-quadratic spline method was employed 
in the crack closure calculations. 

  

Figure 1 - View of the fatigue specimen with LSP impression ahead of pre-crack. 
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Abstract  Ferritic stainless steels were discovered in the USA in 1911 and in 1915 it was 
suggested using these alloys in turbines, which is still used by project engineers. It is 
common to classify ferritic stainless steels (FSSs) 
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Abstract Although many riveted bridge structures made of old mild steel constructed in the 
period between 1880 and 1940 are still in use after decades of service, there is usually no need 
to replace them. When assessing these existing steel structures to decide on necessary 
rehabilitation or reinforcement measures engineers particularly requires information about the 
remaining cyclic lifetime of the material.  

The assessment of the fatigue resistance of these structures is currently based on normative 
notch details, S-N-curves and a linear damage accumulation hypothesis. If sufficient remaining 
cyclic lifetime cannot be evaluated with this method, for railway bridges an operating time 
interval verification based on fracture mechanics is carried out. Thereby, a fatigue crack at the 
edge of the rivet hole is assumed which extends 5 mm beyond the edge of the rivet head and 
can thus be found visually during a bridge inspection. The potential of crack initiation and crack 
growth below the rivet head is not yet included in the assessment. Therefore, this part of fatigue 
life is the subject of a current research project. Initial studies have already shown that the growth 
of cracks at holes is significantly retarded by the prestressing force of the fasteners (rivets or 
bolts). 

To include the early phase of crack propagation in the assessment of a steel bridge, it is 
necessary to detect reliable or exclude such a small crack in the structure. In this early phase of 
crack growth, however, the crack at the rivet hole is still covered by the rivet head. Recent 
investigations of the authors at parts of an aircraft wing [1] indicates that fatigue cracks can be 
detected safely with a length less than 2 mm using Lock-In thermography. It was also possible 
to detect cracks under the surface. In this actual study the applicability of thermoelastic 
stimulated lock-in thermography for fatigue crack detection at riveted steel structures will be 
evaluated. Therefore, tests were performed on fatigue test specimens (see figure 1) with fatigue 
cracks on the edge of the holes, rivet-like bolts and typical corrosion preventive coatings. 

 

Figure 1 
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Abstract 

Common practice for the integrity assessment of structures, follows the use of Fitness for 
Service procedures, such as BS7910/R6 (BSI 2013; EDF Energy Nuclear Generation Ltd. 2000). 
There are many common structures (e.g. pressurized components, pipes) that are under biaxial 
loading. Even though the load biaxiality has been proven experimentally to have an effect on 
both the fracture toughness and the limit load of a component, the influence of biaxial stresses 
is not directly addressed in the procedures. In order to address the effect of biaxiality on 
engineering critical assessments, BS7910 and R6 fitness for service procedures are applied to 
four biaxially loaded wide plate tests previously conducted on A533B steel (Phaal, Andrews, 
and Garwood 1995). The plates had been loaded in biaxial 
tension, with a biaxiality ratio (k=P2/P1, see Figure 1), of 0.5 
and 1, while the temperatures of the plates tested correspond to 
lower shelf (-100 oC 
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Abstract With increasing demands to improve vehicle fuel economy, multi-material body 
structures are increasingly utilized in the automotive industry for structural lightweighting 
purposes. These multi-material structures pose challenges for dissimilar material joining, 
particularly aluminum to steel. General Motors (GM) developed a new resistance spot welding 
technique using a multi-ring domed electrode and multiple solidification weld schedules to 
address these challenges. In aluminum-steel resistance spot welds (RSWs), an iron-aluminum 
intermetallic compound (IMC) layer is formed at the interface and its strength affects tensile 
shear specimen fracture modes, i.e. interfacial versus pull out fracture. Based upon the 
experimental heat affected zone (HAZ) and IMC shear strengths using a new mini-shear test 
specimen, it was observed that it was not suitable to use the critical weld nugget diameter of 
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Structural health monitoring of the construction, especially during the operational load, is 
an important and relevant task. Permanent collection of information about the current state of 
the object in real time provides the data necessary to prevent breakdowns caused by aging and 
the effects of external factors. Objects made from polymer composite materials (PCM), along 
with numerous advantages, have a probability of unexpected damage development during 
operation. That is why it is necessary to create monitoring systems that allow to detect 
damages in the early stages of appearance, before they lead to the destruction of the 
construction. 

Implementation of fiber-optic strain sensors (FOSS) between the PCM layers at the stage 
of technological process of layers stacking has the potential of creation defect identification 
systems. Strain measurement is one of the main tasks when using FOSS in the PCM. The 
sensitivity of FOSS on Bragg gratings to changes in the stress-strain state of a material makes 
it possible to detect small-size damages, since they cause changes in the strain fields in the 
material. 

This study presents a technique that allows you to capture defects that occur in a 
structurally similar polymer composite sample in the form of a flange, as well as to monitor 
their growth and development. The technique includes a preliminary numerical simulation of 
the stress-strain state of the flange, the definition of monitoring areas with the mandatory 
location of sensors in the stress concentration areas and in moderate stress areas, as well as an 
analysis of the relationship of sensor readings. To test this technique, a tensile experiment was 
performed on flanges made of PCM. 

It was noted that the defects (in delamination form) that appear along the edge with 
increasing loads, which are a zone of stress concentration, are unevenly distributed. This is a 
natural consequence of the asymmetry of the sample manufacture and its loading. 
Experimental results from various sensors in the form of the dependence of the strain values 
on the load values show that as the load increases, the ratios of the strain values change as the 
defects appear. Experimental results from various sensors in the form of the dependence of 
the strain values on the load values shows that as the load increases, the ratios of the strain 
values change as the defects appear. 

The appearance of defects was recorded visually. It should be noted that large values of 
strains, as well as in a numerical experiment, was recorded by sensor located in the zone 
opposite to the area where the largest defects occur. 

 
This study was supported by the Russian Science Foundation (project No. 15-19-00243). 

,

#071 64



Serovaev G.S. et al, Numerical modeling of the capillary in the Bragg grating area  

Numerical Modeling of the Capillary in the Bragg Grating Area, Ensuring 
Uniaxial Strain of Embedded Fiber-Optic Strain Sensors  

Serovaev G.S. 2, Matveenko V.P.2, Kosheleva N.A.1, Fedorov A.Yu.2  

1Perm National Research Polytechnic University, 29 Komsomolsky prospekt,  
614990, Perm, Russia 

2Institute of Continuous Media Mechanics of the Ural Branch of Russian Academy of Science, 
1 Akademika Koroleva str., 614013, Perm, Russia, serovaev@icmm.ru 

 

There is a direct correspondence between the relative change in the resonance wavelength 
of the reflected signal caused by a change in the Bragg grating wavelength and strain along 
the optical fiber only under the condition of uniaxial strain of the optical fiber when single-
mode fiber-optic strain sensors (FOSS) on Bragg gratings are used. In the general case a 
complex-stressed state is realized in the Bragg grating zone when an optical fiber is embedded 
into a material, in particular, into a polymer composite material (PCM). In this regard, the 
problem arises of providing uniaxial strain of the Bragg grating when FOSS is embedded into 
material. To do this, it is necessary to change the parameters of the material surrounding the 
fiber, which, in a constructive implementation, means the use of an additional coating 
(capillary) around the fiber in the area of the Bragg grating. Such coating may be uniform or 
non-uniform. 

Additional coating is characterized by the geometric dimensions and mechanical 
characteristics of an isotropic material. The case of a homogeneous coating includes the 
option of having a cavity with the dimensions of an additional coating. For an additional 
coating, various variants of its interaction with an optical fiber can be realized, from ideal 
contact to ideal slip along the contact surface. An inhomogeneous shell is represented by an 
outer coating of an elastic isotropic material and an inner cavity between the outer coating and 
the optical fiber. 

The additional coating must ensure the fulfillment of two conditions: the realization of a 
uniaxial stress state in the Bragg grating area and an adequate strain transfer from material to 
the sensors, i.e. similar values of strains in the fiber along its length and strains in the material 
in the direction of the fiber. In addition, it is necessary to estimate the additional stress 
concentration in the vicinity of the optical fiber caused by the use of a capillary and 
evaluation of the performance of the capillary functions in the range of operational loads. 

The parameters of the additional coating are selected by numerical modeling based on the 
calculation of the stress-strain state of a fragment of a polymer composite material in the form 
of a cube in which an optical fiber with an additional coating is embedded. The dimensions of 
the cube significantly exceed the length of the additional coating. For this task the most 
unfavorable loading option in which external influences are perpendicular to the fiber, is 
considered. The results associated with the features of the cross-sectional geometry of the 
capillary, when a FOSS is embedded into anisotropic material, are presented. 

 
This study was supported by the Russian Science Foundation (project No. 15-19-00243). 
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Abstract  Designing mechanical structures exposed to random vibration loading compromises 
two central challenges. The first is to abstract or to define representative load assumptions. The 
second is to efficiently process these load assumptions in a fatigue assessment. Both are 
primarily a matter of statistical load description. 

Defining random loading via the power spectral density (PSD) combines an effective statistical 
description with the ability to efficiently perform fatigue analysis for linear structures using 
frequency-domain methods (e.g. Dirlik). The PSD is a fundamental tool of vibration fatigue 
depicting the amplitudes of all harmonics contained in a load series. It covers a full stochastic 
description for stationary Gaussian random processes. Measured in-field vehicle vibration 
usually differ significantly from this assumption. In particular, the constant change of operating, 
environmental or excitation source conditions results in a varying intensity of the vibration 
process. Employing the PSD for such non-stationary loading results in the averaged power 
spectral density. A replication of the loading solely based on the averaged PSD generally has 
lower amplitudes than the referencing measured load series. Thus processing the PSD for non-
stationary loading leads to non-conservative deviations for the lifetime estimation. 

We propose an extension of the well-known frequency-domain fatigue estimation for non-
stationary load series. It is based on a model associated with amplitude modulation. A PSD 
estimated from a measured load series functions as the elementary vibration process. To 
ascertain for the non-stationarity the vibration process is modulated by a low-frequent function 
that represents the varying intensity due to changing conditions. As the elementary vibration 
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Abstract:  Embedded nondestructive technique (ENDT) is an emerging technology that will 
allow changing the traditional ultrasonic method to embedded structural health monitoring 
(SHM) systems. It will be an era for embedded structural health monitoring such as those 
imagine for the Integrated Structural Health Management (ISHM) system. ISHM refers to self-
acting methods for determining adverse changes in the structural material.  

Most of the bridge decks are made generally of reinforced concrete, and the concrete is a 
heterogeneous material with non-linear elastic properties. Therefore, material degradation is an 
important issue with concrete structures.  Loads, such as temperature and traffic, could result 
in progressive and continuous micro cracks, which leads to the increased permanent strains and 
decreased the stiffness of the structure. Hence, from the elastic properties of the concrete, we 
can find the structural changes in the material. The main goal of this study is to detect the signal 
disturbances referred to possible internal defects and damage using the processing of acquired 
ultrasonic signals. In our research, we use new ultrasonic transducer. These ultrasonic sensors 
and traditional strain gauge sensors installed in the Gliwice bridge during construction. Since   
acquired signals from the mentioned sensors are raw signals. Therefore, the signal processing 
algorithm is developed for the ultrasonic sensor array to detect changes in the reinforced 
concrete structure and compare the detection capability with traditional strain gauge sensors. 
The signal processing methods being used to denoising, compensate DC offset, crosstalk, and 
the feature extraction. For better recognition of the structural changes of reference state and 
intermediate state in the mechanical properties of the material, need to be analysed, e.g. using 
cross correlation method. From traditional measuring, direct waves are considered (first echo 
at the receiver in most cases). However, lots of other reflected waves, which arrive much 
afterwards at the receiver, hold efficient information as this waves coming from larger areas of 
the structure. From the input echo, and the back surface echo of longitudinal and transverse 
waves, it is easy to calculate the direction of a linear relationship of velocity, and then determine 
the elastic constants which allow us to describe the changes in the structure and properties of 
materials. Therefore, signal processing techniques such as split spectrum technique are used to 
extract the correlation coefficient of the longitudinal and transverse wave packages, which 
allow us to determine the location and signature of the changes in the material. The applied 
embedded sensors together with proposed signal processing algorithms can detect changes in 
concrete structures as good as traditional strain gauge sensors, which was verified in laboratory 
and in-field experiments. In further studies, we take into consideration an automatic change 
detection application. 
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Abstract  

Enhancing the flexural capacity of reinforced concrete (RC) beams using externally 
bonded Fiber Reinforced Polymers (FRP) and steel plates has been a common practice over 
the last three decades. The use of FRP, as an externally bonded strengthening material, 
permitted RC beams to resist higher loads while maintaining structural integrity. However, 
this application 
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Abstract  

Fiber Reinforced Polymers (FRP) and steel had proven to be very effective as externally 
bonded shear strengthening materials However, they both have their shortcomings. Recently 
developed high strength Aluminum Alloy (AA) plates possess desirable characteristics that 
may overcome some of the shortcomings of FRP and steel.  

The aim of this paper is to study the behavior of Reinforced Concrete (RC) beams 
strengthened with externally bonded AA plates as shear reinforcement. Three RC beams were 
designed to fail in shear and two of them were strengthened with externally bonded AA plates 
that were oriented at 90o and at 45o. The beams were tested under four-point bending until 
failure while magnitudes of loads and mid-span deflections were recorded. The results of the 
tested beams showed an increase in the load carrying capacity of up to 38% compared to the 
capacity of un-strengthened control beam. All beams failed in shear with diagonal shear 
cracks followed by de-lamination/de-bonding of AA plates near the support and near the 
applied load. This study demonstrated that AA plates can be used as externally bonded 
material to enhance the shear capacity of RC beams, however, further investigation is needed 
to further validate these results. 
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Abstract  Damage-tolerant designs admit the pre-existence of defects and small cracks, 
which lead to stress redistribution in structural components. The accurate knowledge of the 
stress field in parts under these conditions is important for damage accumulation analysis and 
residual life prediction. In this work, a numerical model via finite elements is proposed to 
determine the stress field ahead of crack tips in a plate under cyclic loading and elastoplastic 
regime. The analyzed center-cracked plate simulates a M(T) specimen made of 6005-T6 
extruded aluminum alloy. From the triple symmetry condition, one eighth of the plate has been 
discretized with tetrahedral solid finite elements of quadratic order (Figure 1a). The refinement 
of the mesh has been concentrated around the crack tip region. The cyclic stress-strain curve of 
the material has been experimentally obtained by strain-controlled fatigue tests. With this curve, 
elastic and plastic parameters have been determined, considering elastoplastic material with 
isotropic hardening governed by Swift's law. Such a model differs from most usual stress 
analyzes in components with cracks, in which the possibility of hardening is not considered. It 
is important to emphasize that the law of nonlinear hardening adopted in this work does not 
allow the analytical solution of the present mechanical problem. Cyclic loading with ratios R = 
0 and R = -1 has been applied from an initial crack of 11 mm in length. The crack growth was 
imposed by means of a simplified node release scheme. For each increment of 0.2 mm, stress 
fields and equivalent plastic strain have been determined for loading and unloading. Figure 1b 
shows the equivalent stress curves obtained at the maximum load for crack lengths of 11, 13 
and 15 mm. The obtained numerical results justify the experimental data found for crack 
propagation in the same load ratios. 

 
(a) 

 

 
(b) 

Figure 1 - Boundary problem definition (a) and equivalent stress curves for three distinct 
crack sizes at peak load (b).  
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Abstract: Railway track maintenance is a crucial aspect for the management of this type 
of transportation infrastructure regarding the technical and economic performance of the 
system. Track condition evaluation is usually carried out through labor-intensive visual 
inspection campaigns or with dedicated track inspection vehicles endowed with onboard 
vision systems. However, both techniques do not provide useful information on the causes 
that lead to track performance degradation and thus, maintenance actions tend to be more 
corrective and less preventive. 

A R&D Project was recently completed in Portugal that aimed at designing, developing 
and demonstrating the applicability of an innovative and integrated approach to assess the 
performance and condition of railway tracks. A system prototype was developed and installed 
on board of a self-propelled railway maintenance vehicle. The system is designed to 
continuously evaluate the vertical stiffness of the track and to detect disturbances on the 
wheel and rail dynamic contact interactions. The system is also able to post-process the 
acquired data taking into account structural aspects of the track. 

Following the work described in another paper submitted to ICSI 2019, this paper presents 
the methodology used in this project to process the acquired data and determine the relevant 
structural railway track parameters, such as railway track vertical stiffness, some geometrical 
properties of the rails and characteristic resonance frequencies of the vehicle-rail dynamic 
interaction. It also presents the results obtained from the first test using the prototype on a 
railway track under regular operation. For this purpose, a section of the track was 
instrumented with additional on-site equipment to provide data for further system assessment 
and validation. The instrumented section comprised part of a bridge over Ribeira de São 
Martinho and the adjacent transition zone, near Alcácer do Sal, in Portugal. The data obtained 
from this proof of concept test, together with the results gathered from previous phases of this 
project, suggest that the proposed approach is adequate in this context. 

 
a) 

 
b) 

Figure 1 - Aspects of proof of concept test: a) overall view of the instrumented rail track 
section; b) passage of the vehicle over the instrumented section 
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Abstract: Multi -wire strands are the most common resistant component of structural 
tendons used in a wide range of civil engineering applications. The tendons are designed to 
withstand high tensile loads, but they can also be subjected to permanent or accidental 
transverse loads that increase the contact forces between the wires and thus alter their tensile 
behavior.  

This paper presents a comparative experimental analysis concerning the tensile bearing 
capacity of two classes of high-strength steel wires subjected this peculiar type of biaxial 
loading. The first one, made from eutectoid steel is commonly used today for prestressing 
strands fabrication and the second, made from duplex stainless, is a potential candidate for 
replacing it due to its higher durability. It resulted that the wires do not differ in the empirical 
criterion of fracture found to predict their tensile bearing capacity as a function of the applied 
transverse load. Figure 1 shows their similitude in the macroscopic failure mechanism comes 
from the local biaxiality of the stress state and from the microstructural alteration induced by 
the locally applied transverse load. However, the pearlitic nature of the eutectoid steel and the 
bi-phasic structure of the duplex stainless steel are the root cause of detected qualitative 
differences. The failure originates in an inclined slip band along which plastic instability 
occurs before fracture propagates. This band arises from the alignment and concentration of 
microcracks formed in the microstructural layers forced to gradually elongate and bend 
because of their proximity to the locally applied load. 

 

 

Figure 1. a) Sketch of the test showing the inclined failure origin from microcracks alignment; 
Macroscopic views of failure: b) Eutectoid steel wire; c) Duplex stainless steel wire. 
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Abstract  After more than 30 years of development, the Small punch has become a very 
popular test, with a new standard expected within a few months. The reduced dimensions of 
the test specimens, its simplicity and the high amount of information obtained from it, make 
the Small punch test one of the most promising alternative test techniques for mechanical 
characterization of metals. Tensile or creep properties and even fracture toughness are some of 
the characteristic values of the mechanical behavior of metals that can be estimating using the 
Small Punch Test. 

This paper presents a review of some exisisting methods for obtaining fracture troughness 
from Small Punch Test together with the proposal of new methodology for the estimation of 
fracture toughness using Small Punch tests. The proposal is divided into the following steps: 1) 
measurement of the thickness of the specimen in the fracture region by destructive means or 
alternatively by CT (Computerized Axial Tomography, Figure 1), 2) determination of the 
fracture equivalent strain from the thickness measured in the previous stage 3) correlation 
between the fracture equivalent strain and fracture toughness, expressed in terms of CTOD. 
The main innovative aspect of this methodology with respect to existing proposals is the use of 
CTOD instead of J in the final correlation, which on the one hand is physically justified (both 
are deformation-based parameters) and on the other gives the method a higher reliability level. 

 

Figure 1 
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The origin and initial development of fatigue cracks occur under the action of the maximum 
tangential stress, which is less than the mode one and it is achieved at an early stage of the 
formation of a fatigue crack. It was experimentally shown that the crack resistance of steel is 
reduced when a shear loading component is introduced, which cannot be ignored when 
assessing the performance of structural elements under mixed loading conditions.These 
processes lead to irreversible deformation and failure that is accompanied by energy 
accumulation and dissipation. Theoretical and experimental investigation of thermodynamics 
of crack propagation process is one of the key issues in fracture mechanics.  

A number of experimental and theoretical studies were devoted to the study of the features 
of fatigue cracks propagation, which are based on the assumption that, from a physical point of 
view, the determining factor for the process of crack propagation is the energy balance at its 
top. To calculate the energy balance, it is necessary to know the deformation energy and the 
dissipated energy. Today, for their determination, the method of infrared thermography, the 
method of correlation of digital images and the method of thermal stress analysis are used. This 
work is aimed at measuring the strain field at the  fatigue crack tip under biaxial loading for 
subsequent analysis of the strain energy. 

Experimental study of strain field at the fatigue crack tip was carried out on the plane 
specimens of stainless steel AISI 304 with a thick of 3 mm. The specimens were weakened by 
central notch to initiate fatigue crack. To measure the deformation the method of digital image 
correlation was used based on strainmaster system. There used macro lens and spatial resolution 
of 3 um was obtained. The biaxial tests with different biaxial parameter (0, 0.5, 1) were carried 
out with biaxial testing machine Biss BI-00-502. 

The shape and size of plastic area near the fatigue crack tip was obtained. These data will 
allow verification of models describing the behavior of fatigue cracks. The result of numerical 
simulation are coresponded with experimental. There is decrease of plastic zone with increase 
of biaxial coefficient. This can be caused by an increase in the influence of the shear strain 
component with increasing side load. 
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Abstract: Railway track maintenance is a crucial aspect of railway infrastructure 
management in terms of technical and economic performance of the transportation system. 
The planning of maintenance actions is commonly based on observation of infrastructure 
condition. Track condition evaluation is usually carried out with manual visual inspection 
campaigns or with dedicated track inspection vehicles endowed with onboard vision systems. 
This traditional approach to track condition evaluation is generally considered adequate. 
However, it does not provide useful information on the causes that lead to track performance 
reduction and thus, maintenance actions tend to be more corrective and less preventive. 

A R&D Project was completed in Portugal that aimed at designing, developing and 
demonstrating the applicability of an innovative and integrated approach to assess the 
performance and condition of railway tracks. This approach is also expected to contribute to 
identify the specific causes of some track performance degradation, namely those that are 
related to the characteristics of the layers and the geomaterials that compose the substructure 
of the track. A system prototype was developed and installed on board of a self-propelled 
railway maintenance vehicle. The system is designed to continuously evaluate the vertical 
stiffness of the track and to detect disturbances on the dynamic contact interface between the 
wheelsets and the rails, some of which can be related to defects on the tracks. The system is 
also able to post-process the acquired data taking into account structural aspects of the track. 

This paper includes an overall system description of the prototype implemented based on 
the discussed approach and the first experimental tests performed with said prototype, 
regarding the system assessment. These tests were performed on a railway track, adjacent to a 
maintenance yard. The track was instrumented with additional on-site equipment to serve as 
reference for the 
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Abstract   

 

The application of adhesively bonded joints in the automotive industry has increased 

significantly mainly driven by the need for lighter vehicles, improved fuel economy and 

reduced emissions [1]. Epoxy resins are one of the most used structural adhesives, due to their 

versatility as well as their mechanical, thermal and chemical resistance and can be modified so 

that their properties can vary from very stiff and strong to flexible and ductile by inclusion of a 

second phase. Several materials can be used to modify the epoxy mechanical properties, so that 

a uniform stress distribution along the overlap can be obtained. Natural materials, such cork, 

can modify epoxy adhesives. There is also pressure on industries to use these type of materials, 

in order to reduce their carbon footprint. Cork as an interesting cell structure that can be applied 

to reinforce a brittle adhesive. Cork is able to improve the adhesive mechanical properties 

without detrimental effects on the curing process and on the hydrothermal degradation of the 

adhesive [2-4].  

The present study deals with the effects of temperature and cyclic loading condition on 

strength of single lap adhesive joints enhanced with different amounts of micro cork particles. 

To achieve this, different joints with various overlap lengths were manufactured and tested. 

The joints were tested at two different temperatures (-20oC and 75oC) in quasi-static conditions. 

Results of high temperature (75oC) show that the joints tensile strength decreases with the 

amount of cork particles. For low temperature (-20oC), the strength of the joint with 1 vol% of 

cork increased however, higher amount of cork lead to reduction of the joint strength. To 

investigate the influence of cork particles on fatigue endurance of the joints, they were tested 
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at room temperature under sinusoidal cyclic loading. Based on the experimental data it was 

found that the cork particles could significantly improve the fatigue life of adhesive joints (up 

to 4.6 times). Micro failure analysis of the tested joints was also performed using the scanning 

electron microscope (SEM) technique. 
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Abstract Friction stir welding (FSW) is widely used for joining of aluminum and other 
lightweight alloys without much distortion, and residual stresses. However, selection of tool 
pin profiles, process parameters are important to avoid formation of defects like tunneling, 
cracks, voids, etc. as these defects can act as failure initiation site. In the present study, an in-
situ analysis of crack initiation and propagation during tensile loading was captured using 
high speed camera for dissimilar FSW joints between AA6061-T6 and AA7075-T651 
prepared with plain cylindrical (CYL) and threaded with three intermittent flat faces (TIF) 
tool pin. Joint failures were further predicted by finite element (FE) analysis incorporating 
ductile damage criteria to unveil the failure mechanism. To create a realistic FE model both 
geometrically and mechanically, the FE model was segmented into different regions - stir 
zone (SZ), thermo-mechanically affected zone (TMAZ), heat affected zone (HAZ) and base 
metal (BM). The shape and size of these zones were modeled as per dimensions measured. In 
addition, tunnel/void region (observed in joint with cylindrical tool pin) was also incorporated 
in FE model. In order to assign the material properties, tensile testing of both the base 
materials were performed as well as tensile sample was cut from the weld stir zone (along the 
weld seam) and tested. The fracture strain (
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Abstract  A bleed air system is a network consisting of ducts, joints, valves, controllers and welded 
components to extract pressurized air from the compressors of main aircraft engines as well as auxiliary 
power units [1, 2]. This bleed air is transported to different sectors of an aircraft and includes essential 
functions such as pressurization of passenger cabins, air conditioning, engine startup, de-icing of engines 
and wings as well as pressurization of hydraulic reservoirs and water tanks [1]. Especially, bleed air 
having a temperature of 200 °C until 250 ° and a pressure of 2.8 bar must be conditioned to achieve 
breathable air and bearable temperatures within the passenger cabins [1]. The components of a bleed air 
systems are subjected to cyclic pressurization and heating cycles [1]. Damages in air-conditioning 
systems and bleed air systems make up approximately 29 % of failure cases in older aircrafts [3]. 
Titanium Grade 2 or titanium Grade 3 are preferred light-weight materials for the production of curved 
and straight ducts used in bleed air systems [4, 5]. Unalloyed titanium combines high resistance against 
corrosion and oxidation, moderate strength, fatigue strength, elevated strength-to-weight ratio and good 
weldability [2]. Pneumatic ducts made of titanium have wall strengths of 0.5 mm until 1.2 mm and 
diameter of 100 mm until 120 mm.The PAW or TIG joining technology are applied for welding of 
titanium ducts [2]. However, failures of titanium ducts in connection to cracking adjacent to welds have 
been reported in literature [2, 4]. The main cause of damage is the interaction of embrittlement, tensile 
residual stresses and cyclic load composed of vibrations during in-flight, cyclic pressurization and 
heating cycles [4]. The embrittlement was attributed to the heat input during the welding and subsequent 
low cooling leading to formation of coarse grains in heat-affected zone as well as absorption of ambient 
air due to instable protection gas atmosphere [4]. Laser beam welding is a suitable approach to overcome 
the disadvantages caused by application of PAW or TIG joining technology. 
In the frame of TiB-Air project funded by the German Federal Minsitry for Economic Affairs and 
Energy (BMWi) the mechanical properties of Yb:YAG fibre laser welded titanium sheets with a 
thickness of 0.9 mm such as KS1.2ASN, titanium Ti XT and titanium Grade 4 regarding fracture 
toughness, tensile behavior, fatigue strength and fatigue crack propagation have been investgated to 
obtain a data base for admission of KS1.2ASN and titanium Ti XT used for the production of pneumatic 
ducts in bleed air systems. Titanium Grade 4 was used as reference materials. It will be shown that 
KS1.2ASN, Ti XT and titanium Grade 4 can be considered as alternative to the commonly used 
unalloyed titanium grade 2 or titanium grade 3. 
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Abstract: Structural Integrity calculations are critical parts of the design, certification procedures and 
safety analyses for the demonstration of design life, and for the assessments of the technical allowable 
lifetime of large-scale pressure vessels, used in electric power generation industry. The significance of 
these calculations is being nowadays even more increasing, when the feasibility of long-term operation 
(i.e. operation between 50 and 80 years) of working equipments has become an increasingly relevant 
issue. Stuctural Integrity calculation methodologies are nowadays directed by international standards 
and guides, and supported by newer results of applied research, technical development and best 
engineering practices. Although application of the latest achievements of experimental methods (e.g. 
destructive, nondestructive material testing methods) and information technology (data acquisition 
systems, high performance computing) highly contributed to improving the accuracy of safety 
evaluation of large-scale pressure vessels, predictive power of the standard analysis methodology has 
not improved significantly (e.g. the load history effects are poorly described by these calculations). From 
theoretical point of view, these methodologies are mainly based on the widespread 

,

#088 83



   Ana Marques et al, Static Elasticity Modulus 
 

Static Elasticity Modulus Analysis of Coating Mortars 

Ana Isabel Marques1, João Morais2, Carlos Santos2, Paulo Morais2, 

Maria do Rosário Veiga3 

1Buildings Department, National Laboratory for Civil Engineering (LNEC), 

Av. do Brasil 101, Lisboa, 1700-066 Portugal, aimarques@lnec.pt 
2Scientific Instrumentation Centre, LNEC 3Buildings Department, LNEC 

Abstract: Coating mortars should have the ability to deform, without critical failure, when 
subjected to loading actions, thermal cycles or shrinkage of the mortar itself. When the mortar 
cannot cope with these deformations, internal stresses arise in the coating. This can lead to 
cracking, which is one of the most frequent and damaging anomalies in building facades. To 
minimize this issue, knowledge of the coating mortar
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The ability of a material to arrest a fast-running brittle crack is vital in various industries 
such as offshore wind, oil and gas, and shipbuilding where cracks can initiate in regions of local 
stress and put lives at risk. Some modern steels show a high Charpy toughness, but low 
resistance to crack propagation 
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Laser Shock Peening (LSP) leads to a retardation of the Fatigue Crack Propagation (FCP) in 
metallic components by introducing high compressive residual stress fields. Besides the high 
value of compressive residual stresses, which can be close to the yield stress, these residual 
stress fields are characterized by a relatively high penetration depth compared to other methods 
such as shot peening. LSP uses short high-energy laser pulses to vaporize the surface material. 
The vaporized material is turned into plasma, whereby the plasma pressure causes a mechanical 
shock wave travelling through the material. A sacrificial layer, also referred to as ablative layer, 
can be used to produce high surface quality. After relaxation of the system, local plastic 
deformations resulting from the mechanical shock wave lead to the residual stress field. As the 
residual stresses need to satisfy the equilibrium, tensile residual stresses are always generated 
as well. Tensile residual stresses accelerate the FCP, so the introduced residual stress field must 
be known in detail to guarantee an efficient application of LSP. 

In this work, a multi-step simulation strategy is applied and validated to predict the FCP in 
LSP-induced residual stress fields [1].The multi-step simulation consists of (i) an LSP process 
simulation [2] (ii) a transfer method of plastic strains from the LSP process model to an FCP 
model based on the eigenstrain method, (iii) the calculation of the residual stresses in the FCP 
model and the FCP simulation to predict the crack-driving stress intensity factors and the 
calculation of the FCP rate using FCP equations, particularly the NASGRO equation, Walker's 
equation and Paris' law. The multi-step simulation is validated using an `experimental 
simulation', where predicted crack-driving stress intensities are applied to an unpeened 
specimen. The `experimental simulation' agrees well with experiments using peened specimens 
and thus validates the predicted stress intensity factors. In addition fatigue crack retarding and 
accelerating mechanisms are shown and discussed. 
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Abstract  Flywheels are one of the more promising energy storage devices for stabilizing 
the power quality of reusable energy, owing to their fast response time and high cycle lifetime. 
However, it can be catastrophic when they fail, because they store kinetic energy that can be 
released in a short amount of time. Data-driven monitoring techniques have been proposed to 
solve fault detection tasks in several types of rotation machinery with ball bearings. In contrast 
to traditional approaches using human-engineered features that require a high level of expertise, 
a data-driven approach requires no such prior knowledge. However, flywheels differ from 
typical rotation machinery because they use a magnetic or pivot bearing, and it is unclear 
whether a data-driven method can be used to detect a fault. Hence, the aim of the present study 
is to evaluate the effectiveness of a data-driven fault detection system for flywheels that use 
pivot bearings. A flywheel fault progresses in several stages. Initially, there is a loss of helium 
that is originally filled inside the flywheel. Subsequently, degeneration of the oil around the 
pivot can be confirmed before a final breakdown. However, directly detecting these signs is not 
easy. Therefore, we aim to construct a system that can detect each of the stages using vibration 
data that can be collected easily by attaching an accelerometer externally. Vibration data were 
collected for a flywheel running at three statuses: healthy, no helium, and oil degeneration (bad 
oil). The respective data for these conditions were collected for 107, 21, and 7.7 hours. Using 
the collected data, a convolutional neural network (CNN), one of the most successful data-
driven methods, was trained to classify a given vibration data to the aforementioned three 
statuses. The CNN takes a feature extracted from the raw vibration data as an input, and outputs 
the posterior probability of each status. The feature extraction is achieved by applying a fast 
Fourier transform to the vibration data, and the system is evaluated by a five-fold cross-
validation. The developed system yielded a high average accuracy (99.97%), and the confusion 
matrix of classifier outputs is shown in Table 1. 

Table 1 
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Abstract Friction stir welding (FSW), a promising solid-state joining process, has gained 
significant importance to successfully join dissimilar metals and alloys. The friction between 
the non-consumable rotating tool and workpiece along with the adiabatic plastic deformation 
of the workpiece generates heat that softens the workpiece material however no melting takes 
place. The plasticized material flows around the tool pin, mixes and joint formation takes 
place primarily due to solid state diffusion. However, selection of tool pin profiles, process 
parameters are important to avoid formation of defects like tunneling, voids, etc. generally 
appears due to improper heat input, flow and/or mixing of materials. The present study 
focuses on successful joining between AA6061-T6 and AA2014-T6 alloys in order to achieve 
joints with minimum or no void and maximum tensile strength of the joints. Two different 
tool pin profiles i.e. threaded with three intermittent flat faces (TIF) and truncated square 
pyramidal shaped (front appearance of trapezoidal tapered) (TPZ) tool pin were selected. 
Dissimilar FSW of AA6061-AA2014 was carried out at combinations of tool rotational speed 
(660, 900, 1200 rpm) and weld traverse speed (36, 63, 98 mm/min). Transverse tensile 
samples were prepared and tested at Zwick/Roell Z050 tensile testing machine (capacity 50 
kN) at cross head speed of 0.5 mm/min. Contact type extensometers of 25 mm gauge length 
were used to record yield strength (0.2% offset strain). Each test was repeated three times and 
macroscopic observations of failure of the joints were performed in addition to the 
fractographic studies using scanning electron microscope. Results revealed that for TIF tool 
pin, the maximum joint tensile strength was achieved at 1200 rpm tool rotational speed with 
98 mm/min weld speed (as represented in Figure 1(a)). On contrary, with TPZ tool pin the 
maximum joint strength was recorded for joints prepared at 660 rpm tool rotation and 63 
mm/min weld speed. On both cases, the tensile failure of the joints initiated and propagated at 
the advancing side (AA6061-T6) wherein failure in joint prepared with TIF tool pin took 
place through the interface of heat affected zone (HAZ) and base metal however, for the case 
of TPZ tool pin joint failure was observed at interface of stir zone (SZ) and thermo-
mechanically affected zone (TMAZ). Detailed metallurgical characterization of different weld 
zones and fractographic studies were also performed.      
 
 

 

 

 

 

 

 

Figure 1 
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Abstract  In producing processes there are components that are exposed to a high degree of 
abrasion. The paper is presenting the criteria for the selecting of chemical composition for 
white chromium cast iron that has the high abrasion resistance and increased fracture 
resistance. The results of experiments focused on the selection of the alloying element 
combination that can produce a predominantly austenitic matrix with the big portion of the 
carbide components are presented. The compositions of developed two types of chromium 
cast irons that have high resistance for fracture and abrasion in as-cast state are given. The 
base information on the producing method and on the service properties of these cast irons, 
which were successfully put in practice are presented  
 

 

Figure 1 
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Abstract  The criterion of pipeline operation safety presents the ratio between the burst 
and the operation pressure. Correctly set values of burst pressure in the pipelines are a distinct 
task only in case of ideal pipe, as for such a case, there exist an analytical solution. In the 
actual operation however, the burst pressure value is influenced by the floor status, pipe 
surface corrosion defects, and further aspects, which can hardly be quantified. The authors 
state in the article, that the utilization of semi-empiric relations from the standards DNV-RP-
F101 or ASME B31G, can lead to biased results. Experimental measurements of burst 
pressures can quantify these biases. The methodology of destructive pressure calculation for 
pipeline with local weakness of wall thickness using the numerical models which are verified 
by direct measuring of those pressures is presented. 

 

Figure 1 
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Abstract A Greek Company generates electricity via combined cycle using natural gas. 
The air passes through the inlet to the compressor. The compressed air is mixed with the 
preheated fuel and then ignites; producing exhaust gases and makes the gas turbine blades 
spin. The turbine shaft drives this energy to a generator shaft, converting part of the spinning 
energy to electricity. Then, a steam generator uses the exhaust heat from the gas turbine as 
recovery energy, in order to create steam and deliver it to the steam turbine producing 
additional electricity. The steam is then condensed back to water and recycled. The 
condensation procedure is enhanced by using forced draft 
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Abstract A Greek Company generates electricity via combined cycle using natural gas. 
The air passes through the inlet to the compressor. The compressed air is mixed with the 
preheated fuel and then ignites; producing exhaust gases and makes the gas turbine blades 
spin. The turbine shaft drives this energy to a generator shaft, converting part of the spinning 
energy to electricity. Then, a steam generator uses the exhaust heat from the gas turbine as 
recovery energy, in order to create steam and deliver it to the steam turbine producing 
additional electricity. The steam is then condensed back to water and recycled. The 
condensation procedure is enhanced by using forced draft 
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  T. Oplt et al, Plasticity induced crack closure 

compared first with experimental data [2] performed on middle tension (MT) specimens made 
from EA4T railway axle steel, see Fig.1. Based on this comparison best strategy for numerical 
modelling of plasticity induced crack closure was found. It has been observed that generally 
adopted suggestions as length of crack growth or number of substeps are not necessarily valid 
in general, but requires to be individually specified for different conditions. Based on this 
knowledge, three-dimensional model of the structure was prepared, see Fig.2. 

 
a) 

 
b) 

Figure 2 - M(T) specimen (a) and FE model with detail of mapped mesh in the crack 
advancing area (area between a0 and af ) (b) 

 

Three-dimensional model of the structure allows to evaluate the distribution of the plasticity 
induced crack closure along the crack front. Both cases, straight crack front and crack with real 
curvature observed experimentally are compared. Presented results can help to describe more 
accurately crack propagation in three-dimensional structures, taking into account effect of the 
free surface on crack propagation.  

[1] Elber W. Fatigue Crack Closure Under Cyclic Tension. Eng Fract Mech 1970;2:37
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Abstract Fatigue crack initiation and propagation in engineering structures could lead to 
fatigue failure with disastrous consequences. In the case of variable amplitude loading one of 
the most significant factors which influence fatigue lifetime is threshold value. This value 
separates a load spectrum into two parts: first part with cycles of high load amplitudes which 
contributes to crack propagation and second one with cycles of low load amplitudes which 
does not. This work shows a strong influence of humidity on measured threshold values for 
three different steels (steels EA4T and EA1N used for manufacturing of railway axles and 
steel S355J0 used for constructions of structural elements of bridges or cranes). In the case of 
railway axle steels the M(T) specimens (with parameter 2W=60 mm, thickness t=5 mm) were 
used and fatigue crack propagation tests were measured at load ratio R = -1. First part of 
specimens was measured in laboratory air (with natural humidity) and second part was 
measured with special chamber for reduction of humidity, see Figure 1. In the case of EA4T 
there is a drop of threshold value Kmax,th from 7 MPam1/2 (naturally humid air) to 4.4 MPam1/2 

(dry air), see details in [1]. 

 

Figure 1 - Effect of humidity on threshold value �± railway axle steel EA4T 
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Similar behaviour exhibits steel S355J0 used mainly in civil industry, see Figure 2. In this 
case influence of humidity on threshold value was experimentally determined at CT 
specimens (with parameter W=50 mm, thickness t=10 mm) at load ratio R = 0.1. The 
measurement of fatigue crack growth rates was done in two different periods of year: summer 
and winter. In summer natural relative humidity in laboratory was in range from 50-65%, but 
in winter natural humidity in laboratory was below 30%. Summer conditions lead to 
threshold value Kmax,th  7-10 MPam1/2 and winter conditions (when air is naturally dry) to 
4.5-5 MPam1/2. 

 

Figure 2 - �± effect of humidity on threshold value �± steel S355J0 

Measured reduction in threshold value is dominantly caused by phenomena of oxide induced 
crack closure, see [1] or [2]. Measured drop in threshold values which is caused just by 
change of humidity level is so immense, that there can be enormous change in fatigue 
lifetimes. Therefore, effect of humidity should be considered for fatigue lifetime predictions 
and environmental spectra could be important for such type of steels. 

[1] Pokorný P, Vojtek T, Náhlík L, Hutar P. Crack closure in near-threshold fatigue crack 
propagation in railway axle steel EA4T. Eng Fract Mech 2017;185:2�±19. 
doi:10.1016/j.engfracmech.2017.02.013 

[2] Suresh S, Zamiski GF, Ritchie RO. Oxide-Induced Crack Closure: An Explanation for 
Near-Threshold Corrosion Fatigue Crack Growth Behavior. Metall Trans A 1981;12:1435�±43. 
doi:10.1007/BF02643688. 
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Abstract When transplanting bone tissue is not a possibility, tissue engineering is 
responsible for developing solutions to substitute the functions of the missing bone structure or 
support the process of bone regeneration. One of the most important solutions is the use of 
scaffolding. Scaffolds can be used to fulfill this mission by supporting the loads that were 
applied to the missing bone, supporting the cell regenerating process, allowing for the necessary 
nutrients and oxygen diffusion and delivering growth factors or drugs. Therefore, a feasible 
scaffold must be fabricated in a material with the necessary mechanical strength and that is non-
toxic and biocompatible. The geometry design must support static and dynamic loads up to 20 
MPa in order to replace human trabecular bone. Also, it should generate macro and micro pores 
to support cell growth and mineral precipitation, while all pores should be interconnected for 
nutrient and oxygen diffusion. In this paper two different scaffold geometries were analyzed. 
These scaffolds were produced by fused filament fabrication (FFF) of Poly(lactic acid) (PLA), 
using a commercial 3D printer (Blockstec-Zero). PLA is a biodegradable polymeric material, 
allowing for a customizable and inexpensive production of scaffolds for biomedical implants. 
Specimens were fabricated according to ASTM-695 standard (12.7x12.7x25.4 mm) using two 
different layouts. Figure 1 a) shows the orthogonal configuration with 90º between layers, while 
Figure 1 b) shows the isometric configuration with 120º between layers. All specimens were 
produced with 50% porosity and a theoretical distance of 0.8 mm between each filament. A 
nozzle of 0.4 mm in diameter was used, and the scaffolds were produced at 215ºC with a 
deposition rate of 30 mm/s. The specimen morphology was analyzed by scanning electron 
microscopy (SEM). It was possible to verify that scaffolds pores are interconnected, and the 
final scaffold dimensions are in good agreement with the theoretical ones. Several different FFF 
defects were also identified. Both geometries were fatigue tested using different load 
amplitudes, with a frequency of 0.25 Hz, until 3600 cycles. The specimen height during the test, 
the strain amplitude, deformation energy and the compression modulus were proportional to 
the applied stress amplitude. Lower stress amplitudes lead to a stable strain cycle and constant 
compression modulus, while higher stress amplitudes lead to an increased compression 
modulus due to layer collapse. The orthogonal scaffold showed an improved behavior with the 
compression modulus reaching 680 MPa, when a maximum stress of 14.4 MPa was applied. 
Therefore, both scaffolds show the potential to be used as implants for bone replacement in 
dynamic applications. 

a)  b)  

Figure 1 �± SEM 40x (a) Orthogonal and (b) Isometric Scaffold Layouts. 
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Abstract Fatigue is still one of the main concerns when dealing with mechanical 
components failure. While it is fundamental to experimentally determine the fatigue material 
behavior using standard specimens, testing large and complex component geometries can be 
complicated. In these cases, the Finite Element Method (FEM) can be a cost-effective solution 
but developing fatigue crack growth models is still a complicated task. In order to solve this 
problem, an algorithm for automatic crack propagation was developed. Using three different 
modules, the algorithm can generate a complex FEM model including a fatigue crack; solve 
this model even considering complex loading conditions, by applying the superposition 
method; and calculate the fatigue crack propagation rate, using it to update the original model. 
The algorithm uses Python for the first module, Abaqus to solve the FEM problem and Matlab 
to update the model with the obtain fracture parameters. In order to benchmark this solution 
two different problems were analyzed. A modified compact tension (CT) specimen (Figure 1 
a)) was modeled, including a hole with variable center location, to assess the performance of 
the algorithm when simulation fatigue crack growth in mixed mode conditions. By modifying 
the specimen hole location and by simulating an initial crack, it was possible to understand how 
the mixed mode conditions influence the fatigue crack path. The hole can attract the crack and 
be considered a sink hole, or the crack may be deflected but still miss the hole. It was possible 
to verify that the crack behavior is mainly influenced by the hole to crack vertical distance. In 
order to assess the influence of the loading conditions in the fatigue crack path, a cruciform 
specimen (Figure 1 b)) was modeled. The crack propagates in biaxial mode conditions and the 
crack trajectory depends on the proportional load ratio. Different initial crack directions were 
analyzed, showing that the crack will always propagate in a straight line if the load ratio is equal 
to one. Increasing the load ratio will then increase the crack deflecting angle. and the crack 
deflection angle increases with the load ratio. The obtain solutions were compared with 
experimental results showing good agreement. Therefore the developed algorithm can be used 
to predict the fatigue crack growth behavior on complex geometries and when different types 
of loads are applied to the component. 

a)  b)  

Figure 1 �± (a) Modified CT and (b) Cruciform specimens 
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Abstract  Creep-ratcheting-fatigue properties of bainitic 2.25Cr1MoV forged steel  were 
investigated at 455oC. Peak and peak/valley holding periods were incorporated to explore the 
effect of creep on ratcheting-fatigue during cyclic loading. The peak/valley stress holding 
widened stress-strain hysteresis loop, while creep strain produced. Long peak stress holding 
period brought high strain energy density. Creep strain produced during peak holding 
transformed from instantaneously reversible to permanently irreversible as holding period 
extended from 2 s to 60 s. The elongation of either peak or peak/valley holding period would 
elevate the minimum strain rate of the steady ratcheting deformation stage and therefore 
shorten fatigue life. The linear damage summation rule gave satisfactory predictions for peak 
holding mode, but provided unsafe estimations for peak/valley holding mode, which were 
improved by introducing stress ratio into the evaluation of creep damage. However, 95% of 
fatigue lives in ratcheting-fatigue and creep-ratcheting-fatigue conditions predicted from the 
minimum strain rate method fell within a scatter band of 1.5. Therefore, minimum strain rate 
was considered as a critical control parameter of creep-ratcheting-fatigue life.  

 

Figure 1 �± fatigue life prediction 
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Abstract  Additive manufactured (AM) parts made in TiAl6V4 alloy are increasingly used in 
medical devices and aeronautical industry, because of its high strength, low weight and 
excellent biocompatibility. Most of these components work under environmentally assisted 
cyclic loading, i.e. the corrosion-fatigue. Fatigue performance of additive manufactured alloys 
is significantly influenced by the porosities, residual stresses, which can be reduced by 
optimizing the process parameters, thermal treatments or hot isostatic pressing (HIP). Porosities, 
residual stresses and anisotropic microstructure of the AM materials can also contribute 
significantly to the propagation of cracks under corrosion-fatigue, needing steel significant 
research work.  

Current work studied the fatigue crack propagation of titanium TiAl6V4 specimens produced 
by selective laser melting (SLM), comparing the response of samples subjected to stress release 
treatment and HIP processes. Environmental effect was obtained studying the corrosion-fatigue 
crack propagation in corrosive solutions, namely artificial saliva. Tests were performed using 
standard 6 mm thick compact specimens (CT) and tested at R=0. The main objective was to 
study the effect of the heat treatment and environment solution on da/dN-�¨�.���F�X�U�Y�H�V���D�Q�G���R�Q���W�K�H��
fatigue failure mechanisms. 
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Abstract Integrity of natural gas transmission systems is of great importance for energy and 
environmental security. Deterioration occurs in natural gas transit pipelines due to operational 
conditions and action of corrosion and hydrogenating media and leads to changes in 
microstructure and mechanical properties of pipeline steels, which influenced on pipeline 
performance. Hydrogenation of metal during corrosion process together with working stresses 
facilitates a development of in-bulk damaging at nano- and microscales. It provokes not only 
a development of macrocracking in pipes but also is often the main reason of decrease of 
pipeline steels characteristics of brittle fracture resistance under long-time operation. 
Reducing the fracture and impact toughness and increasing susceptibility of pipeline steels to 
stress corrosion cracking, which increases significantly a risk of uncontrolled failure of gas 
pipelines by subcritical crack propagation, is associated with in-bulk material degradation. 
Therefore hydrogen assisted degradation of transport pipelines steels under operation calls for 
effective methods for in-laboratory accelerated degradation. The present study is devoted to 
the development of the procedure of laboratory simulation of in-service degradation of 
pipeline steels. The procedure of accelerated degradation of pipeline steels under the 
combined action of axial loading and hydrogen charging was developed and induced in the 
laboratory. The steel specimens before testing were subjected to in-laboratory accelerated 
degradation procedure, consisted in consistently subjecting of the specimens to electrolytic 
hydrogen charging, to an axial loading up and to an artificial aging. Pipeline steels in different 
states (as-received, post-operated and after in-laboratory degradation) were investigated. The 
tensile mechanical behavior of pipeline steels was experimentally studied. Susceptibility to 
stress corrosion cracking and impact toughness of tested pipeline steels were estimated. The 
characteristics of the operated pipeline steels were compared with the properties of pipeline 
steels after accelerated degradation.  
It was definitely concluded that the applied procedure causes the changes in the mechanical 
properties of the metal at the same level compared to the properties degradation due to long-
term operation. The developed procedure of in-laboratory accelerated degradation of pipeline 
steels enables, on a laboratory scale, simulating of the degradation of the pipeline steel during 
long-term operation under simultaneous action of hydrogenation and working loading, and it 
makes it possible to predict the susceptibility of operated pipeline steels to stress corrosion 
cracking. 
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Abstract:  The high strength steel S355 is frequently used in civil engineering to design 
bridges, its elements or simple engineering parts. The properties of the steel lead to savings 
both material�¶�V and economical meeting strict construction requirements. From this reason, 
fatigue resistance of the material is in focus of researchers. Results obtained from 
experimental observations provide reliable inputs to lifetime assessments and numerical 
simulations of bridge structures and other constructions. As these constructions are designed 
for a long life, we have studied the properties of material in the field of high-cycle and very 
high-cycle fatigue. Tests of two standard S355 J0 and S355 J2 steel grades were performed on 
ultrasonic fatigue testing system. Both steels exhibited fatigue behavior in gigacycle region 
while S355 J2 exhibited higher number of cycles to failure. Fracture surfaces were studied 
and showed both surface and subsurface crack initiation.  
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Abstract: Carbon Fiber Reinforced Plastics (CFRP) laminates are tested using Acousto-
Ultrasonic Approach. The materials are subjected to out of plane impact and the Acousto-
Ultrasonic Approach is used to test the materials both before and after the impact event. The 
Waveform of the recorded signal before and after the impact is used to characterize the 
structural integrity of the material. The recorded Waveforms are decomposed into lower levels 
to identify the frequency band associated with the recorded signals. Wavelet Packet Transform 
(WPT) analysis was used to decompose the Wavelets. The WPT analysis is preferred over the 
conventional Discrete Wavelet Analysis (DWT) owing to the possibility of analyzing both the 
approximation and details of the decomposed Wavelet. From the WPT results, the spectral 
energy in the time domain associated with each of the recorded wavelets are analyzed. The 
spectral energy is successfully used to characterize the integrity of the CFRP material before 
and after the impact event. The magnitude of the spectral energy in both the longitudinal and 
transverse direction of the specimen is observed to be lowered after the impact event. Using 
this technique, it is possible to characterize the integrity of the material even before it is 
subjected to loading.  

 

Figure 1 �± Spectral Energy of the Recorded Waveform in Transverse Direction after 
Impact 
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Abstract: The fatigue failure of Polymethyl Methacrylate (PMMA) polymer material 
components of an automotive lamp is a common occurrence. Currently, because of complex 
structural elements, virtual prototypes are not available. Lamp assemblies are subjected to 
accelerated random vibration tests during design to assess their integrity over a life time 
exposure to random vibration loading. Often, the optical components made of PMMA fail by 
fracturing during accelerated random vibration test. This results in a costly and time 
consuming design cycle as design changes and modification of the injection moulding tool are 
needed. Numerically predicting the fatigue life of this optical component prior to producing 
an assembly prototype will eliminate these shortcomings. However, there are challenges in 
numerically predicting the fatigue of polymers. The polymers exhibit complex behavior 
during deformation - the stress-strain relationship of polymers is notably non-linear within the 
elastic limit and they also exhibit inter-sample variation due to manufacturing processes. The 
key to developing an accurate model to predict the fatigue life of PMMA material is a good 
understanding of its complex behavior. 

The objective of this paper is to develop a robust numerical fatigue life prediction model for 
PMMA polymer material of automotive lamp components subjected to random vibration 
loading, with consideration for material non-linearity. The fatigue life based on initial elastic 
modulus and secant modulus is predicted using ANSYS software and compared to the 
experimentally obtained fatigue life. Three fatigue life prediction models, Steinberg, Narrow-
Band and Wirsching were used. Twelve specimens cut-out from injection moulded optical 
blades of PMMA were tested to obtain the fatigue life. All the specimens have a double sided 
u-notch positioned 10mm from the clamp and block steel was bonded to the tip to generate 
weight. The specimen connected to the test fixture was driven by electrodynamic shaker using 
standard automotive random vibration loading. 

The average experimental fatigue life was obtained from the twelve specimens tested. The use 
of initial elastic range based modulus gives fatigue life that is 47% lower than the 
experimental result, while for the secant modulus based analysis, the fatigue life accurately 
matches the experimental result with only 1.6% difference.  The significant error in the result 
of initial elastic modulus clearly reflects the evidence of material non-linearity. The numerical 
result is based on Wirsching fatigue model, which provides a more accurate prediction than 
Steinberg and Narrow-Band models.  
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Abstract: The objective of this paper is to measure the dynamic response transmissibility and 
fatigue life of vacuum cast Polyurethane polymer material used in the construction of 
automotive lamps. Polymers used in automotive lamps, if mass produced, are injection moulded. 
For Ultra Low volume production, however, the cost of tooling for these traditional 
manufacturing methods is often very high. Hence, alternative approaches such as Silicone Tool 
�± Vacuum casting are used. These alternative approaches may result in inferior dynamic 
performance, which is the subject of this research. 

Automotive lamps, like other automotive components, are subjected to vibration loading during 
vehicle operation. In order to ensure that the lamps are robust enough to withstand the exposure 
to this vibration loading over their life cycle, durability tests are performed during the design. 
The light weight, good mechanical properties and design flexibility of polymers make them the 
preferred choice of material for constructing automotive lamps. However, the vibration induced 
fatigue failure of lamp assembly of polymer materials during the durability testing is notably 
challenging. Designing a robust lamp assembly essentially requires a good understanding of 
the dynamic behavior and fatigue life of materials involved. 

In this paper, the dynamic response and fatigue life of vacuum cast polyurethane are assessed. 
The specimens for dynamic response and fatigue testing were cut-out from a vacuum cast 
polyurethane plate. An instrumented beam was mounted on a shaker table and using sine sweep 
base excitation the dynamic response was measured. Using measured acceleration, response 
transmissibilities were calculated. The degree of nonlinear behavior was investigated by 
varying the input amplitude. The bending fatigue properties were measured using a 4-point 
bending based resonance test apparatus. The apparatus with the test specimen was mounted on 
the shaker to generate base input. The beam was then excited at the first natural frequency but 
at varying base acceleration to find the fatigue properties. A series of tests were carried out to 
obtain average performance parameters.  

The dynamic response shows nonlinearity, as expected of polymers, and large variation in 
dynamic response is observed from 1m/s2 to 30m/s2 input loading. Above 30m/s2 input, the 
variation in the dynamic response becomes minimal. The obtained fatigue life curve shows 
scatter which increases as the loading decreases. The microscopic fractography of the fatigued 
specimens shows morphological variation. An in-depth discussion of this phenomenon is given. 
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Abstract  Airframes of commercial aircrafts offer the greatest challenge to realize lightweight design. 
To achieve weight reduction of the aircraft and to improve passenger safety at the same time, lightweight 
load-bearing structures of high performance have to be developed. For metallic fuselage, one innovative 
way is to use welding instead of riveting. Due to significant advantages pertaining to production costs, 
weight, and corrosion resistance, there is an increasing use of advanced joining technologies such as 
laser beam welding (LBW) and friction stir welding (FSW) for the production of metallic civil aircraft 
structures [1].  
 
The two joining techniques LBW and FSW lead to a type of structure that is close to an integral structural 
design. This design offers benefits from the weight-reduction and manufacturing-cost points of view. 
The reason why these techniques do not find a more widespread application is clearly linked to the 
inferior damage tolerance behavior of the welded integral structures [2]. To assure safety requirements 
as well as to achieve further gains in structural performance of welded structures, local modification 
technologies should be implemented [3-8]. One of the most important concerns in the design of airframe 
structures is related to fatigue issues [2]. Therefore, before welding is widely applied in more sensitive 
areas of the fuselage construction, it is necessary to achieve significant improvements in fatigue 
resistance and residual strength of the welded structure. In this context, the residual stress-based methods 
can be applied, which can significantly improve the fatigue behavior of the metallic structures [3]. 
 
The present study deals with innovative joining processes applied to high-strength aluminum alloys used 
in the aircraft industry and displays their advantages compared with the riveting technique regarding 
structural integrity, weight and material savings. Since the development and industrial implementation 
of CO2 LBW for aluminum airframe fuselage components at Airbus by the end of last century [2], local 
engineering techniques were further developed, that can significantly improve the fatigue resistance of 
fuselage structures [3-8]. The present works demonstrates current achievements in application of local 
engineering techniques for airframes. The techniques are based either on optimization of structural 
design (e.g. introducing of systematic thickness variations [4]) or on introduction of beneficial residual 
stresses using advanced laser processes such as laser heating [6] and laser shock peening [7]. 
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Abstract Ice wall formation is one of the most frequently used techniques for 
waterproofing of mines constructed in water-saturated rock massifs. In this work, we have 
developed a complex intelligent monitoring system for control of formation of ice wall at the 
first shaft of the Petrikov mine. The system includes hydro-observation and temperature 
monitoring wells combined with simulation module. The two hydro-observation wells of depth 
82 m and 202 m located around the periphery of the mine shaft. The several wells are used for 
temperature monitoring by original fiber-optic measuring system developed at the MI UB RAS.  

At the beginning of the monitoring process, we observed contradictory indications of 
ice wall closing moment by hydro-observation and temperature monitoring parts of the systems. 
One of the possible explanation of this effect is initiation of intensive cryogenic suction. To 
study this effect we introduced in the simulation module three models of ground freezing, which 
variously consider (in different combination) the key effects observed during the propagation 
of the phase transition front in a saturated soil (the nonequilibrium moisture content in the soil 
at negative temperatures, kinetic peculiarities of water-ice transition in a porous medium and 
redistribution of moisture in partially saturated soil). 

Based on the detail simulation model we have shown that moisture content inside the 
closed ice wall can decrease due to water migration towards the phase transition front, which, 
consequently, slows down the water yield of hydro-observation wells. Analysis of the solution 
of the problem on the coalescence of two frizzing zones showed that the redistribution of 
moisture content leads to a decrease of humidity in the coalescence region and, as a 
consequence, to inhomogeneous content of ice in the ice wall. In particular, the difference in 
ice content was by more than 30% at the points near the freeze column and at the points of 
closure of the frozen zones. 

The redistribution of moisture content is pronounced in partially saturated soil in the 
inner closed region of the growing ice wall. The motion of the liquid towards the front of phase 
transition leads to a drop of humidity within the cylindrical ice wall by more than 10%. This 
effect can compensate for the pressure caused by a compression of the soil horizon during the 
water-ice phase transition and cause the slowing down of the water yield of the hydro-
observation wells. 

The complex model allows us to increase a precision and predictive ability the 
monitoring system and well control the process of formation and deformation ice wall at first 
shaft of the Petrikov mine. 

The work was supported by the Russian Science Foundation (grant No. 19-77-30008). 
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Abstract  Fibre reinforced polymers are important materials used in aviation due to their 
excellent specific properties enabling the reduction of fuel consumption. For example, carbon 
fibre reinforced epoxy resins are used in fuselage and wing structures. Glass fibre reinforced 
phenolic resins are mainly used for the interior panels due to their low weight and favourable 
fire properties. All these composite materials used in aviation have one thing in common: they 
are man-made. Renewable materials like bio-fibres and bio-resins are under investigation for a 
long time for composites but they did not made it into modern aircraft in high amounts yet.  

The project ECO-COMPASS under Horizon 2020 aims to bundle the knowledge of 19 
partners from China and Europe to develop ecological improved composites for the use in 
aircraft interior and secondary structures. Bio-based reinforcements, epoxy resin and sandwich 
cores are developed and improved for their application in aviation. Furthermore the use of 
recycled carbon fibres to increase the mechanical strength and multifunctional aspects of bio-
composites are evaluated. In order to withstand the special stresses in aviation environment, 
protection technologies to mitigate the risks of fire, lightning and moisture uptake are under 
investigation. An adapted modelling and simulation will enable the optimization of the 
composite design. Electrical conductive composites for electromagnetic interference shielding 
and lightning strike protection are under investigation in ECOCOMPASS as well. The 
cooperation includes the exchange of knowledge and materials in order to optimize the 
development of ecological friendly composites.   

The aim of the presentation at the ICSI2019 conference is to give an overview of the project 
objectives and its special background with the collaboration of Chinese and European partners. 
Selected topics and final results of the ECO-COMPASS project will be presented.  

�7�K�L�V�� �S�U�R�M�H�F�W�� �K�D�V�� �U�H�F�H�L�Y�H�G�� �I�X�Q�G�L�Q�J�� �I�U�R�P�� �W�K�H�� �(�X�U�R�S�H�D�Q�� �8�Q�L�R�Q�¶�V�� �+�R�U�L�]�R�Q�� ���������� �U�H�V�H�D�U�F�K�� �D�Q�G��
innovation programme under grant agreement No 690638 and the Special Research Plan on 
�&�L�Y�L�O�� �$�L�U�F�U�D�I�W�� �R�I�� �0�L�Q�L�V�W�U�\�� �I�R�U�� �,�Q�G�X�V�W�U�\�� �D�Q�G�� �,�Q�I�R�U�P�D�W�L�R�Q�� �R�I�� �W�K�H�� �3�H�R�S�O�H�¶�V�� �5�H�S�X�E�O�L�F�� �R�I�� �&�K�L�Q�D��
(MIIT) under Grant No MJ-2015-H-G-103.   
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Abstract  The work is devoted to experimental investigation and numerical of freezing and 
thawing processes of the water-saturated porous soil. As is known, the thawing and freezing 
processes of porous media are accompanied by the mass and heat transfer, the formation of 
cryogenic flows and changes in the stress - strain state of the medium. These effects have a 
significant influence on infrastructure and industry objects in north regions. Design and 
monitoring such objects need to develop numerical model which describes the adverted effects 
but every numerical model must be verified by natural experiments. Therefore, it is important 
to develop the laboratory setup for investigation of complex effects which accompany the phase 
transition in water-saturated soils. 

In this work the fiber Bragg gages (FBG) is applied for analysis of the freezing process in 
water-saturated sand. The experimental setup consists of temperature and deformation FBG 
sensors, which located in different sections of cylindrical specimen. The temperature FBG 
sensors are equipped with quartz shell for protection from deformation. Temperature of process 
also effects on deformation of FBG sensors. It is important to make temperature compensation 
procedure after measurements. 

Also in the present work the numerical simulation of freezing process was carried out. Two 
different models of phase transition are considered. The main difference between the models is 
the possibility to take into account non-equilibrium humidity during phase transition. 
Calibration of material parameters for sand and parametric identification of models are carried 
out by the solution of inverse problems. 

As a result, it has been shown the possibility to determine quality evolution of strain during 
the freezing in different areas of specimen using FBG sensors. The temperature compensation 
was performed to determine the value of strain. The temperature distribution in volume was 
obtained by protected temperature FBG sensors and confirmed by thermocouple detectors. The 
numerical simulation allows us to define material parameters of tested soil. The non-
equilibrium humidity and phase transition rate obtained by simulation are in a good agreement 
with the experimental results.  

The work was supported by the Russian Science Foundation (grant No. 17-11-01204). 
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Abstract  Friction Stir Welding (FSW) is a high performing solid-state joini�Q�J���S�U�R�F�H�V�V�����,�W�¶�V��
good mechanical performance and operational benefits have led its push for industrial adoption. 
However when welding in overlap configuration leads to significantly lower performance when 
compared to butt-joining, limiting the potential industrial application of this welding 
technology. To overcome this drawback hybrid Friction Stir Weld-Bonding, combining FSW 
and adhesive bonding (AB), has been proposed. Safety critical structural applications such as 
in aeronautical fuselages or automotive body in white (BIW), can be subjected to high strain-
rate loading. The performance of such joints when subjected to high-strain-rates is a critical 
input for design engineers and will be required for further adoption of the joining method in 
such structures. In this work a testing apparatus was developed to load single lap joints at 
varying high-strain-rates and Friction Stir Weld-Bonded joints were tested. Benchmarking was 
made against AB and FSW joints.     

 

 

Figure 1 �± Scheme of Friction Stir Weld-bonded joint 
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Abstract Nowadays, traditional concrete mixture uses as a binder well known Portland 
cement. However, the production of the Portland cement is not environmentally friendly, due 
to high production of CO2 in the fabrication process. In recent years, there are some trends to 
use secondary materials as a binder or as replacement of aggregate in the process of making the 
concrete mixture. This modified material uses alkali reaction in the hardening of fresh mixture, 
therefore an alkali activated concrete (AAC) term is used. This AAC is then used in formwork 
as it was traditional concrete, due to similar properties. Despite the use of advanced material, 
standards for structural design do not provide any instruction for practical application. 
Subsequently, the knowledge of fracture of this material is limited. The fracture mechanical 
properties help to perform advanced structural analysis, especially when some of the structural 
elements have a crack. The load presence on the structure can be divided into tensile, shear, and 
into combination of tension and shear. Therefore, it is necessary to perform test, which covers 
mixed mode I/II loading conditions. One of the tests usually used for the evaluation of fracture 
resistance of concrete is the Brazilian disc test with a central notch. This contribution evaluates 
the fracture resistance of alkali activated concrete, which will be used as a replacement for 
traditional structural concrete with cement binder, subjected to mixed mode I/II loading. The 
generalized maximum tangential stress (GMTS) criterion was used for the evaluation of the 
fracture resistance curve. 

 
 

(a) (b) 

Figure 1 - Brazilian disc with central notch �± loading scheme (a) and actual test 
setup (b). 
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Abstract: Today, multi-wire strands manufactured with high-strength cold-drawn lean 
duplex stainless steel are an emerging alternative to the conventional ones, made of cold-
drawn eutectoid steel to significantly reduce the stress corrosion risk when employed in 
prestressed concrete or in post-tensioned structures as stay cables. One of the uncertainties 
that raises from this application is the behavior of lean duplex wires under the combined 
action of cyclic tension and transverse loads that occur due to their mutual contact in the 
multi-wire strands or due to the strands deviation in the anchorage or floating coupling 
systems.  

In this view, present research experimentally assesses and compares the behavior of high-
strength lean duplex wires with that of prestressing eutectoid steel wires when subjected to 
such biaxial loadings, namely tensile fatigue and static transverse, local compression. The 
results indicate that both wire types, even when supporting transverse compression loads of 
almost 40% of their tensile strength, preserve the fatigue endurance limit required by the 
current standards for prestressing steel wires, free from transverse loads. The detected failure 
mechanisms in both cases, although similar at macroscale, are fully distinct at microscale and 
strongly related with each microstructure type (Fig 1).  

 

 

Figure 1. a) Sketch of the tensile fatigue test under transverse load showing the inclined 
failure origin; Fatigue marks in: b) Lean duplex stainless steel wire; c) Eutectoid steel wire. 
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Abstract  Three water tanks were required for the support backup system of the fuel operating 
group and cargo complex of the Lisbon Airport. The short timeline of the project was 
determined by two factors: the immediate need for the tanks and the job site located inside the 
airport, near the landing runway. The largest of the three tanks �± 20 m in diameter �± needed to 
hold about 1700 m3 of water. A post-tensioned precast concrete solution was assessed, allowing 
for greater quality control of the manufactured products, increased speed of installation and 
lower impact of the construction. As a result, a very thin, cost-effective, wall structure, made 
of prestressed concrete, was designed. The exterior wall panels were cast using a conventional 
concrete mix and were joined by post-tensioning. 
  

 

Figure 1 �± View of the largest tank 
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Abstract  Several studies indicate that the re-centring capacity presented by superelastic Shape 
Memory Alloys (SMA) can reduce the displacements of structures subjected to earthquakes. 
To quantify the errors of numerical predictions with different constitutive models, peak, relative 
and residual displacements of four two-frame reinforced concrete (RC) bridges, linked by SMA 
bars, subjected to seismic actions, were numerically assessed. Different ratios of the elastic 
natural period of vibration of the frames of the bridges were adopted. Lumped plasticity models 
were used to simulate the behaviour of the reinforced concrete columns. Five SMA uniaxial 
models were considered, combining linear, nonlinear, isothermal and nonisothermal conditions. 
The seismic action was modelled by real accelerograms.  

The results shown that the relative displacements are more sensitive to the adopted SMA 
model than the peak and residual displacements. Significant relative differences, up to 70%, 
were obtained.   
 
  

  

Figure 1 �± Model of the two-frame reinforced concrete bridges 
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On the Hydrogen State and Its Role in the Stress Corrosion Cracking of 

AZ31 and ZK60 Magnesium Alloys  

Evgeniy Merson 1, Vitaliy Poluyanov 1, Pavel Myagkikh 2, Dmitri Merson 1, Alexei 

Vinogradov 2  

1 Institute of Advanced Technologies, Togliatti State University, Belorusskaya str. 14, 
Togliatti 445667, Russian Federation, Mersoned@gmail.com 

2 Department of Mechanical and Industrial Engineering, Norwegian University of Science 
and Technology �± NTNU, N-7491 Trondheim, Norway 

Abstract  High susceptibility of magnesium alloys to the stress-corrosion cracking (SCC) 
is among the main reasons impeding their use by the industry. Although it is believed that the 
SCC of Mg is associated with hydrogen embrittlement, the exact role of hydrogen in the crack 
growth process is unclear. To address this issue in the present study the round specimens of 
AZ31 and ZK60 alloys were slow strain rate tensile (SSRT) tested in air as well as in 
corrosion solution. The gauge parts of the SSRT-tested specimens were subjected to the hot-
extraction hydrogen gas-analysis before and after chemical removing of corrosion products. 
For both the alloys strong drop of mechanical properties as well as substantial increase of 
hydrogen concentration due to the SSRT testing in corrosion media are observed. Before 
removing of corrosion products desorption of hydrogen is found in the whole temperature 
range from 25 to 450 °C However no detectable desorption of diffusible hydrogen (i.e. below 
300 °C) is found after removing of corrosion products. Therefore it is concluded that: (i) the 
concentration of diffusible hydrogen in the matrix of the alloys subjected to SCC is 
negligible; (ii) the desorption of hydrogen below 300 °C from the specimens covered with 
corrosion products is associated with decomposition of corrosion products. It is suggested that 
�D�F�F�H�V�V�� �R�I�� �G�L�I�I�X�V�L�E�O�H�� �K�\�G�U�R�J�H�Q�� �L�Q�W�R�� �W�K�H�� �P�H�W�D�O�¶�V�� �P�D�W�Uix is restricted by the surface film of Mg 
hydride and/or hydroxide which decomposition results in hydrogen desorption peak at around 
450 °C on extraction curves for both the alloys. The mechanism, including alternated 
formation and brittle cracking of the surface film of hydride, is assumed to be responsible for 
the SCC of AZ31 and ZK60 alloys. 

Financial support from the Russian Science Foundation through the grant-in-aid No. 18-
19-00592 is gratefully appreciated.  
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Part II: Tensile Test Results 
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Abstract The Hybrid Metal Extrusion & Bonding (HYB) process is a new solid state joining 
technique which, by the use of filler material addition, enables joining of both similar and 
dissimilar metals [1]. The present investigation is concerned with butt welding of 2 mm thin 
AA6060-T6 profiles at room temperature (RT), using the HYB process and AA6082-T4 as 
filler material. In the as-welded condition, the 1000 mm long butt weld is seen to be straight 
and free from global distortions. At the same time both weld faces appear slick and display a 
nice surface finish. This is shown in Figure 1. In the present investigation, a more detailed 
examination of the weld mechanical properties will be given, by focusing on transverse 
hardness measurements and tensile testing of the joint. The joint reaches a relatively high yield 
strength of 146 MPa, which is in the range of that reported for comparable friction stir welds 
produced using high strength 6000 series aluminum alloys as base material. 

 

(a) (b) (c) 
Figure 1 �± Photographs of the 2 mm AA6060-T6 HYB butt joint; (a) Overview of the as-

welded profile, (b) Close-up of weld face, (c) Close-up of weld root. 

1. Ø. Grong, L. Sandnes, and F. Berto, A Status Report on the Hybrid Metal Extrusion & 
Bonding (HYB) Process and Its Applications. Material Design & Processing 
Communications, 2019. 0(ja): p. e41. 
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Fatigue damage analysis of offshore wind turbine monopile weldments 

Romali Biswal, Ali Mehmanparast 

Renewable Energy Systems Centre, Cranfield University, UK 
 

Abstract Offshore wind turbines (OWT) are subjected to harsh environmental conditions in 
addition to the variable service loads. The present study is aimed at performing a realistic 
fatigue life estimation of the monopile structure using operational service loads recorded by 
online monitoring systems. Fatigue damage analysis has been conducted at the circumferential 
weld joints using finite element (FE) method by considering geometrical and material property 
discontinuities as well as welding residual stresses. Coupon scale modelling results on welded 
joints have shown that in as-welded condition, the weld toe is the critical site where cracks are 
most likely to initiate and propagate. The S-N fatigue design approach and maximum stress 
amplitude at the weld toe have been used to determine the fatigue crack initiation life in 
monopiles in the presence of residual stresses. Consequently, the remaining life of the monopile 
has been estimated by simulating the fatigue crack propagation using the stress intensity factor 
range as the appropriate fracture mechanics parameter. The results from the proposed approach 
show that a realistic life assessment can be made on monopile structures by accounting for the 
geometrical effects as well as residual stress distribution at the circumferential welds. 
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Research of fatigue durability construction GFRP under increased 
temperatures 

Lobanov Dmitrii S.1, Staroverov Oleg A.1 

1 Center of Experimental Mechanics, Perm National Research Polytechnic University, Perm, 
Russia, cem.lobanov@gmail.com 

Abstract  The actual tasks of the mechanics of composite materials are studies of the laws 
of deformation, fracture and mechanical behavior of composites under the influence of high 
and low (working) temperatures, climatic factors and working dirty environments. No less 
urgent task is to study issues related to the analysis of the conditions of destruction, the 
accumulation of damage and the survivability of composites during cyclic loads. In connection 
with the above tasks, the paper presents the results of experimental studies of the effect of high 
temperatures on the fatigue life of aviation structural fiberglass plastics. Studies were conducted 
at the Center for Collective Use of the Center of Experimental Mechanics PNRPU on an Instron 
5882 universal electromechanical test system equipped a temperature chamber with working 
temperatures from �±�������� �W�R�� �������ž�K and cyclic loads were conducted on electrodynamic test 
system ElectroPuls E 10000 equipped a temperature chamber with working temperatures from 
�±100 to 2�����ž�K. The longitudinal deformations of the samples were measured by an AVE Instron 
2663-821. The objects of the study were samples of structural fiberglass for aerospace purposes, 
which were manufactured by serial technology of autoclave molding from glass fiber prepreg. 

In the course of research, static mechanical characteristics were determined (refined), strain 
diagrams were constructed at normal and high temperatures, temperature dependencies of static 
tensile strength and elastic modulus were obtained, temperature dependences of fatigue life 
were obtained, and conditions for changing the fracture mechanisms of fiberglass samples were 
analyzed (fig. 1). 

 

 
Figure 1 - fracture of GFRP specimen after cyclic loads by increased temperature 

 
Acknowledgement. The research was performed at the Perm National Research 
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Phenomenological characteristics structural features research obtained 
during fibrous plastics standard tests  
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Abstract The analysis of standard and approved methods for composite materials testing 
samples was carried out. The choice and reason of the optimal research direction, the plan for 
experimental and theoretical work with regard to the capabilities and features of the modern 
experimental equipment was made. Formed a plan of experimental studies to determine the 
basic characteristics of composite materials under tension, compression and shear as well as 
advanced tests using nontrivial methods of tension and compression samples with a hole 
(ASTM D5766 and ASTM D6484), bending of a curved beam (ASTM D6415) and 
compression of plates after impact (ASTM D7136 and ASTM D7137). In addition, the task for 
the manufacture of non-trivial samples was set. 

CFRP samples were made in terms of 3D preforms in the form of strip samples in accordance 
with the requirements of ASTM D3039, ASTM D3410 and ASTM D5379. Standart 
(installation) test methods have been adapted for existing Instron equipment, with the 
corresponding methods formulated in the specialized Bluehill 2 software, and the necessary 
restrictions were set. Experimental studies of the polymer composite materials mechanical 
behavior were carried out according to standard methods for determining the installation 
characteristics of tension, compression and shear. The main mechanical characteristics of the 
presented composite materials are determined. Based on the test results, calculations of 
characteristics recommended by ASTM standards are carried out. In some cases, the tests were 
proceed using additional facilities for observation to increase the information content. 

The plan for theoretical studies and modeling was formed. A mathematical description and 
development of methods for modeling structures of composite materials in the working areas 
of samples were carried out. In accordance with the plan experimental research are conducted 
for three options: an effective isotropic area, an effective anisotropic area, and a layered 
composite with textural layers of an effective anisotropic area. Boundary conditions for their 
fixation and loading were set. The formation of finite element meshes and test calculations were 
performed. 

This work was carried out in Perm National Research Polytechnic University using the 
equipment of the Centre of Collective Usage «Complex test and diagnostic equipment for study 
of structural and functional materials properties under complex thermomechanical impacts» 
(http://www.ckp-rf.ru/ckp/353547/), with supported by the Russian Foundation for Basic 
Research (project No. 18-01-00763 A). 
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Mechanical behavior of structural steel under biaxial low-cycle fatigue at 
room and elevated temperatures 
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The results of experimental studies of the low-cycle fatigue characteristics of heat-
resistant structural steel X15CrNi12-2 for aircraft purposes (chemistry: C - 0.13%; Cr - 12.5%; 
Si - 0.05%; Ni - 2.05%; Mo - 1.50% , W - 0.70%; Nb - 0.20%; V - 0.20%) under biaxial cyclic 
loading are presented. For cyclic tests a specialized Instron 8850 two-axes testing system was 
used, which allows the planning of cyclic and static tests with arbitrary stress sequence under 
the conditions of tension and torsion. The Epsilon 3550-010M dual-axis dynamic strain sensors 
for testing at normal temperatures and the Epsilon 3550HT-025M for testing at high 
temperatures were used to determine the values of axial and shear strains during the 
experiments. The test methods for biaxial cyclic loading under normal and elevated 
temperatures are described, which allow to analyze the mechanical behavior and structural steel 
destruction processes under plane stress conditions. Tests results of heat-resistant alloy 
X15CrNi12-2 under low-cycle fatigue at different temperatures and cyclic strain paths with 
proportional and non-proportional changes in axial and shear deformations are presented (Fig. 
1). For different types of tests hysteresis loops are represented in the form of dependences of 
normal and shear stresses on axial and shear deformations, respectively. It is shown that the 
durability of X15CrNi12-2 steel in these parameters significantly depends on the cyclic strain 
path, the shape of the cycle and the test temperature. In the case of non-proportional 
deformation, the fatigue life of X15CrNi12-2 steel decreases 1.5-2 times as compared with 
proportional loading at different test temperatures. Depending on the strain path, a significant 
decrease in fatigue life at a temperature of 600 ° C by 17-44% in comparison with the room 
temperature was observed. 

     

a)      b)     c) 

Figure 1 - Variation of axial (continuous) and shear (dashed) deformations under cyclic 
simple ((a) triangular and (b) M-shaped cycle modes) and complex (c) loading 

This work was carried out in Perm National Research Polytechnic University using the 
equipment of the Centre of Collective Usage «Complex test and diagnostic equipment for study 
of structural and functional materials properties under complex thermomechanical impacts» 
(http://www.ckp-rf.ru/ckp/353547/) 
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Fatigue Behavior of Carbon/Epoxy Non-crimp Fabric Composites for 
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Abstract  Facing the stringent requirements for fuel economy in automotive industry, 
composite materials are seen to be utilized for structural lightweighting. This paper focuses on 
the fatigue test development and fatigue behavior of a biaxial [0/90] carbon/epoxy non-crimp 
fabric composites for automotive applications. A new fatigue test specimen was successfully 
developed for fatigue testing under fully reversed loading, i.e. stress ratio, R=-1 at room 
tempera�W�X�U�H���D�Q�G�����������•����The developed test specimen prevents buckling during testing without 
attaching an anti-buckling fixture. 3D Digital image correlation strain mapping also revealed a 
uniform strain distribution on the surface of this specimen geometry. Fatigue test results 
�L�Q�G�L�F�D�W�H�G���W�K�D�W���W�K�H���I�D�W�L�J�X�H���E�H�K�D�Y�L�R�U���D�W���E�R�W�K���U�R�R�P���W�H�P�S�H�U�D�W�X�U�H���D�Q�G�����������•���L�V���P�D�W�U�L�[���G�R�P�L�Q�D�W�H�G��
(see Fig. 1). All the fatigue data were well fitted into the Basquin equation �ê�Ô
L �ê�Ù�:�t�0�;�Õ. 

 

Figure 1 �± Fatigue test results at room temperature and 130 �o���X�Q�G�H�U���V�W�U�H�V�V���U�D�W�L�R�����5� -1. 
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Abstract 

Fatigue cracking is a major concern for many aging steel bridges in the United States. A 
common form of crack remediation is the drilling of crack-arrest holes, increasing the crack tip 
radius and thus reducing the applied stress intensity. However, the majority of cracking that 
occurs in bridge structures is caused by distortion-�L�Q�G�X�F�H�G���I�D�W�L�J�X�H���L�Q���Z�K�D�W���L�V���N�Q�R�Z�Q���D�V���µ�Z�H�E��
�J�D�S���U�H�J�L�R�Q�V�¶���L�Q���S�O�D�W�H���J�L�U�G�H�U�V�����&�U�R�V�V-frame forces generated by differential girder displacement 
produce multiaxial, mixed-mode fatigue loading at the intersection of the girder web, flange, 
and connection plate, producing cracking along web-to-stiffener welds and flange-to-web 
welds. Crack-arrest holes are often used as a first line of defense at these cracks. However, 
crack-arrest holes deform out-of-plane under distortion-induced fatigue loading, and have been 
found to be of limited utility in this application.  

Previous research has shown that mechanical treatment of crack-arrest holes has the potential 
to improve the efficacy of crack-arrest holes for halting crack propagation for in-plane fatigue, 
but the performance of such treatments is unknown for distortion-induced fatigue cracks. A 
research program sponsored by the Kansas Department of Transportation (KDOT) is 
investigating the effectiveness of one such technology for controlling crack propagation in steel 
bridge girders susceptible to distortion-induced fatigue. This technology produces a cold-
worked region around the crack-arrest hole, introducing a field of compressive residual stresses 
aimed at retarding crack propagation. The research includes both analytical evaluation and 
physical experimentation. Testing is conducted on scaled girder-to-crossframe bridge 
components, providing a unique and realistic test specimen that mimics the distortion-induced 
fatigue experienced on steel highway bridges. A comparison is made between treated and 
untreated crack-arrest holes in terms of time-to-crack-reinitiation, and evaluation of hole sizing 
and location is performed. This paper will present background on the problem, an overview of 
the research project, and preliminary findings of the study. 
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Abstract  

Distortion-induced fatigue cracking in aging steel bridges is a primary concern for many 
bridge owners and stakeholders, accounting for the majority of fatigue cracks in steel bridges 
in the United States. Currently Departments of Transportation primarily use visual inspections 
to locate and characterize fatigue cracks. However, this approach has drawbacks, as recent 
studies have shown that visual inspections are not able to consistently identify realistically-
sized fatigue cracks in highway infrastructure. Additionally, it requires significant time and cost 
to perform visual inspections, and both inspectors and the traveling public are placed at risk 
during the inspection. Bridge owners and stakeholders would benefit from the development of 
inspection techniques that do not rely on hands-on human visual inspection �± to reduce the risks 
of harm to the inspectors and traveling public, increase reliability, and decrease the time and 
cost of performing inspections. 

Vision-based technologies are an active area of research in the field of structural health 
monitoring, aimed at developing alternatives to manual inspection for identifying damage to 
transportation infrastructure. The majority of these studies have focused on macro-indicators 
of damage, including identifying excessive corrosion, concrete deck deterioration, and large 
displacements due to substructure movement. Digital image correlation (DIC) is one such 
vision-based technology that shows promise for detecting and characterizing fatigue cracks, but 
investigations and applications have thus far been limited to in-plane cracking.  

Three-dimensional DIC measurements have the ability to capture full-field displacements 
and surface strains, allowing for the potential of identifying and characterizing out-of-plane 
fatigue cracks, such as those occurring on steel bridges exposed to loading through differential 
girder displacement. Since the majority of fatigue cracks arise from out-of-plane loading, 
investigating the efficacy of DIC for detecting distortion-induced fatigue cracks is of clear value. 

This paper and presentation describe an experimental study in which a scaled steel girder-
to-crossframe specimen was cyclically loaded to produce distortion-induced fatigue cracking 
in the girder. To examine the potential usefulness of DIC for future automated bridge 
inspections the resulting fatigue cracks were characterized using DIC and visual inspection. It 
was found that the DIC methodologies applied were capable of producing accurate and reliable 
crack detection results, introducing the potential for future automated techniques. 
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Michal Vyhlídal 1, Jan Klusák2 

1�%�U�Q�R���8�Q�L�Y�H�U�V�L�W�\���R�I���7�H�F�K�Q�R�O�R�J�\�����)�D�F�X�O�W�\���R�I���&�L�Y�L�O���(�Q�J�L�Q�H�H�U�L�Q�J�����9�H�Y�H���t 331/95, 602 00 Brno, 
Czech Republic, Michal.Vyhlidal@vutbr.cz 

2�&�]�H�F�K���$�F�D�G�H�P�\���R�I���6�F�L�H�Q�F�H�V�����,�Q�V�W�L�W�X�W�H���R�I���3�K�\�V�L�F�V���R�I���0�D�W�H�U�L�D�O�V�����ä�L�å�N�R�Ya 513/22, 616 62 Brno, 
Czech Republic, klusak@ipm.cz 

Abstract In this work, the influence of polygonal cavity on fracture behaviour of cement 
composite (concrete) is investigated. Specimens of the nominal dimensions 40 × 40 × 
160 mm with polygonal cavity of 8 × 8 × 40 mm were provided with an initial central edge 
notch with a depth �=�4 
L �s�t mm, which was made by diamond blade saw, see Fig. 1. 
To determine the influence of polygonal cavity on fracture behaviour, fracture tests were 
conducted via three-point bending. 

The aim of this work is to analyse the behaviour of such specimen by means of finite 
element method (FEM) principles in Ansys, Inc. software. A simplified 2D model of plane 
strain based on the fracture test configuration was created. Materials were modelled as linear, 
elastic and isotropic, which are represented by their elastic constants, i.e. Poisson's �U�D�W�L�R�� �� 
and Young's modulus E. The potential crack was modelled as ideally sharp with a radial mesh 
around the crack tip. The crack propagation assessment was based on criterion of an average 
value of tangential stress �ê����  over a certain distance d determined in dependence on the polar 
angle ��. It is assumed that the crack is initiated when the average value �ê
$���� �:�à�4�; reaches its 
critical value �ê
$���� ���¼�:�à�4�;, which depends on the value of fracture toughness �-�Â�Ö of the material 
and on the distance d. 

From the detailed numerical analysis of the described fracture test, we concluded 
that the actual crack depth �=�4 must be greater. In other words, diamond blade saw damage 
the specimen more than expected. This damage is due to the small distance between 
the bottom peak of the inclusion and the crack tip, which is approximately 2.34 mm. It is 
obvious that such a small area above the crack tip cannot resist the load that is caused 
by cutting the specimen by diamond blade saw and must inevitably lead to its partial failure. 

 

Figure 1 �± Specimen geometry and fracture test configuration 
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Abstract 

One of the main interests of aircraft industries is to reduce the structural weight of the airframe; 
this resulted in the development of innovative, lightweight and high-strength 3rd generation Al -Cu-Li  
alloys. Aluminum alloy AA2198 is a new generation of Al -Cu-Li -alloy that has been developed for 
fuselage and skin applications in aircraft structures. Among others, laser beam welding (LBW) of 
AA2198 is a very promising method for joining aircraft materials and structures. Laser beam welded 
joints are already been exploited in airframe structures, as they provide higher buckling strength and 
essential lower weight by replacing the respective riveted differential structures. 

The effect of laser beam welding process parameters on porosity formation and solidification on 
cracking for high thickness AA2198 sheets is examined in the present work. Welding process 
parameters like laser power, welding speed and the resulted linear heat input play a pivotal role in the 
quality of laser beam welded joints. Therefore, the main objective of the present work is to identify 
the appropriate process parameters to produce autogenously (without filler wire) welded joints of 
high quality in absence of cracks and pores. The effect of the welding parameters on the 
microstructure of the weld was investigated using light optical and scanning electron microscopy. 
The results showed that full penetration was not achieved for heat inputs less than 50 J/mm. Advanced 
characterization of geometry of the fusion zone shape (V-shape or rectangular) was performed. It was 
found that the V-shape fusion welds present lower tensile strength values. To this end, the 
investigation was focused on the welds with a geometrical factor close to the rectangular shape and 
the existence of other geometrical defects like underfill. The mechanical behavior of optimal butt-
welded joint configurations were investigated by hardness measurements and tensile tests. 
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Abstract 

Carbon based nanostructures, such as nanotubes, nanofibers, nanoplatelets, are considered to be 
a promising reinforcing material for many advanced technological applications. They are often 
praised as the most effective reinforcement ever discovered, having ~ 100 times the strength of steel. 
Several experimental efforts have been carried out in order to study their mechanical properties. 
Most researchers agree that their modulus of Elasticity (E) is at around 1 TPa. Several studies cite 
the ultimate tensile strength ranging between 120 and 130 GPa. Nevertheless, calculating the 
mechanical properties of the nanocomposite materials, several limitations occur due to experimental 
errors, measurement uncertainties, microstructural defects/irregularities and instrument errors, 
which lead to inaccurate test results. 

In the present work, the mechanical properties of CEM-I cementitious matrices reinforced with 
C-based nanostructures of various forms are simulated, bridging a gap in the international literature. 
Several experimental test results with varying type and concentration of nano-reinforcement have 
been performed in order to simulate / estimate the mechanical properties of the nanocomposites 
with modern computational methods. Several analytical methods have been chosen, e.g. the Mori-
Tanaka and multi-step homogenization methods, in order to achieve behaviour simulation of the 
heterogeneous microstructure as they permit the input of varying orientation inclusions. 

The first step in the modelling procedure includes application of the aforementioned analytical 
methods (Fig. 1). Preparation is almost identical for both methods: the specimen is divided in small 
domains in order to simulate the shape representation and reinforcement orientation. The selected 
methodology provides the opportunity to apply the random filler axis algorithm. Since the C-based 
nanostructures, i.e. the filler of the present research, of real (i.e. non-ideal) materials exhibit random 
distribution, satisfying results that can exclusively be attained by using the random filler axis 
algorithm. At this point, the two analytical methods are applied. In the next step, by using the finite 
element method, a large specimen consisting of many domains will be simulated, in order to 
calculate the real material�¶s characteristics. The major outcome is the creation of tables / 
diagrammes that correlate factors such as material characteristics of nano-reinforcement and matrix, 
volume fraction and dispersion parameters to real composite material predicted properties. 
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Abstract  
Al -Cu-Li alloys are increasingly used in aerospace applications due to the excellent 

combination of reduced weight, high specific strength, good fatigue crack growth performance 
and improved corrosion resistance [1]. Their improved mechanical properties are often 
attributed to their complex microstructure and especially the precipitation of several 
strengthening intermetallic (IM)  phases. These phases include �/ (Al 3Li), �� (Al 2Cu), T1 
(Al 2CuLi) and S (Al 2CuMg) [2], with the T1 to be the major strengthening phase. The formation 
of such IM phases can be accelerated by artificial ageing heat-treatment. However, these 
precipitates may influence the electrochemical behaviour of such alloys and increase corrosion 
susceptibility. Corrosion has a deteriorating effect on the aluminium alloys mechanical 
properties and must be taken into account for the assessment of the structural integrity of aircraft 
components. Hence the investigation of corrosion mechanisms is of major importance. The 
corrosion mechanisms of the innovative AL-Cu-Li alloys are not interpreted in the literature. 
Guerin et al. [3] showed that the fatigue life of AA2050 presented higher reduction percentage 
at the T34 state than at T84 where intragranular corrosion takes place. Most of the published 
articles with regard to the newly developed AA2198 alloy are dealing with weldability, plastic 
deformation [4], fatigue [5] and fracture behaviour aspects [6]. 

In the present work, the corrosion resistance of AA2198 in T8 temper (under-ageing) will 
be investigated through electrochemical analysis and compared against T3 temper. The 2xxx 
aluminium alloys were found to have higher corrosion resistance when artificially aged at 
certain tempers, such as T6 or T8, than at T3 [7]. Hence, it is of major importance to investigate 
the corrosion resistance and mechanisms of AA2198 in different tempers. Small rectangular 
specimens (10 * 20 mm) were machined from aluminium sheets at T8 and T3 tempers of 3.2 
mm nominal thickness and exposed to exfoliation corrosion solution (EXCO), 3.5 % NaCl 
�V�R�O�X�W�L�R�Q���D�V���Z�H�O�O���D�V���W�R���+�D�U�U�L�V�R�Q�¶�V���V�R�O�X�W�L�Rn (3.5% ammonium sulphate, 0.5% NaCl) for different 
exposure times. Afterwards they were electrochemically tested through electrochemical 
impedance spectroscopy for the evaluation of corrosion kinetics (corrosion rates) of this alloy. 
Fracture surfaces were examined using Scanning Electron Microscopy (SEM) to determine the 
corrosion-induced fracture mechanisms and cross-sections were examined through light optical 
microscope for the examination of the corrosion morphology.  
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Abstract Dam monitoring and their safety are an important concern of dam engineers. 
Seepage collected data are indicators of structure behavior, since seepage is influenced by 
environ-mental actions, such as air temperature, water temperature, and water level variation, 
and seepage flow rate is greatly influence by the presence of fractures. Consequently, the 
analysis of seepage collected data is an important monitoring task, as variations in the seepage 
can be the alarm for subsequent failures. Seepage data are widely analyzed with statistical 
models. In this work, we assess the performance of support vector regression machine and 
random forest models to predict seepage at different points in a case study and identify the most 
important environmental variables affecting flow rate.  
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Abstract  In this study different finite element simulation approaches are developed and  
implemented to study residual stress distribution in a welded box type structure. The 
component is a vital part in several load carrying structural applications and the residual 
stresses are important to quantify from a structural integrity point of view.  The welded 
box structures studied have fully penetrated and partially penetrated welds. The thermal 
history from simulations has been verified with experimental measurements. Tensile 
residual stresses are observed at the weld root of fully penetrated welded components 
while compressive residual stresses are estimated at the weld root of partially penetrated 
welded components. Using rapid dumping method, together with lumping method is able 
to reduce computational time significantly, compared to thermo-elastic-plastic method.  

 

 

Figure 1 �± Experiments and simulations of welded box type structure 
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Abstract  Many decades ago, aluminum - copper (Al-Cu) 2024 alloy has been widely used in 
the wings and barrel sections of aircraft structures due to its high damage tolerance capabilities. 
Innovative aluminum - copper - lithium (Al-Cu-Li) alloys such as 2198, have been recently 
developed and is supposed to replace aluminum alloy (AA) 2024 in aerospace industry appli-
cations. The current trend of the aerospace industries is to further reduce the airframe structural 
weight and respective manufacturing costs as well as to introduce advanced welding methods 
as alternative to the classical riveting process for manufacturing of primary aircraft structures. 
Laser beam welding (LBW) of fuselage structures from aluminum alloys is already established 
in the aircraft industry for lower fuselage panels since the welded panels provide higher 
buckling strength and lower weight when compared to the classical riveted designs. 

The mechanical behavior of both non-welded and laser beam welded aluminum-lithium 
alloy 2198 specimens are examined in the present work. Sheets with nominal thickness of 3.2 
mm were laser beam butt welded using two different filler wires, namely AA4047 (Al -Si) and 
AA2319 (Al -Cu), of diameters 1.2 mm and 1.0 mm, respectively. The specimens were 
machined from the two types of welded sheets, according to the ASTM standards. Some of 
the specimens were artificially aged before and post to the welding process at 170 oC and for 
different ageing times so as to bring the material in all possible ageing conditions.  

The specimens were examined with the aid of light optical microscope to investigate the 
morphology formation of the precipitations on the fusion zone and the heat-affected zone for 
the different filler materials.  

It was shown that the different filler wire plays a critical role on the fracture properties of 
the welded joint and especially for the fracture toughness. The Al-Cu filler wire responded 
more accurately to the artificial ageing conditions compared to the respective Al-Si filler wire. 
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Abstract  
The wildfires that tragically occurred in October 2017 in Portugal devastated not only a 

dense forest and housing area, causing a distortion of our territory and fatalities, but also were 
responsible for the significant destruction of industrial plants with severe economic and human 
losses. In this abstract, the possible structural damages resulting from the fire in a dryer were 
analyzed. 

The Industrial Dryer under study performs drying and moisture control processes of wood 
components. The drying of these wood components is an important process in that the removal 
of excess water reduces effective weight and improves the mechanical, electrical and thermal 
properties of the wood, as well as the handling processes. This type of dryer has a water 
absorption capacity of 2 to 65 t/h. The dryer operation is based on direct heating on a 
combustion chamber or cogeneration. It bears one or three stages of execution, exit and 
separation of the product with exit elbow, drop box or cyclone separator, separation of dust 
with high efficiency cyclones and additional filter systems, gas return system to reduce waste 
gas volume and power consumption, as well as a last generation control and visualization 
system. 

The structure of the Dryer under study is divided into three parts that make up a total of 20 
meters in length. The thickness of the frame (drum) is 15 mm. The mass of all the structure is 
89 tons. This abstract focuses in the analysis and identification of the multiple damages on the 
structure of the dryer using hardness tests and microstructural examination. 

,

#146 134



Pereira et al, Investigation of a forklift mast  failure 

Computational simulation of a forklift mast - Static and dynamic 

verification of the operation of a truck with identification of critical 

voltages and real center of mass  

Pereira, P. 1; Viriato, N. 1; Vaz, Mário A.P. 2  

1 INEGI - Institute of Science and Innovation in Mechanical and Industrial Engineering, R. 
Dr. Roberto Frias, 400, 4200-465 Porto, Portugal 

2 Faculty of Engineering, University of Porto, R. Dr. Roberto Frias, 4200-465 Porto, 
Portugal 

nviriato@inegi.up.pt 

Abstract  
The forklift mentioned in this report is an electric vehicle adapted for loading, transporting 

and unloading paper rolls with a specially designed clamp. It´s composed of a three-stage FSW 
mast with a maximum height of 6.5 meters. The reported failure on the forklift mast was 
described as premature wear in a specific area, which prevented normal operation of the forklift. 

In order to identify the source and cause of the visible damage, static and dynamic analysis 
were carried out to identify stress concentrations. This study involved several procedures, such 
as the design and structural verification of the set mass centers, static numerical analysis in 
ABAQUS and dynamic modeling and simulation with multibody dynamics software. 
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Abstract  
In the last ten years, 1125 crane accidents have been reported worldwide, resulting in 780 
fatalities. According to reports and published statistics, the causes of crane accidents can be 
grouped into several categories, one of which is reviewed in this communication. 

Tower cranes are commonly used in the construction of buildings, large structures and 
transportation/movement of heavy loads. Due to their height and unique operating conditions, 
they are subject to a vast number of loading conditions, both with and without carrying loads 
or adverse weather conditions. The analysis of the dynamic characteristics of cranes therefore 
becomes fundamental for the design and effective use of the cranes, as they can be subjected to 
cyclic loads due to pendulum movements of the suspended loads. The dynamic analysis that 
has been carried out follows the general basis of several research publications on structures of 
this kind, consisting on the creation of a 3D model and performing a numerical analysis with 
the finite element method. This analysis enabled determination of the dynamic characteristics 
of the crane, natural frequencies and vibration modes, which, in turn, are used to explain the 
structural behavior when carrying out load movement operations, where cyclic movements 
identical to those of a gravity pendulum occur. 
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Abstract  
Storage tanks or reservoirs, are containers for storing fluids at atmospheric or higher 

pressures. Design and manufacture of pressure tanks follows specific requirements, depending 
on the type of fluid to be stored, storage conditions, purpose and location. For storage of fluids 
such as petroleum and its derivatives, API 650 code for the construction of reservoirs that can 
vary from 2 m in diameter to 50 m or more is usually followed. 

Regular and periodic maintenance, checking and cleaning of the structures and equipment 
for storing the products are essential factors to maintain the durability of the tank, preventing 
stored products degradation or spillage. 

However, according to statistical data there have been more than 242 storage tank accidents 
worldwide in the last 40 years. About 30% of these accidents took place in non-oil industries 
and were caused by factors such as fire, explosion, lightning, human error, poor construction 
and lack of maintenance. It can also be noted that in 242 accidents, 31 were directly related to 
fatigue and fracture. 

The accident reported in this communication occurred with a reservoir of 2765 mm in 
diameter and 6052 mm in height, used in the food industry for storing vegetable oil. Analysis 
of the failure has shown that the feet supports of the reservoir had collapsed. 

Based on the identification of the deformed and damaged area, technical drawings and the 
analysis of the weld beads at the bottom of the reservoir, the root cause of the accident was 
determined and verified.  

,

#149 137



 Shayan Eslami et al, friction stir welding of polymers 
 

Fr iction stir welding of polymers: recent developments 

Shayan Eslami1*, Paulo J. Tavares1, Pedro M.G.P. Moreira1 

1INEGI �± Institute of Science and Innovation in Mechanical and Industrial Engineering, 
4200-465 Porto, Portugal.        *e-mail: seslami@inagi.up.pt 

Abstract   

The main objective of this work was to develop a new friction stir welding conceptual 
solution to weld polymeric materials. For this purpose, there are various aspects that needed to 
be addressed carefully. In order to demonstrate the flexibility of the developed system, welding 
was performed in two commonly used configurations in industry: butt-joint and lap-joint. The 
main focus of this study was to develop a welding tool without the use of an additional heat 
source, capable of welding different materials using higher welding speed than the ones in the 
literature. The final tool design was able to generate frictional heat up to 400ºC and weld 10 
times faster than the initial tool design, producing joints with a tensile strength within 97% of 
�W�K�H���S�D�U�H�Q�W���P�D�W�H�U�L�D�O�¶�V���W�H�Q�V�L�O�H���V�W�U�H�Q�J�W�K. A sensitized clamping device was developed to monitor 
all the generated forces in three pre-defined directions during the welding process, and support 
the evaluation of the weld quality as a function of load output. With the developed clamping 
device, it was possible to find the relationship between the vertical load and the weld quality, 
even when using a position control approach. Moreover, it was claimed that unlike metallic 
materials, polymer FSW is not a solid-state welding process, since the welding temperature will 
�U�H�D�F�K���D�E�R�Y�H���W�K�H���S�D�U�H�Q�W���P�D�W�H�U�L�D�O�V�¶���P�H�O�W�L�Q�J���S�R�L�Q�W�V. For Polymer FSW, welding tool is the most 
important factor, and all the parameters are under influence of the tool design and its geometry. 
Basically, with the appropriate tool design and judicious parameters, FSW is capable of 
producing strong welds with good mechanical properties to weld a wide range of 
similar/dissimilar polymeric materials in different configurations. 
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Abstract   

Joining methods of lightweight materials, particularly polymers and composites, are 
becoming progressively important in the manufacture of lightweight structures for engineering 
applications. Glass-fiber-reinforced polymer (GFRP) and carbon-fiber-reinforced polymer 
(CFRP) composites are the most common thermoplastic composites that are being used in 
lightweight structures. In this study, an innovative spot welding tool was developed, which is 
capable of spot weld similar/dissimilar polymers and composites. The developed tool consists 
of a stationary fixture that clamps the base materials rigidly in the desired position and a 
consumable probe that penetrates into the base material under an axial force. The consumable 
probe or the filler material is located inside a rotating shaft made of brass, which is surrounded 
by a stationary copper sleeve to generate frictional heat during the plunging stage. The top and 
the bottom of the fixture is designed in a way that guide the plasticized filler material to create 
the riveting effect under the axial force. The main benefit of this newly developed welding tool 
is the combination of the friction stir spot welding method with riveting on the sides. Using this 
tool, dissimilar polymers and identical short carbon fiber thermoplastic were welded 
successfully. The produced joints showed a promising results as it stirs the base materials with 
the rotating filler, and the rivets on the two sides create a secondary bonding condition, which 
enhanced the joint efficiency. This welding technique can be developed into a portable device 
to weld/repair thermoplastic based composite and polymer structures. 
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Abstract   

In this research, a 40-m-long shallow railway rock tunnel known as �³�0�R�Q�W�H���6�H�F�R���W�X�Q�Q�H�O�´��
located at Vitória-Minas Railway in Brazil is studied. It has been scanned by a 3D Terrestrial 
Laser Scanning (TLS) instrumentation and its geometry was reconstructed as a point cloud. The 
obtained shape lacked geometrical details in some regions due to geometry complexity and 
irregularities. Then, a small-scale model was built through additive manufacturing in order to 
be used in laboratory tests. A demonstrator was developed relying on a 3D laser scanning 
system (LSS), encompassing a circular laser and a camera, to acquire the tunnel profile. The 
studied tunnel model was compressively loaded from the exterior wall and its deformation was 
monitored by a 3D Digital Image Correlation (DIC) system. Promising results have been 
�D�F�F�R�P�S�O�L�V�K�H�G�� �D�Q�G�� �W�K�H�� �D�F�K�L�H�Y�H�G�� �W�X�Q�Q�H�O�¶�V�� �S�R�L�Q�W��cloud matched the expected geometry with 
minimal occlusions. Owing to the successful results obtained on the geometry acquisition, a 3D 
LSS system to be operated in the real environment was outlined. 

Keywords: Railway tunnel, 3D Laser scanning system, Shape acquisition, DIC. 
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Abstract  

 This work aims at acquiring the interior shape of wind towers by means of a 3D Laser 
Scanning System. Typically, towers are made of S355J0 steel sheets and their fabrication 
consists of roll bonding and welding of abutted rolled sheets. This task is typically carried out 
by welding robots moving though the tower structure. The developed setup consists of a camera 
�D�Q�G���D���F�L�U�F�X�O�D�U���O�D�V�H�U���P�R�G�X�O�H���P�R�X�Q�W�H�G���R�Q���W�K�H���Z�H�O�G�L�Q�J���U�R�E�R�W�¶�V���D�U�P���P�R�Y�L�Q�J���W�K�U�R�X�J�K���W�K�H���W�R�Z�H�U���Z�L�W�K��
a constant linear velocity. The deployed system assists in examining �W�K�H���W�R�Z�H�U�¶�V���L�Q�W�H�U�L�R�U���V�X�U�I�D�F�H, 
making it possible to obtain its 3D profile. It will therefore be beneficial to monitor the 
geometric changes which occur over the welding process due to the residual stress and the 
tower�¶�V own weight. Encouraging results have been achieved in the characterization of the 
tower�¶�V geometry, contributing to the assessment of the robustness and accuracy of the 
deployed 3D laser scanning system. 

Keyword:  Wind towers, 3D laser scanning, Image processing, Inspection.    
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Abstract   

This contribution aims to establish an automated inspection method to monitor defects on 
railway tunnels and build a demonstrator for this procedure. Monitoring and detecting defects 
have been principally manual time-consuming procedures, therefore, an automated designed 
system will increase the standards and quality. The present research relies on a 3D laser 
scanning technique to study the inspection of the tunnel degradation, particularly in terms of 
structural integrity. To assess the applicability and accuracy of the deployed 3D laser system, 
the implementation of a model prototype on a scaled tunnel is proposed for the laboratory 
experiments. Local defects and geometry changes could be detected by comparing obtained 
profiles. Thereby, post-processing analysis is performed to measure internal variables such as 
displacement and strain fields with an optical measuring tool developed based on 3D Digital 
Image Correlation (DIC). In conclusion, encouraging results are presented for the evaluation of 
the tunnel conditions and the monitoring of the tunnel profile in static scanning mode, and DIC 
data that shows the displacement field progress of an introduced structural defect is presented. 

Keywords: Railway tunnel inspection, Defect detection, 3D Laser scanner, DIC,   
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Abstract  

 The emergence of reliable techniques to predict the failure mechanism of the engineering 
structures in automotive and aeronautic industries in particular sheet metal forming promises 
to underpin a novel advance in materials research. In this regard, Al -Mg alloys deliver the 
largest formability range. This study aims at determining the mechanical properties of an 
AA5352 aluminum alloy, using Digital Image Correlation, DIC. Thus, tensile sheet specimens 
manufactured from the corresponding alloy are mechanically tested under a uniaxial condition 
and deformation fields are monitored. Considering the force/displacement response and 
�V�W�U�H�V�V���V�W�U�D�L�Q�� �F�X�U�Y�H�V���� �W�K�H�� �P�D�W�H�U�L�D�O�� �3�R�L�V�V�R�Q�� �F�R�H�I�I�L�F�L�H�Q�W���� �<�R�X�Q�J�¶�V�� �P�R�G�X�O�X�V�� �D�Q�G�� �D�Q�L�V�R�W�U�R�S�\��
coefficient in the transverse direction are characterized by the experimental DIC data. It aims 
to obtain accurate and reliable mechanical properties to be considered in the future processing 
analyses. Numerically, adopting the experimentally obtained material properties, the Gurson-
Tvergaard-Needleman (GTN) damage model is implemented using finite element method �±
FEM�± formulation to forecast the ductile fracture performance of the tested AA5352 sheet. The 
predicted results are then compared to the experimental DIC solution verifying good agreement 
with the force/displacement response and the deformation fields. Overall, the acquired 
numerical results imply that the GTN fracture criterion is capable to render an accurate 
prediction upon a high stress triaxiality state. 

Keywords: DIC, GTN, FEM, Ductile Damage, Experimental mechanics. 
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Abstract  This paper aims to explore a new technique for structural damage identification 
using cubic spline interpolation. The method is based on the interpolation of modal rotations 
measured with speckle shearography. In order to locate the damaged areas, we make use of 
the analytical derivative of the cubic spline function to compute the modal curvature, which is 
known to be very sensitive to damage. A comprehensive parametric study of the spatial 
sampling interval is carried out to find its influence on noise filtering. Furthermore, the 
identification quality dependency on the mode shape and respective noise is also examined. 
The results obtained with the proposed method show the consistency of the localizations. 
Additionally, the challenging tasks of identifying small and multiple damage (Figure 1) are 
tackled, yielding a good performance. 

 

 

Figure 1 �± Example of multiple damage identification using the first mode 
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Abstract  Recently, there has been an increased interest in structural health monitoring (SHM) 
of building and transport structures. Standard strain gauges placed on a beam surface are mostly 
used to monitor the mechanical stresses of timber or concrete structures. However, these sensors 
are susceptible to mechanical damage, electromagnetic interference or negative influences of 
the measured data during the measurement. The fibre optic sensor system offers a more suitable 
and reliable solution �± the sensors can be integrated directly into the load bearing structure 
during its production and thus protected by the construction material against ambient 
environmental conditions. First part of this paper presents series of environmental tests of 
measuring system based on Fibre Bragg Grating principle performed from 2016 to 2018 in the 
climate chamber. The chamber can generate defined humidity and/or temperature cycles, which 
can simulate the behaviour of the structure under real environmental conditions. The tested 
fibre optic sensor system is suitable for load bearing timber (glued laminated timber beams) 
and concrete structures. In the second part of this paper, mechanical loading tests of glued 
laminated timber beam with integrated fiber optic sensors performed in 2016, 2017 and 2018 
are presented. The article describes the design of test cycles, gives the results of testing, and is 
concluded with the discussion of given results together with the outline of the future research 
directions. 
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Abstract  The part of the large parametric study focused on the stability behaviour of 
compression single members and the member structures with various loadings and 
boundary conditions is presented here. This part relates to the stability analysis of the 
compression member on elastic springs. The span of the member L = n�º�á���™�Š�‡�”�‡���º���‹s the 
length of the panel which equals to the distance between the neighbouring elastic 
springs. The members under investigation have seven various numbers of the panels n = 
�t�á�� �u�á�� �v�á�� �w�á�� �x�á�� �y�� �ƒ�•�†�� �»�ä�� ���Š�‡�� �•�‡�•�„�‡�”�•�� �Š�ƒ�˜�‡�� �—�•�‹�ˆ�‘�”�•�� �„�‡�•�†�‹�•�‰�� �”�‹�‰�‹�†�‹�–�›�� �����á�� �—�•�‹�ˆ�‘�”�•�� �•�‘�”�•al 
force N and (n �� 1) elastic springs with equal spring stiffness Cw. The results are 
presented in the form of diagrams. The curves of diagrams were replaced by the straight 
lines to be able derived approximate formulae for calculation of the critical force. It is 
shown that approximate formulae give the values of the critical forces Fcr.a which differ 
from diagram values Fcr less than 3.3 %, being slightly on the safe side. The values of the 
critical forces Fcr obtained from the solution of the stability equation are verified by 
comparisons with results Fcr.IQ of the computer program IQ 100. Excellent agreement is 
achieved between Fcr.IQ and Fcr. The presented solution of the compression member on 
elastic springs may be used also for the calculation of the critical force of the 
compression member on elastic foundation. The solution given in the paper creates 
scientific background needed in the design of the semi-through bridge trusses. 

The obtained diagrams will be used in the following document which is now in 
preparation: CEN/TR 1993-1-103 Eurocode 3 �� Design of Steel Structures �� Part 1-103: 
Elastic Critical Buckling of Members. The results of the parametric study are compared 
with results of other authors and verified by several numerical examples. 

Table 1. Comparisons of the diagram values Fcr, approximate values Fcr.a and exact values Fcr.IQ  

n 
Cw  

[kN/m] 
Fcr 

[kN]  
Fcr.a 
[kN]  

Difference 
between  

Fcr and Fcr.a 

Fcr.IQ 
[kN]  

2 58.66 186.73 182.374 - 2.73 % 187.50 
3 99.732 231.603 223.707 - 3.324 % 231.40 
4 134.931 260.553 256.282 - 1.841 % 261.09 
5 74.505 202.652 200.398 - 1.447 % 203.34 
6 99.732 231.603 228.435 - 1.282 % 231.40 
7 134.931 260.553 257.235 - 0.918 % 259.62 
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Abstract  An interactive with easy four-steps, cloud-based fatigue analysis and life 
prediction tool is presented. Users around the globe may access it via Internet by means 
of multiple platforms such as desktop and laptop computers, tablets and/or smart-phones. 
It is a selfexplanatory education software, which is aimed also to assist a designer in a pre-
prototype stage in fatigue life estimation of smooth or notched parts subjected to constant 
amplitude, block loading, and spectrum loading histories. For spectrum amplitude loading 
a dedicated spectrum software package is provided, which is essential for a potential 
clean-up and/or desired modifications of a raw spectrum data.  Subsequently, a rainflow 
method is utilized and the corresponding hysteresis loops at the notch-�U�R�R�W���R�U���F�U�L�W�L�F�D�O���³�K�R�W��
�V�S�R�W�´���O�R�F�D�W�L�R�Q���D�U�H���G�H�W�H�U�P�L�Q�H�G��and plotted.   

�)�R�U���Q�R�W�F�K�H�G���F�R�P�S�R�Q�H�Q�W�V�����D���J�H�Q�H�U�D�O�L�]�H�G���1�H�X�E�H�U�¶�V���U�X�O�H���V�X�L�W�D�E�O�H���I�R�U���Q�X�P�H�U�L�F�D�O���D�S�S�O�L�F�D�W�L�R�Q���L�V��
�X�W�L�O�L�]�H�G���D�Q�G���G�L�V�F�X�V�V�H�G�����,�W���L�V���V�K�R�Z�Q�����W�K�D�W���W�K�H���V�R���F�D�O�O�H�G���1�H�X�E�H�U�¶�V���³�P�D�V�W�H�U�´���F�X�U�Y�H�����L�Q�Y�R�O�Y�H�G���L�Q such 
analysis (shown in Fig. 1) is unique and is only material dependent. �7�K�H���1�H�X�E�H�U�¶�V���³�P�D�V�W�H�U�´��
curve is interactive and is applicable for both monotonic and cyclic loading situations. 
Examples of applications of the proposed method are presented for a constant, block, and 
spectrum loading situations. Associated fatigue life predictions are illustrated using stress, 
strain, and stress/strain approaches. 
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Abstract Tensile engineering stress-strain curves for metallic materials typically show two 

different behaviors viz���� �Z�L�W�K�� �/�X�G�H�U�¶�V�� �V�W�U�D�L�Q�� �D�Q�G�� �Z�L�W�K�R�X�W�� �/�X�G�H�U�¶�V�� �V�W�U�D�L�Q���� �5�H�F�H�Q�W�O�\���� �.�D�P�D�\�D��

[2016] proposed a method to estimate the true stress-strain curves based on yield and ultimate 

strengths. This method however, is not accurate enough for mat�H�U�L�D�O�V���H�[�K�L�E�L�W�L�Q�J���/�X�G�H�U�¶�V���V�W�U�D�L�Q��

in their stress-�V�W�U�D�L�Q�� �E�H�K�D�Y�L�R�U���� �+�H�Q�F�H���� �D�� �Q�H�Z�� �S�U�R�F�H�G�X�U�H�� �I�R�U�� �W�K�H�� �P�D�W�H�U�L�D�O�V�� �H�[�K�L�E�L�W�L�Q�J�� �/�X�G�H�U�¶�V��

�V�W�U�D�L�Q���L�V���S�U�R�S�R�V�H�G�����7�K�L�V���Q�H�Z���P�H�W�K�R�G���X�V�H�V���S�O�D�V�W�L�F���V�W�U�D�L�Q���Y�D�O�X�H���F�R�U�U�H�V�S�R�Q�G�L�Q�J���W�R���/�X�G�H�U�¶�V���V�W�U�D�L�Q��

along with yield strength and ultimate tensile strength to estimate constants in the Ramberg-

Osgood (R-O) type of true stress-true strain relationship. The proposed approach was applied 

�W�R���������G�L�I�I�H�U�H�Q�W���P�D�W�H�U�L�D�O�V���Z�L�W�K���D�Q�G���Z�L�W�K�R�X�W���/�X�G�H�U�¶�V���V�W�U�D�L�Q���W�R���Y�D�O�L�G�D�W�H���W�K�H���S�U�R�S�R�V�H�G���H�V�W�L�P�D�W�L�R�Q�����,�Q��

addition, an inverse method for assessing an apparent ultimate tensile stress (stress at point of 

zero slope) for materials with low ductility due to quenching or carburizing is suggested. 

 

 

Figure 1 Comparison of experimental stress-strain curve with the Ramberg-Osgood 
�U�H�O�D�W�L�R�Q���I�U�R�P���H�[�S�H�U�L�P�H�Q�W�D�O���G�D�W�D���D�Q�G���H�V�W�L�P�D�W�H�G���I�R�U���P�D�W�H�U�L�D�O�V�����D�����H�[�K�L�E�L�W�L�Q�J���/�X�G�H�U�¶�V��
strain and (b) without Luder�¶s strain. 
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Abstract Turbine blades and bladed discs are critical components in an aero-engine which 

are subjected to severe conditions of high temperature and pressure. These conditions 

cause high levels of stress leading to crack formation and subsequent failure in service. In 

this work, an attempt has been made to investigate the influence of crack on vibration 

parameters of a typical aero-engine gas turbine blade and a life assessment approach for 

turbine blade and bladed disc is also described.  Initial investigations are carried out on 

idealizations involving cantilever beams with uniform cross-section; the procedures are 

then extended to free standing turbine blades with asymmetric aero foil cross section 

mounted on turbine bladed disc. Dynamic characteristics of the blade are estimated and 

free vibrations analyses have been carried out for healthy blade and ones with crack of 

different sizes. Influence of crack size on natural frequencies and mode shapes is studied. 

Results show a difference of less than 1% in frequency for cracks less than 1mm in length; 

for larger crack lengths the frequency shifts are higher. The analytical results are 

compared with experimental tests on a Laser Doppler Vibrometer set-up. Subsequently, 

forced vibration analysis has been performed and a methodology has been developed, 

�X�V�L�Q�J���/�D�]�D�Q�¶�V���O�D�Z���W�R���H�[�W�U�D�F�W���P�R�G�D�O���G�D�P�S�L�Q�J���U�D�W�L�R�V���I�U�R�P���W�K�H���V�W�U�D�L�Q���H�Q�H�U�J�L�H�V���R�I���W�K�H��blade 

under nozzle excitation pressure fluctuations. The modal damping ratios thus obtained are 

indicative the energy dissipation in the component under stress conditions. The possibility 

of employing these modal damping ratios as indicators for the presence of cracks / defects 

is outlined. Damping ratio was calculated for the first two modes of the cantilevered 

turbine blade. These ratios show a difference of the order of 5.2 % between healthy and 

cracked blades for the second mode. This observation leads to a conclusion that modal 

damping can be a viable parameter with good correlation with blade structural integrity. 
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Abstract Crack formation and growth in reinforced concrete members is in many cases the 
cause of the collapse of technical structures. Such serious failures impair the structural behavior 
and can also damage property and persons. An intensive investigation of the crack propagation 
is indispensable. Numerical methods are being developed to analyze crack growth in an element 
and to detect fracture failure at an early stage. For reinforced concrete components, however, 
further research and action is required in the analysis of shear cracks. This paper presents 
numerical simulations and continuum mechanical modeling of bending shear crack propagation 
in a three-dimensional reinforced concrete beam without transverse reinforcement. The analysis 
will provide further understanding of crack growth and redistribution of inner forces in concrete 
members. As numerical method to map discrete cracks the extended finite element method 
(XFEM) is applied. The crack propagation is compared with the smeared crack approach using 
concrete damage plasticity. For validation, the crack patterns of real experiments are compared 
with the results of the different finite element models. The evaluation is based on single span 
beams under bending. With the analysis it is possible to predict the fracture behavior of concrete 
members.  

  

  

Figure 1 �± Crack propagation in a concrete beam by using XFEM analysis of ABAQUS  
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Enhanced algorithm for damage location on composite 
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Abstract: Structural Health Monitoring (SHM) of aircraft structures, which are 
manufactured increasingly using composite materials, is a technique which aims to improve 
reliability and to reduce maintenance. Composite materials present several difficulties for the 
location of damages due to their mechanical properties (anisotropy, wave propagation, stiffness, 
etc.). 

In this study, the RAPID (Reconstruction Algorithm for Probabilistic Inspection of Damage) 
algorithm has been used to detect and locate damages in small surface composite material 
samples, using Lamb waves generated and recorded with piezoelectric transducers (PZT). The 
algorithm was applied to data from the pristine and current state structures, and only current 
state data (baseline free method). 

Some of these tests provide inaccurate predictions of the damages location, caused by 
masking under the influence of path intersection points among transducers. The new proposal 
for the enhanced algorithm solves this point performing a geometrical modification of the 
standard RAPID algorithm. 

 

 

 (a) (b) (c) 

Figure 1 �± (a) Composite thermoplastic with damage (red square). (b) Predicted location 
provided by standard RAPID (black point). (c) Predicted location provided by enhanced 

RAPID (black point). 
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Abstract Several failure analysis of hydraulic system have been reported on literature, 
therefore for safety reasons the root causes of these failures must be well identified in order to 
avoid future accidents. This article describes an inspection of the failure of a hydraulic tube of 
a commercial aircraft. The developed study comes following an accident occurred in which a 
lack of oil was observed during service. The failure occurred in the transition zone between 
hydraulic hose and the connection components of the hydraulic system. In order to determine 
the causes of the failure, a material analysis was performed, followed by a detailed study of 
�W�K�H�� �I�U�D�F�W�X�U�H�¶�V�� �V�X�U�I�D�F�H�� �E�R�W�K�� �Y�L�V�X�D�O�O�\�� �D�Q�G�� �X�V�L�Q�J�� �R�S�W�L�F�D�O�� �D�Q�G�� �V�F�D�Q�Q�L�Q�J�� �H�O�H�F�W�U�R�Q�� �P�L�F�U�R�V�F�R�Ses. 
From the analysis of the observations made it was concluded that the damage suffered by the 
component was promoted by an overload imposed on the material that caused the fracture of 
the inner hose of the flexible hydraulic tube and the localized plastic deformation of the 
metallic mesh in the zone of crimping promoting the loss of tightness of the component. 
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Abstract This paper presents a detailed analysis of the failure of a domestic frying pan. 
The failure occurred in the wings of the pan. The main objective of the study was to obtain 
the materials resistance in bending of the wings when subjected to the more severe conditions 
of temperature in service defined by the manufacturer. The study was divided in three phases: 
1st phase - The body of the frying pan, not insulated thermally, was subjected to the amount of 
heat necessary for the temperature of the body reach 210° C uniformly. As soon as the above 
condition is established, the frying pan was remain for one hour in that condition; 2nd phase - 
The wings of the frying pan will simultaneously be subjected to a load of increasing value, 
which imposes a bending effort, in order to simulate the procedure of removing the frying pan 
from the heat source; When any of the wings fracture or when it is found that the connection 
between them and the body of the frying pan shows signs of not guaranteeing the normal 
handling of the object under safe conditions, the value of the load that caused the fracture was 
recorded; 3rd phase �± Repetition of 1st and 2nd phase using a new frying pan. During the 
analysis it was observed that no significant change in the morphology of the wings of the 
frying pans when subjected to temperatures close to 210 ° C. The frying pan materials 
supported about 500 N (~ 51 kg) before the fracture of one of the wings when the frying pan 
was subjected to a three-point bending test to simulate the procedure of removing the frying 
pan from the heat source. 

,

#167 153



Ruben, R. B., Optimization of the Homogenization Characterization of Thin Hybrid Composites 
 

Optimization of the Homogenization Characterization of Thin Hybrid 

Composites 

Rui B Ruben1, Virgínia Infante2, José FA Madeira2,3, Filipa Moleiro2, Sofia Teixeira 

de Freitas4 

1 CDRsp �± ESTG �± Polytechnic Institute of Leiria, Portugal 

2 LAETA, IDMEC, Instituto Superior Técnico, Universidade de Lisboa, Portugal 

3 Department of Mathematics, ISEL, IPL, Portugal 
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Abstract Hybrid composites are becoming increasingly important in high-technology 
applications, particularly in the aeronautical industry. Actually, hybrid composites may offer 
an effective solution for increasing the toughness of a composite material. Besides that, hybrid 
composites can have high specific stiffness, high specific strength, low density, and reduced 
cost.  

Manufacturing process of a thin hybrid composite could be complex, and thickness error 
could influence elastic properties of composite material. In fact, matrix weight has more 
variability in thin composites. Elastic properties can be computed using a homogenization 
theory based on a representative volume element (RVE) approach, which assumes that the 
composite material is locally formed by the spatial repetition of very small microstructures. 
However, different thickness values due to different matrix weights causes a high variability 
composite elastic properties. This variability can cause some uncertainty and errors in thin 
composites design. 

In this work, homogenization elastic properties characterization is performed for a thickness 
range close to the desired one. The composites considered have a total of 4 plies of carbon and 
glass fibers. These composite layers were manufactured, the thickness was measured, and tests 
were performed considering a combined loading of bending and torsion. A numerical 
simulation, using Abaqus, was also performed in order to compare experimental tests with 
numerical ones. With this comparative model is possible to optimize the homogenization 
process in order to have the correct elastic properties considering thickness variability. In this 
way, a sensitive analysis is also performed and manufactured plies can be rejected due to 
thickness values variability. 

By design, composite plates are usually aimed to have a constant thickness value. However, 
thin plates can have high thickness variability due to manufacturing process. Preliminary results, 
considering homogenized elastic properties, experimental tests and numerical analysis, 
conclude that thickness variability has a significant influence in thin composite elastic 
properties. 

Keywords: Hybrid composites, carbon and glass fibers, homogenization, optimization 
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Abstract  With increasing share of renewable energy sources in the electricity production strict 
demands are placed on fossil power plants that have to cover the power shortages more 
frequently. Increasing number of steam turbine (ST) start-ups and shutdowns, as well as 
requirements on higher ramping of operating conditions, has detrimental effect on the overall 
lifetime of ST components. In the ST design process, this situation has to be dealt by applying 
advanced prediction methodologies handling the thermo-mechanical fatigue mechanism, for 
instance. On the other hand, in the case of currently operating STs, regular inspection and 
maintenance schedule as well as technologies for turbine operation control have to be 
reconsidered or newly developed. To cope with these challenges, the international consortium 
of energetic turbine producers and research institutes initiated the TURBO-REFLEX project 
funded �E�\�� �(�8�¶�V���+���������� �S�U�R�J�U�D�P����One of the principal aims of the project is development of 
a damage tolerance approach suitable for scheduling the ST rotor maintenance. Decisive factors 
in this effort are ST rotor operating conditions, material fracture properties and geometry that 
constitute the crack initiation site and crack growth rate and direction �± Fig. 1. This forms 
a complex task that has to be handled numerically by using an FE-based code accompanied by 
in-house scripts for detecting the most probable way of crack propagation. In our contribution 
we are about to present the adopted approach and results that have been achieved. 

 

Figure 1 �± A general scheme showing combination of individual analytical aspects in 
development of the damage tolerance map applicable to ST rotors. 
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Abstract  Additive manufacturing (AM) technology allows the fabrication of complex parts, 
offering great flexibility with minimum scrap compare to subtractive manufacturing. Selective 
Laser Melting (SLM), a type of AM technique, conducts a layer by layer fabrication process of 
metallic powders for low-volume high performance metallic components, targeting multiple 
industries. However, the reliability of SLM materials particularly in aerospace industry is an 
ongoing concern, requiring additional considerations such as dynamic mechanical 
characteristics of the components. This work investigates the strain-rate sensitivity of maraging 
steel AISI 18Ni300 manufactured using SLM process. Metal powders were fused into test 
coupons of 2mm thicknesses in order to examine the strain rate sensitivity of the fabricated 
material. Dynamic tension tests were carried out using Split Hopkinson Tension Bar (SHTB) 
apparatus in conjunction with Digital Image Correlation (DIC) technique. Comparative analysis 
was conducted between in-built and heat treated SLM materials to study the effect of residual 
stresses subjected to wide range of strain rates. 
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Structural integrity and durability of polymer composites: Achievements 
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Abstract  Modern composites, made up of carbon fibres and toughened epoxy resins, are 
lighter/stiffer/stronger and increase fuel efficiency in aircraft, compared with the aluminium currently 
used. They have been used in the Airbus A380 super jumbo, the first fully double-decked passenger jet 
(with more than 550 seats, but certified for 853 passengers) that took its first commercial flight in 2007, 
�W�K�H���%�R�H�L�Q�J�����������µ�'�U�H�D�P�O�L�Q�H�U�¶���D�L�U�F�U�D�I�W and the A350 that came into service in 2015. The primary structure, 
including the wing and fuselage, of the B787 200-seater passenger jet is built mostly from composite 
materials and is advertised to be 20% more fuel efficient than current commercial planes with almost 
60% more cargo space than the Airbus A300-200. It is accepted that modern composite systems offer a 
variety of advantages, however, affordability (reduced acquisition and direct operating costs, while 
maintaining or enhancing safety) is the key to survival in aerospace manufacturing, whether civil or 
military. Therefore current research effort is devoted to analysis and computational simulation of the 
manufacturing and assembly process as well as the simulation of the long term performance of the 
structure, since these are intimately connected.  

In this talk, applications of modern composite systems will be discussed and achievements, 
but also challenges and limitations, in the non-destructive characterisation (microscopic) and 
damage modelling of such material systems with some thoughts on future needs, developments 
and prospects for novel materials (graphene based composites, 3D woven architectures) and 
processes, structural health monitoring (SHM), fatigue life, maintenance and repair 

 
 

Professor Constantinos Soutis FREng is holding a Chair in Aerospace 
Engineering, and he is the Director of the Aerospace Research Institute and 
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Imperial College London, University of Leicester, University of Cambridge and 
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University of South Carolina, USA. He is a Fellow of the Royal Academy of 
Engineering and leading authority on mechanics and failure of composites, with 
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monitoring using low frequency Lamb waves techniques. His industrial research 
and engineering experience includes work with the Structural Materials Centre of 

the British Defence Evaluation & Research Agency (visiting research fellow, 1995-2001), QinetiQ 
(Trusted Expert, 2001-2003), Cambridge Consultants, Dowty Propellers, Cytec Materials Engineering 
and ABB Research in Switzerland. Professor Soutis is the author or co-author of over 400 archived 
articles, which include more than 250 ISI listed journal papers; some 30 PhD students have qualified 
under his supervision and guidance. Professor Soutis is the Deputy Editor of Applied Composite 
Materials Journal, an Associate Editor of the RAeS Aeronautical Journal and served on the International 
Journal of SHM.  
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Abstract  After an overview on biocomposite materials developed by an internationally joint project, 
ECO-CAMPASS (Ecological and Multifunctional Composites for Application in Aircraft Interior and 
Secondary Structures, 2016-2019), roxin-sourced epoxies and the composites are introduced as a 
successful output of the project. The composites are jointly developed by a close cooperation of ACC 
with the Ningbo Institute of Materials and Technology Engineering (NIMTE). The composites show 
promising mechanical properties and processing ease in autoclave and RTM, providing thus a suitable 
alternative materials for interiors and non-structural applications. However, the interlaminar toughness 
and impact damage resistance of them are not sufficient if comparing with the existing petroleum-
sourced polymer matrix composites used in aviation. 
To improve the toughness of the GREEN composites, Ex-situ technology has been used to modify the 
roxin-sourced composites, either by reaction-induced spinodal phase decomposition and inversion 
mechanism, as well as by Vecro-like co-continuous toughening mechanism. The preliminary results 
�H�[�K�L�E�L�W�� �W�K�D�W�� �E�R�W�K�� �W�K�H�� �L�Q�W�H�U�O�D�P�L�Q�D�U�� �I�U�D�F�W�X�U�H�� �W�R�X�J�K�Q�H�V�V�¶�V�� �D�Q�G�� �W�K�H�� �&�R�P�S�U�H�V�V�L�R�Q�� �$�I�W�H�U�� �,�P�S�D�F�W�� ���&�$�,����
properties have been significantly improved, whereas the most in-plane mechanical properties and 
processing characteristics remain less affected. It can be expected that the bio-sourced composites can 
be used not only in secondary, but also in primary aerospace structures as a GREEN alternative 
composites. 

 
 

Professor Dr.-Ing. Xiaosu Yi, University of Nottingham Ningbo 
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Abstract  In this overview, a new solid-state joining method for metals and alloys is presented, where 
the best features of gas metal arc welding, friction stir welding and cold pressure welding are combined. 
The invention, which is known as the Hybrid Metal Extrusion & Bonding (HYB) process, utilizes 
continuous extrusion as a technique to squeeze the aluminum filler material into the groove between the 
two plates to be joined under high pressure to achieve metallic bonding. Originally, the idea was to use 
the HYB process for simple butt joining of aluminum plates and profiles. However, over the years it has 
evolved into a multi-functional joining process handling a wide range of different joint configurations 
(butt, fillet and slot welds) and base metal combinations (Al, Fe, Ti and Cu). At present, up to four 
different metals can be joined together in one pass using the HYB PinPoint extruder and AA6082 as 
filler wire. 
 

 
Professor Øystein Grong (born 1956), received his PhD degree 
from the Norwegian University of Science and Technology (NTNU) 
in 1983. He has worked as a Research Scientist at the Norwegian 
Defence Research Establishment, Kjeller, Norway and as a Visiting 
Research Professor at Colorado School of Mines, Golden, Colorado 
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Colorado (USA). He was appointed Professor of Metallurgy at the 
Norwegian University of Science and Technology in 1987 by the 
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interest and research experience in materials in general and 
microstructural modelling in particular. A significant part of this 

work is related to thermomechanical processing and welding of metals and alloys. He has educated 58 
MSc and 22 PhD students and written 264 publications, including 94 major scientific papers in referred 
international journals. He is also the author of the well-reputed textbook Metallurgical Modelling of 
Welding, which formerly was ranked among the top ten books (best sellers) from the Institute of 
Materials in London. In addition, he holds seven patents and has received four international awards and 
one prestigious national award for his scientific contributions. Professor Grong is currently self-
employed through his own company and fully engaged in the development of the Hybrid Metal 
Extrusion & Bonding (HYB) process together with industry partners and colleagues at the Department 
of Mechanical and Industrial Engineering, NTNU. 
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Abstract. Local approach to ductile fracture has been used to analyse crack initiation and 
propagation in welded joints made of high strength low alloyed steel. Complete Gurson 
micromechanical model was applied to calculate J integral vs. crack length (J-R curves) for 
different locations of a crack, weld metal (WM) and heat-affected-zone (HAZ), both fine grain 
(FG) and coarse grain (CG) subzones. Two different geometries were analysed, 3PB specimen 
and tensile panel (TP), the first one as 2D, and the later one as 3D problem. Numerical results 
were compared with the experimental ones to verify the model, Fig. 1 and enable detailed 
analysis of different effects, including constraint due to material heterogeneity and geometry, 
i.e. stress triaxiality, Fig. 2 & 3. It was concluded that material heterogeneity effect, although 
not very strong, may not be reduced just to ratio of yield strengths of base metal and weld metal, 
but rather, the hardening effect has to be taken into account, whereas geometry produces very 
strong effect due to constraint phenomena, especially with 3PB specimens.  

  

Figure 1 - Comparison between experimental and numerical fracture surfaces for WM 

                    
Figure 2 �± Stress triaxiality ahead of crack tip                   Figure 3 �± J-R curves  
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Abstract.  The development of third generation Al-Li alloys traced to the late 
1980s in order to design a weldable aluminium based alloy having low density for use 
in aerospace launch vehicles and cryogenic tankage. The driving force for 
development and use of Al-Li alloys has been the improvements in specific strength 
(strength/density) and stiffness (elastic modulus/density) offered by the addition of 
lithium. Additionally, Al -Li products offer great advantages in aerostructural 
performance through density reduction, stiffness increase, increases in fracture 
toughness and fatigue crack growth resistance, as well as enhanced corrosion 
resistance. 

The improvements in strength properties of Al-Li alloys are attributed to their 
composition and complex precipitation system that includes different kind of 
precipitates. Additionally, dispersoid particles are formed by the addition of other 
alloying elements that control the recrystallization of the metal. This complex 
precipitation system may influence the corrosion susceptibility of third generation Al-
Li alloys because of the different electrochemical potential of the formed phases 
within the aluminum matrix or of the adjacent precipitates. The predominating 
corrosion mechanisms on Al-Li alloys will be discussed at the microscale as well as at 
the macroscale. At the micro scale, the effect of the precipitates and the chemical 
composition on localized corrosion will be assessed. At the macro scale, the pitting 
and micro-cracking formation on the newly developed Al-Cu-Li alloys will be 
discussed as well as their effect on the structural integrity coupons and aircraft 
components. 
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Abstract  The structural health of lighting poles is of great interest.  Extensive corrosive 
damage of lighting poles may lead to unexpected falls of poles, which may cause dangerous 
injuries and accidents. �7�K�H�� �5�R�F�K�� �³�,�Q�I�U�D�V�W�U�X�N�W�X�U�S�U�R�M�H�N�W�� �6�W�U�D�‰�H�Q�E�H�O�H�X�F�K�W�X�Q�J�� ���������´��
(Infrastructure Project: Street Lighting 2000) study on the structural stability of pole systems, 
which is representative on a Germany-wide scale, found that 3.3% of all poles pose a hazard. 
The standard prevention is regular replacement of lighting poles (e.g. Prague standard in Czech 
Republic is replacement of each pole every 15 years). But it has been shown that some poles 
are deteriorated well before this period while the other poles are in perfect state after 50 years 
of operation.  

So the smart pole replacement based on predictive maintenance principles is more 
appropriate and enables to achieve both higher safety and significantly decrease maintenance 
costs. However, there is huge number of poles to be treated (about 1 mil. poles in Czech 
Republic only).  

There are already many methods to determine actual state of the lighting pole, e.g. based on 
eddy currents, ultrasound, roentgen, static loading, frequency response functions etc. 
Commercially available Roch Test method is based on pole compliance measurement by 
sophisticated device which regularly travels around pole set, loads the pole by hydraulic 
actuator and measures pole deflection. These methods are time consuming, must be performed 
by skilled worker, require installation of special equipment, access to the pole and often provide 
local information only (related to the position of measurement). 
The experimental modal analyses of larger set of lighting poles with same design parameters in 
different state of health was carried out. The differences in higher eigen frequencies could 
clearly determined. So if the experimental modal analyses or at least one frequency response 
function could be measured regularly, the change of selected eigen frequency will indicated 
deterioration of pole state of health. Unfortunately, realization of experimental modal analyses 
measurement cannot be done by unskilled worker even for simple cases. It is also even more 
time demanding then pole loading by static force. 

The pole health detection method based on eigen frequency shift determination from 
acceleration measurement only using ambient excitation (mostly coming from the wind or 
traffic) was developed. The method was tested on acceleration data measured in the field 
laboratory installation of poles. The poles were excited by ambient wind only.  

In addition, cheap smart sensor has been developed. It is equipped with sensitive MEMS 
accelerometer, carries out long term acceleration series measurement, performs data evaluation 
based on eigen frequency shift and other quantites and it is also connected into wireless network 
grid. The pole thus regularly reports its state to central server.  Inspection and replacement can 
be then aimed at problematic areas only. The further potential the sensor grid is investigated. 
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Abstract  Driven by the pressure from energy and environment, more and more attention 
has been paid on the exploration of polymers derived renewable resources, i.e. Bio-based 
polymers. We are all very familiar with the bio-based thermoplastics, such as PLA, PHBV and 
PBS et al. As for the bio-based thermosets, the attention is far from enough. About 10 years 
ago, we have been devoting ourselves to the research on bio-based thermosets, for the purpose 
of developing GREEN composites. In this talk, the bio-based epoxy made from rosin acid and 
itaconic acid with high thermomechanical properties as well as their application demonstration 
will  be overviewed. After that, the functionalized epoxy derived from daidzein and genistein 
will be introduced. Without addition of any flame-retardant elements, they demonstrate 
excellent fire resistance, ranked as V0 grade. It can be expected that, using the special chemical 
structures of biomass, the thermosets with high performance could be developed, which has 
great potential to partially replace the petroleum-based ones for GREEN composites 
manufacture. 
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Abstract  The objective of this work is to investigate the dynamic mechanical behavior of 
carbon fiber reinforced epoxy composites with improved lightening striker protection (LSP) 
characteristics. Dynamic tension and compression tests were carried out using Split Hopkinson 
Bar (SHB) apparatus along with high speed photography and Digital Image correlation (DIC) 
technique to monitor the local strain distribution on specimens during impact tests. 
Experimental characterization under standard conditions was also carried out in order to 
examine the effects of through-thickness electrical conductivity modifier along the interlaminar 
regions of the samples on both quasi-static and dynamic responses of epoxy based carbon fiber 
composites.  
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Abstract  The high hydrophilic characteristics of natural fibers brings in a concern of the 
application of its reinforced polymer composites in many fields, because the moisture uptake 
may deteriorate the dimension stability, mechanical and thermal properties. In the present 
article, nano-clay was used to modify a flax fabrics, and the modified fabrics were then 
saturated with epoxy resin to prepare a composite plate with a vacuum assisted resin infusion 
process. The plate was subjected to 80%RH at various temperatures. The moisture uptake, 
mechanical properties and glass transition temperatures of the composite plates were studied as 
a function of exposure time.  

The water absorption pattern of these composites was found to follow the classic Fickan law. 
The plate with nano-clay treated flax fabric shows a saturated moisture uptake by 30.9%. 
Compared to the control composite plate, the degradation in the tensile strength and modulus 
for the nano-clay treated flax based composite plate was much reduced with the high humidity 
exposure. The nano-clay is expected to reduce the diffusion of water molecules into the flax 
fibers, and to increase the bonding between the flax fiber and resin matrix, which contributes 
to the enhanced hydrothermal ageing resistance of the composite plates. 
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Abstract  

Civil engineering bridges usually face a multitude of loads, ranging from strong winds to 
intense traffic. Thus, it is important to understand their behaviour if one is to properly maintain 
them in good operating conditions. 

The present work presents an image sensing methodology for deflection measurement that 
was employed on the Entre-Águas bridge in Caniçal, Madeira, Portugal. For the application of 
two-dimensional Digital Image Correlation, it was necessary to place a target pattern in the 
monitoring region and a camera setup in stable ground on a plane orthogonal to the target. Two 
different 2D DIC software packages were then used for the calculations, one commercial and 
one self-developed, enabling their comparison and increasing the confidence in the 
experimental results. 

The developed system was applied in order to analyze the effects of the passage of 30-tonne 
trucks in the bridge, with promising results. 

 

Figure 1 �± Average displacement of the speckle pattern obtained using the developed digital 
image correlation system 
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Abstract  

Rotating structures are commonly used important parts in the transportation and energy 
generation fields, where a better understanding of these structures is advantageous for both the 
design and the maintenance phases. The present contribution presents a comparison of results 
for the rotating blades of an RC helicopter obtained using fluid-structure interaction in a 
computer fluid dynamics (CFD) model with measurements performed in the physical object 
using a digital image correlation (DIC) methodology. First, in order to obtain an accurate 
representation of the blades, the �P�D�W�H�U�L�D�O���S�U�R�S�H�U�W�L�H�V���R�I���W�K�H���E�O�D�G�H�V�����Q�D�P�H�O�\���<�R�X�Q�J�¶�V���&�R�H�I�I�L�F�L�H�Q�W����
�3�R�L�V�V�R�Q�¶�V���5�D�W�L�R���D�Q�G���'�H�Q�V�L�W�\�����Z�H�U�H���R�E�W�D�L�Q�H�G���H�[�S�H�U�L�P�H�Q�W�D�O�O�\�� These parameters were used in the 
simulation, where fluid-structure interaction was defined between a fluid model using Reynolds 
Stress Transport viscosity formulation and a finite element model. Afterwards, the obtained 
results were compared with actual measurements and the differences between them are 
analyzed. It was noticed that the major differences between these results are due to the coupling 
between the blades and the hub since the former are able to rotate freely in respect to the latter 
and small gaps, in the range of 0.05 mm, highly affect the results. Thus, the present work 
highlights the necessity of accurate representation of hub connections, even if the gaps are 
difficult to measure. Using live measurement techniques, it is possible to obtain the actual 
behavior of the blades, and either reflect the measured differences in computational models or 
detect issues with the physical specimen. 

 

 

Figure 1 �± Boundary conditions and computational domains of the model 
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Zubova E.M. et al, Experimental study of the damage accumulation 

Experimental study of the damage accumulation in composite materials 
 and ceramic coatings by using of acoustic emission technique  

Ekaterina M. Zubova1, Elena M. Strungar2, Dmitriy  S. Lobanov2, Valery E. Vildeman2  

1 Center of Experimental Mechanics, Perm National Research Polytechnic University, 
 Perm, Russian Federation, cem.zubova@mail.ru 

2 Center of Experimental Mechanics, Perm National Research Polytechnic University, 
 Perm, Russian Federation 

Abstract. Wide application of composite materials in reliable structures leads to the need 
for a detailed study of the processes of deformation, damage accumulation and fracture. 
Additional diagnostic methods for the experimental study of such processes in materials under 
the action of loads are used. Receiving and analyzing new experimental data will allow in the 
future to timely detect defects that indicate a decrease in the bearing capacity of the structure 
or may lead to the loss of its integrity.  

As an additional methods for diagnosing of damage accumulation and destruction of a 
ceramic coating under loading the method of digital image correlation (DIC) and acoustic 
emission technique (AE) were used in this work. The main purpose of the work is to confirm 
the operability of the coating under workloads. 

Acoustic emission signals were analyzed and graphs of the dependencies of the main 
parameters of the signals on time were plotted. In addition, fields and diagrams of the 
�G�L�V�W�U�L�E�X�W�L�R�Q���R�I���O�R�Q�J�L�W�X�G�L�Q�D�O���G�H�I�R�U�P�D�W�L�R�Q�V���0yy along the entire length of the tested sample were 
constructed. The parameters of acoustic emission signals that characterize the processes of 
destruction of the ceramic coating were revealed. It is noted that the method of identifying the 
parameters of the acoustic emission signal used in this work can be implemented on various 
materials and coatings. 

Acknowledgement. The reported study was funded by RFBR according to the research 
�S�U�R�M�H�F�W���‹������-31-00452. 

 

Figure 1 - photo of tensile test 
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Development of LED-based illumination system for high-speed digital 

image correlation 
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. 

Abstract  

The present work describes the design and development of a dedicated illumination system 
for application to high-speed digital image correlation. This type of application requires image 
acquisition to be performed with very short shutter times. This means that there is less time to 
integrate the oncoming light and, as such, it is necessary to have significant light flux in order 
to be able to acquire quality images. As such, illumination is usually the major concern in such 
high-speed imaging applications. 

The developed system uses a strobing high-power LED light source to tackle this issue, and 
illuminate the specimen with a large light flux during a very short period. This reduces the 
amount of heat that the specimen receives from the lighting source and has the advantage of 
allowing the use of cameras that would otherwise be unable to use such short shutter times 
effectively. 

In this paper, the whole design of the device is described. From the control electronics to the 
mechanical design, including the optical design of an appropriate reflector. 

 

 

Figure 1 �± Final mechanical design of the developed system 
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Application of 3D electronic speckle pattern interferometry for analysis of 

thermal response in printed circuit boards 

Pedro J. Sousa1,2, Fernando Carneiro2, Nuno Viriato Ramos2, Francisco Barros2, Mário 

A. P. Vaz1, Paulo J. Tavares2, Pedro M. G. P. Moreira 2 

1Faculty of Engineering, University of Porto, Rua Dr. Roberto Frias, s/n, 4200-465 Porto, 
Portugal  

2INEGI - Institute of Science and Innovation in Mechanical and Industrial Engineering, Rua 
Dr. Roberto Frias, 400, 4200-465 Porto, Portugal 

. 

Abstract  

The present work reports the development of a method for measurement of sub-micrometer 
displacements due to the thermal response of printed circuit boards. 

The developed system employs Electronic Speckle Pattern Interferometry in three 
dimensions���� �R�E�W�D�L�Q�L�Q�J�� �W�K�U�H�H�� �R�U�W�K�R�J�R�Q�D�O�� �G�L�V�S�O�D�F�H�P�H�Q�W�V�� �R�I�� �W�K�H�� �V�S�H�F�L�P�H�Q�¶�V�� �V�X�U�I�D�F�H�� �I�U�R�P�� �W�K�H��
resulting phase maps. Afterwards, the displacements are corrected, removing the rigid rotation 
of the physical support and the relative rotation between the two regions of interest is calculated. 

This method provides a very high-resolution displacement measurement tool, which is very 
important, for example, in the design phase of outdoor surveillance cameras to optimize image 
quality. 

 

 

 
X axis 

 
Y axis 

 
Z axis 

Figure 1 �± Filtered phase maps for the region of interest inside the specimen 
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Classification of multiple acoustic-emission features for the safety 

evaluation of a road bridge under service load and environmental changes  

Imane Bayane1, Joyraj Chakraborty 22, Andrzej Katunin 2, Eugen Brühwiler 1  

1 Laboratory of Maintenance and Safety of Structures (MCS), Swiss Federal Institute of 
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2 NeoStrain Sp. z o.o., Lipowa 3, 30-702 Krakow, Institute of Fundamentals of Machinery 

Design, Silesian University of Technology, Gliwice, Poland, joyraj@neostrain.pl 

Abstract  Monitoring the condition of road bridges in real time as a part of sustainable 
management involves the use of non-destructive techniques to perform an appropriate 
evaluation without creating damage or interrupting traffic.  Acoustic Emission (AE) is a non-
destructive technique that was widely used for bridge assessment. The potential of this 
technique to detect damage in reinforced concrete structural elements was demonstrated in 
different laboratory tests. Many features can be extracted from AE signal, but only detailed 
analysis and appropriate correlations can lead to inclusive and useful information.  

This paper presents a classification methodology of multiple AE features to obtain useful 
information about the structural safety of a reinforced-concrete slab under service. AE 
technique was used for real-time in-situ monitoring and was combined with strain gauges and 
thermocouples to evaluate the variation of AE features with traffic and temperature changes. 
The classification was based on receiver operating characteristics where an optimum threshold 
was calculated for each feature. 

It is shown that some AE features are more sensitive to traffic and temperature variations 
than others are. The correlation of the classified AE features gives useful information about the 
changes in concrete and presents a base to an appropriate detection of damage evolution in 
reinforced-concrete slabs under service loads and environmental changes.   
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  Thomas Simson et al, LPBF of MAR 300 
 

Mechanical Properties of 18Ni-300 maraging steel manufactured by LPBF 
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Abstract  The purpose of this document is to investigate the influence of heat treatment on 
the mechanical properties of parts from MAR 300 (EN 1.2709) produced by laser powder bed 
fusion (LPBF). In order to compare the influence of the heat treatment on the parts properties, 
some parts were in the state solution annealed and others age hardened tested. Age hardening 
at 490 ºC for 6 hours was applied for improving the mechanical properties. The starting 
material has a decisive influence on the achievable quality and properties of the end product 
and thus forms the basis of the present investigations. 

Therefore, powder characterization has been performed in order to work out ageing effects 
after multiple use. As a major ageing effect an increasing oxygen content could be identified 
which might affect process and parts quality. Diff erent powder states (e.g. new, sieved and 
waste) were characterized for this purpose. Similar samples were produced with the LPBF 
process by an EOS M290 metal printer. For industrial acceptance, AM parts need to be 
produced to the best available tolerances and with well-understood mechanical properties. For 
this purpose, the mechanical properties of the LPBF samples have been analysed and are 
compared to those properties for conventional samples. In this investigation, the mechanical 
tests (hardness test, tensile test and notch impact resistance) have been performed in 
horizontal and vertical directions of manufacturing by LPBF. The hardness increased from 
333~341 HV10 to 640~656 HV10 after heat treatment. Simultaneously, the ultimate tensile 
strength (Rm) increases from 1056~1096 MPa to 1964~2102 MPa, while the break elongation 
(�0tot) is reduced from 11.3~16.0% to 2.0~4.5%. Aged samples show a significant decrease in 
toughness in the Notch Impact Test. A specifically designed ball joint test setup has shown 
that the frame manufactured by LPBF provides comparable results as a conventionally 
manufactured frame and is robust and suitable for the prototype production and test of car 
headlamps. 
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On instabilities of growing bi-material interfaces 
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Abstract  A variety of morphological patterns initially arise on surfaces of growing precipitates 
at small length scales. The patterns could be ridges, wrinkles or fringes. Formation of these 
patterns directly influences the final shape of precipitates, and are assumed to be mainly caused 
by the change of volume of the new phase. To better understand the cause of different patterns 
an analytical study of the stability of the precipitate-matrix interface is performed. First a wavy 
interface perturbation is used to examine the spontaneous variations that occur at the 
precipitate-matrix interface. The analysis utilizes Cerruti's solution to compute the perturbed 
stress field surrounding the interface. It is shown that a virtually flat surface subjected to tension 
is in general unstable. The amplitude of sinusoidal perturbations decays for short wave lengths 
and grow for longer wave lengths. Both a critical wave length for which the perturbation 
amplitude is unaffected and a specific ditto which obtain maximum perturbation growth rate 
are derived. 

 
 

 

Figure 1 �± Stress field at wavy interfaces 
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Mechanical Characterization of Sandwich Composites with Embedded 

Sensors 
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Abstract Sandwich composite materials have been used in aerospace structures due to their high 
stiffness and lightweight. The fact that these materials are anisotropic and have complex failure modes 
has led to the evolution of a structural health monitoring (SHM) systems, which uses sensing systems 
to detect and characterize the structural integrity of a component. The configuration of a composite 
makes it difficult to predict its structural behaviour using only surface sensors, since internal material 
damage can occur, and cannot be detected by Non-Destructive Tests (NDT) or visual inspection. In 
order to solve this problem, the embedded sensors appear as an alternative to measure the deformation 
in internal regions of the composite. The objectives of this work are the development of a 
methodology for introducing strain gauges and fibre Bragg grating sensors on the surface and 
embedded them in a sandwich composite material, carry out stiffness tests (flexural and tensile tests), 
and creep tests. This material consists of a cork agglomerate core with glass fibre skins and epoxy 
resin. The core was selected since it is a material that presents a high mechanical resistance to shear 
loads, good thermal and acoustic insulation capacity, which dissipates the deformation energy. The 
obtained results are validated by comparison with the results provided by the Digital Image 
Correlation program. Finally, it is intended to assess whether measurements are reliable and how 
embedded sensors change the mechanical behaviour of the material. 
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Numerical Modelling of Flexural Behaviour  of Cork-Core Sandwich 

Composites 
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Abstract The use of cork core sandwich composites has increased due to its high shear strength 
when compared to other core materials, improved thermal and acoustic insulation properties 
and a low environmental impact. Considering the nonlinear elastic behaviour of cork, it is 
important to predict accurately the final structural behaviour when this type of material is used 
to manufacture composite components. In this work, a standard composite sandwich consisting 
of a cork agglomerate core reinforced with an fibre glass epoxy skin was modelled and studied 
using finite element analysis (FEM). The granular nature of this core material and the 
production method of the composite panels difficult the numerical prediction. During 
production, the laminate is hot-pressed which compresses the cork, increasing its initial 
stiffness. The cork agglomerate also absorbs resin, creating a region where cork is reinforced 
by resin impregnated between the initial cork panel and both skins. The finite element model 
of this composite was created in which a new layer between the initial cork panel and both skins 
is modelled as a different material, that will become a function of the open porosity of the cork 
agglomerate. All  results obtained are compared with data from four-point bending tests carried 
out in previous works, and allow to conclude that this new FEM approach can be used to 
accurately predict flexural behaviour of different cork core sandwich composite configurations. 
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Abstract  Oxidative treatment of Multi-�:�D�O�O�H�G���&�D�U�E�R�Q���1�D�Q�R�W�X�E�H�V�����0�:�&�1�7�¶�V�����Z�D�V���G�R�Q�H��
by chemical functionalization using mixture of sulfuric (H2SO4) acid and nitric acid (HNO3). 
Functionalization was governed by the parameters such as mixture acids concentration, 
temperature, t�L�P�H���R�I���K�H�D�W�L�Q�J���D�Q�G���D�P�R�X�Q�W���R�I���0�:�&�1�7�V�����)�X�Q�F�W�L�R�Q�D�O�L�]�H�G���0�:�&�1�7�¶�V���Z�H�U�H���G�L�O�X�W�H�G��
�L�Q�� �G�L�P�H�W�K�\�O�I�R�U�P�D�P�L�G�H�� ���'�0�)���� �D�Q�G�� �W�K�H�� �D�P�R�X�Q�W�� �R�I�� �0�:�&�1�7�¶�V�� �\�L�H�O�G�� �R�E�W�D�L�Q�H�G�� �D�I�W�H�U��
�I�X�Q�F�W�L�R�Q�D�O�L�]�D�W�L�R�Q�����D�V���Z�H�O�O���D�V�����W�K�H���S�H�U�F�H�Q�W�D�J�H���R�I���V�R�O�X�E�O�H���0�:�&�1�7�¶�V���L�Q���'�0�)���Z�H�U�H���D�Q�D�O�\�V�H�G�����%�\��
increasing the time of functionalization, it was observed that overall yield decreases but the 
percentage of functionalized product inside the yield quantity remains the same. Material 
characterization was also addressed.  

�&�K�H�P�L�F�D�O���I�X�Q�F�W�L�R�Q�D�O�L�]�D�W�L�R�Q���R�I���0�:�&�1�7�¶�V���L�V���J�H�Q�H�U�D�O�O�\���Vignificant for the manufacturing of 
polymer-based nanocomposites, since the oxidative treatment enhances their dispersion and 
interfacial bonding within the epoxy matrix. A bio-based epoxy resin was selected for the 
manufacturing of nanocomposite samples with various concentrations of not functionalized and 
functionalized MWCNTs. Mechanical and electrical characterization was finally carried out to 
�L�Q�F�U�H�D�V�H���W�K�H���N�Q�R�Z�O�H�G�J�H���R�Q���W�K�H���L�Q�W�H�U�D�F�W�L�R�Q���R�I���0�:�&�1�7�¶�V���Z�L�W�K���W�K�H���V�H�O�H�F�W�H�G���J�U�H�H�Q���H�S�R�[�\���P�D�W�U�L�[��
system and their influence on the original properties of the resin. 
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Abstract  The development of the models of mechanics of deformable solid, which describe 
the postcritical stage and the corresponding fracture conditions, is important for improving the 
methods of refined strength analysis of critical structures, predicting their behavior and 
estimating survivability, including the describing the processes at the crack tip. The wide 
applicability of polymer composite materials in the manufacturing of critical structural 
elements that operate under conditions of complex thermomechanical effects, determines the 
actuality of studying the occurrence of limiting states and the destruction of composites under 
various loading conditions. 
New experimental data on the regularities of deformation and fracture of layered glass and 
carbon plastic composites with various reinforcement schemes were obtained. Particular 
attention is paid to the manifestation of the postcritical behavior of composites, which is 
characterized by a decrease in the load that the sample is able to perceive, with a monotonous 
increase in displacements. In this case, the postcritical deformation stage is associated with the 
development of damage accumulated during the loading process, interaction of defects and 
subsequent partial destruction of the structural elements of the composite material. The tests 
were carried out on the samples of various shapes under tension, compression and three-point 
bending in a wide range of temperatures. The influence of temperature on the regularities of 
deformation and fracture of polymer composites and the realization degree of the postcritical 
deformation stage has been estimated. Methodical issues of experimental study of the effect of 
the rigidity of the loading system on the postcritical deformation and destruction of polymer 
composites under compression, three-point bending and interlayer shear (short beam method) 
are considered when using various combinations of disc springs in the loading circuit. 
Experimental data on the effect of the rigidity of the loading system on the realization of the 
equilibrium stage of postcritical deformation during the destruction of composite materials 
during the interlayer shear are obtained. The structure of the destroyed prototypes was analyzed. 
The work was carried out with support of the Russian Science Foundation (Project 16-19-
00069) in the Perm National Research Polytechnic University. 
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*Corresponding author: plopezcrespo@uma.es 

Abstract  In this work a new procedure for the experimental determination of crack opening 
load based on ASTM offset compliance method is presented. The method is applied to a 
broadband random loading process on a fatigue crack grown on a compact tension Al2024 
specimen. The very good results observed suggest that the new procedure could be used for 
general loading processes and not only for constant amplitude or slowly changing loading, as 
it is recommended in the standards. Additionally, the good agreement between the opening load 
experimentally obtained by the new procedure and the calculated values by the Strip Yield 
Model increase the reliability of this model. It is expected to extend the proposed methodology 
to other materials and loading spectra. 
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Abstract  In this work we present a novel methodology to analyse the plasticity inside 
engineering materials. The plastic zone developed ahead of a fatigue crack in a bainitic steel 
compact tension specimen is studied. The bulk of the steel is probed with synchrotron X-ray 
diffraction technique that can be used to measure the elastic strain field deep inside the material. 
The procedure involves combining the experimental synchrotron data with numerical data to 
obtain the equivalent strain map. This map is then converted into a stress field where the 
boundary of the plastic zone can be directly extracted. A summary of the procedure is shown 
in Figure 1. The procedure is tested on different lengths of a fatigue crack and the results are 
compared to plane stress and plane strain models. The promising results will enable key 
progress on understanding the mechanisms that generate the damage at the tip of fatigue cracks 
in engineering components.  

 

Figure 1 - Flow chart summarising the different steps for obtaining the plastic zone from 
synchrotron X-ray diffraction data. 
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Abstract The purpose of this paper is the estimation of the Fatigue Lifetime of the 
�3�R�U�W�X�J�X�H�V�H���$�L�U���)�R�U�F�H�¶�V���(�S�V�L�O�R�Q���7�%-30 aircraft, by strain analysis on critical components of the 
aircraft. 

The experimental studies and knowledge of aircraft loads was used to reverse engineer a 
suitable Finite Element Model of the structure, from which the stress fields in previously 
identified structural hotspots were retrieved. 

Cumulative damage on the structure is calculated for reference loading spectra using the 
Palgrem-Miner rule and suitable fatigue criteria. 

�7�K�H���6�W�U�H�V�V�� �,�Q�W�H�Q�V�L�W�\�� �)�D�F�W�R�U�V���D�W���W�K�H���F�U�L�W�L�F�D�O���F�R�P�S�R�Q�H�Q�W�¶�V���Q�R�W�F�K�H�G���J�H�R�P�H�W�U�\�� �Z�H�U�H���H�V�W�L�P�D�W�H�G��
using two different approaches: the Finite Element and Extended Finite Element Methods from 
ABAQUS. Crack propagation was then modelled using several laws (Paris, Walker, NASGRO, 
Forman). A comparison between the two numerical methods and the results of the several 
propagation laws are presented. Parameters for the various equations for Al 2024-T3 are 
obtained through the fitting of prior experimental data. 

Lastly, it was suggested new scheduling of maintenance activities to adjust the 
�P�D�Q�X�I�D�F�W�X�U�H�U�¶�V���V�S�H�F�W�U�X�P���U�H�V�X�O�W�V���W�R��the loading conditions of the aircraft. 
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Abstract The objective of this paper is to collect and analyse the fatigue data of the PrtAF 
Epsilon TB-30 fleet related to vertical loads (G-factors) and stress in several critical points 
along the wing and fuselage. This works compiles the analysis of more than 800 Flight Hours 
�D�Q�G���W�K�H���G�H�I�L�Q�L�W�L�R�Q���R�I���W�U�D�Q�V�I�H�U�H�Q�F�H���I�X�Q�F�W�L�R�Q���I�U�R�P���*�¶�V���W�R���V�W�U�H�V�V���R�Q���W�K�R�V�H���V�W�U�H�V�V���S�R�L�Q�W�V�����6�R�����E�D�V�H�G��
on the data collected the severity of the Portuguese Air Force operation will be compared to the 
severity stablished by the manufactured during real scale fatigue test. To do so, it was chosen 
one wing critical location and a representative test samples was designed to represent the typical 
stress field running on the wing. Two sets of 4 samples were produced, the first set was used to 
simulate the PrtAF spectrum in the critical location and the other 4 were used to simulate the 
manufacturer spectrum. The experimental results were compared to the AFGROW simulations. 
Base on the results of the experimental study the initial inspection intervals were adjusted to 
guarantee that are adequate and suitable to the PrtAF severity of operation. 
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Abstract  

This paper presents a failure analysis of the upright component of the suspension system. 
This component belongs to the suspension of a prototype vehicle of the Lisbon University 
Formula Student team. 

The component was manufactured by a CNC machine in two steps with an upside down 
exchange position. This introduced some concentricity misalignments on the cylindrical 
surfaces which support the axle bearings. As a result, a large number of fatigue cycles arise 
during the rotation of the wheel, and a fatigue failure appears after some hours of running the 
vehicle on the tracks and practice areas. 

This work involved the detailed analysis �I�U�D�F�W�X�U�H�¶�V�� �V�X�U�I�D�F�H�� �X�V�L�Q�J�� �R�S�W�L�F�D�O�� �D�Q�G�� �V�F�D�Q�Q�L�Q�J��
electron microscopies. Those observations are intended to obtain the photographic images of 
the failure surface for failure mode determination. 

A finite element model was performed to verify these manufactured misalignments causes 
such stress levels promoting the fatigue fracture of the component. Also a modified geometry 
was created and analysed to improved strength of the component. 
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Abstract  

Sandwich structures are widely used in motorsport and transportation industry due to their 
high bending stiffness allied to lightweight characteristics. Despite these properties, they are 
very weak to withstand localized loads, requiring a reinforcement to disseminate the effort into 
a larger area. Normally, those reinforcements are inserts but, in this work, a new approach is 
studied where the honeycomb core is locally removed and the inner skin joins the outer one, 
creating a rigid attachment point called chamfer. 

The monocoque chassis is the central piece of a racing car, so all other parts are connected 
�W�R���L�W�����W�U�D�Q�V�P�L�W�W�L�Q�J���H�I�I�R�U�W�V�����7�K�L�V���Z�R�U�N���I�R�F�X�V���R�Q���W�K�H���V�X�V�S�H�Q�V�L�R�Q���D�W�W�D�F�K�P�H�Q�W���D�U�H�D���R�I���)�6�7���/�L�V�E�R�D�¶�V��
formula student monocoque chassis, analysing these two types of reinforcements in terms of 
inserts diameter and chamfer geometry. A finite element model was built in order to set the 
comparison between the different geometries, first separately and then when included in a 
suspension quarter. Subsequently, the geometries with best results were chosen and a laminate 
layup optimization was made. Lastly, for validation of the analytic model, four specimens of 
each one of the two approaches were built and a pull-out test was performed on them, with a 
custom developed apparatus.  

Failure modes similar to those theoretically previewed were achieved and a finest correlation 
between the experimental and analytical results were found for inserts than for chamfers, 
probably due to inevitable manufacturing errors. Lastly, the results were applied in the 
�F�R�Q�V�W�U�X�F�W�L�R�Q���R�I���W�K�H���W�H�D�P�¶�V���Q�H�Z���S�U�R�W�R�W�\�S�H���P�R�Q�R�F�R�T�X�H�� 
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Abstract  Plasticity Induced Crack Closure (PICC) is considered the main mechanism 
related to the premature contact of the crack flanks when a crack grows under cyclic loadings. 
�7�K�L�V���S�K�H�Q�R�P�H�Q�R�Q���K�D�V���E�H�H�Q���V�W�X�G�L�H�G���Q�X�P�H�U�L�F�D�O�O�\�� �V�L�Q�F�H���W�K�H���H�D�U�O�\�� �����¶�V�����Z�K�H�Q���V�R�P�H���U�H�V�H�D�U�F�K�H�U�V��
approached to metal fatigue problems by means of the finite element analysis. Most of these 
analyses have been performed considering bi-dimensional models. Lately, the use of three-
dimensional models has been extended.  

A great number of numerical parameters have to be taken into account when this kind of 
problems are analysed. The mesh size, the material model, the number of loading cycles, how 
the contact between crack flanks is modelled, when the nodes are released and other 
parameters have a great influence on the results. The methodology considered in the three-
dimensional models is usually inherited from previous bi-dimensional studies of the influence 
of these parameters. The current computational capabilities allow a comprehensive study of 
the influence of these numerical parameters in three-dimensional models.  

When running a finite element analysis, it is not possible to consider all the loading cycles 
involved in an experimental analysis. The computational cost is not acceptable. The crack 
growth usually is simulated releasing nodes. The numerical rates are unrealistic when 
comparing with real ones. Therefore, in this work, the crack growth scheme is analysed. In 
particular, the influence of the number of loading cycles after releasing the last set of nodes 
on the PICC results is studied. 

For this purpose, a CT aluminium specimen has been modelled three-dimensionally. 
Several calculations have been made in order to evaluate the influence of the number of 
loading cycles after realising the last set of nodes. The results are analysed in terms of crack 
opening and closure values. Eight different cases have been analysed for a 3mm specimen 
thickness. The load applied is which corresponds to a stress intensity factor K=25MPa·m1/2. 
The plastic wake length previously developed is 0.4 times the plastic size. Two different 
stress ratios are considered R=0.1 and 0.3. For each one, four different number of load cycles 
between node releases are considered ranging from 1 to 8 cycles. 

   

 

,
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Abstract Wood is a hierarchical composite material formed by trees. It has a complex and 
heterogeneous morphology generated by the biomechanics of the tree. In recent decades, wood 
and wood-based products have been enhanced by sustainable development policies. Their 
engineering applications spread over a wide spectrum of loading scenarios including 
viscoelastic, quasi-static, intermediate and high strain rate regimes. 

In this work, a new image-based inertial impact test was applied for the identification of the 
high strain rate behaviour of Pinus pinaster Ait. wood. The approach coupled full-field 
deformation measurements provided by the grid method with the virtual fields method for 
extracting dynamic parameters of the material in the form of both the stiffness and strength. 
The test consists of apply a short compressive pulse to one face of a rectangular specimen. The 
pulse travels at a given acceleration field through the specimen until reaching its free edge. The 
pulse is then reflected in the form of a tensile loading eventually causing the specimen failure. 
From the displacement fields both strain and acceleration fields are then reconstructed. They 
are needed as input in the equilibrium equation of the Principle of the Virtual Work. The inertial 
impact tests were carried out using a custom built gas gun. A waveguide and projectile had a 
cylindrical configuration made of aluminium. Wooden samples oriented on the transversal 
plane were tested with nominal dimensions of 50×30×5 mm3. The specimens were bonded to 
the cylindrical wave guide using cyanoacrylate glue. Images were recorded using a Shimadzu 
HPV-X ultra-high speed camera coupled with a Sigma 105 mm macro lens (Pixel array size 
400×250 pixels2; Total frames 128; �,�Q�W�H�U�� �I�U�D�P�H�� �W�L�P�H�� �������� ���V;  Grid pitch of 0.7 mm; Grid 
sampling of 5 pixels/period; Raw displacement resolution estimation of �������� ���P; Strain 
resolution of the order of ���������P���P; Acceleration resolution of about 6×105 m/s2. From the data 
reduction scheme based on the VFM both elastic parameters and strength properties of Pinus 
pinaster Ait. wood were determined and discussed. 
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Abstract Wood is a biological composite material. It has a complex and heterogeneous 
structure generated by the biomechanics of the tree. Wood and wood-based products are at the 
core of sustainable engineering materials. Their current applications may cover a spectrum of 
loading scenarios including viscoelastic, quasi-static, intermediate and high strain rate regimes. 

In this work, the high strain rate behaviour of Pinus pinaster Ait. wood has addressed using 
the split-Hopkinson pressure bar test. For comparison purposes quasi-static compression tests 
were also considered. Tests were carried out using both radial and tangential specimens. The 
nominal dimensions of the samples were 10×20×5 mm3 and 10×20×10 mm3, respectively, for 
the quasi-static and high strain rate tests. The digital image correlation technique was used in 
order to reconstruct the strain field at the gauge section of the specimens by integrating 
measurements over a few growth annual rings (correlation criterion: zero-normalized sum of 
squared difference; shape function: affine; image interpolation: bicubic spline interpolation; 
image prefiltering: gaussian kernel size of 5 pixels; strain windows: 9 subsets; strain tensor: 
Green-Lagrange; strain interpolation: bilinear quadrilateral). The DIC MatchID software was 
employed. A CCD Manta G-505 (2452×2056 pixels2, 1 fps) and Photron FASTCAM SA-Z 
(320×192 pixels2, 105 fps) cameras were selected for quasi-static and high strain rate tests, 
respectively. 

From the data reduction schemes of both tests, the constitutive laws on both radial and 
tangential specimens were measured. From the constitutive behaviour, mechanical properties 
�L�Q�F�O�X�G�L�Q�J���<�R�X�Q�J���P�R�G�X�O�X�V�����3�R�L�V�V�R�Q�¶�V���U�D�W�L�R�Q���D�Q�G��compressive strength were evaluated from both 
strain rate regimes. It was founded that the measured mechanical properties increased by 
increasing the strain rate. Young modulus were enhanced by an average factor of 6% and 22% 
for radial and tangential directions, respectively, whilst the compressive strength were 
increased by 105% and 122%. 
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Abstract. High reliability of created structures and prevention of industrial accidents are 
vastly determined by the availability of information about physical, mechanical and strength 
characteristics of used materials, considering the influence of real external actions, which cause 
the complex stressed state of material. Failure processes in metals and alloys are associated 
with changing in their structure and mechanical properties during loading. Effects of serrated 
yielding lead to a significant decrease of streng�W�K���D�Q�G���S�O�D�V�W�L�F�L�W�\�����D�O�V�R���U�H�G�X�F�H���T�X�D�O�L�W�\���R�I���P�D�W�H�U�L�D�O�¶�V��
surface. Bending and the spontaneous macroscopic localization of plastic flow lead to a non-
uniform thickness, and, as a consequence, to macroscopic fracture. 

 

 

Figure 1 �± Inhomogeneous fields of local strain rate during tension-torsion loading of 
carbon steel tube with concentrator 

This work is concerned with improvement of experimental methods for studying the 
influence of the stress-strain state on the spatial time inhomogeneity die to the jerky flow on 
the example of Al-Mg alloys and carbon steels. The implementation of a complex stress state 
is based on the use of specimens with special complicated geometry and specimens with stress 
concentrators. Mechanical tests were carried out on uniaxial tension of plates with a rigid rim, 
in the working part of which biaxial tension and combined tension-compression loading is 
realized. Tests on proportional tension with torsion of thin-walled tubular samples with stress 
concentrators were provided as well (fig. 1). Evolution of inhomogeneous strain and 
temperature fields were analyzed by using digital image correlation technique and infrared 
thermography. Experimental data on the kinetics of initiation and development of the 
deformation bands due to the Chernov-Lüders behavior and Portevin-Le Chatelier effect in 
various types of stress-strain state of the material were obtained. The work was carried out in 
the Center of Experimental Mechanics of Perm National Research Polytechnic University and 
�I�X�Q�G�H�G���E�\���W�K�H���5�X�V�V�L�D�Q���6�F�L�H�Q�F�H���)�R�X�Q�G�D�W�L�R�Q���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���U�H�V�H�D�U�F�K���S�U�R�M�H�F�W���‹������-79-00242. 
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Abstract  In recent years, natural hydraulic lime (NHL) mortars have gained increased 
attention from researchers, not only as restoration materials for monuments and historical 
buildings, but also as an eco-friendly material which can be used as binder to formulate 
mortars for contemporary structures. In the present study, an extended database related to 
natural hydraulic lime mortars is compiled, related to all three NHL grades (NHL5, NHL3.5, 
NHL2) and soft computing techniques are utilized in order to reveal the influence of the 
�P�R�U�W�D�U�¶�V���P�L�[���G�H�V�L�J�Q���R�Q���P�H�F�K�D�Q�L�F�D�O���V�W�U�H�Q�J�W�K�����D�V���Z�H�O�O���D�V���W�R���S�U�H�G�L�F�W���W�K�H���F�R�P�S�U�H�V�V�L�Y�H���V�W�U�H�Q�J�W�K���R�I��
NHL mortar mixes. Namely, artificial neural networks (ANNs) and genetic programming 
(GP) models are used in order to predict the compressive strength of NHL mortars. Thus, the 
influence of binder to aggregate, binder to water and maximum aggregate size on the 
compressive strength of a mortar at different mortar ages is revealed, for the three grades of 
�Q�D�W�X�U�D�O�� �K�\�G�U�D�X�O�L�F�� �O�L�P�H���� �I�X�U�W�K�H�U�� �K�L�J�K�O�L�J�K�W�L�Q�J�� �D�V�S�H�F�W�V�� �R�I�� �W�K�L�V�� �³�Q�H�Z�´�� �P�D�W�H�U�L�D�O���� �Z�K�L�F�K�� �K�D�V�� �E�H�H�Q��
used as a binder since antiquity. 
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Abstract  Despite the abundance of research works, both experimental and theoretical, 
conducted since the middle of the previous century up to today, the determination of the shear 
stress value is still remains an open issue of great interest in structural engineering. The need 
for further research is indicated by the fact that the majority of available proposals, whether 
proposed by regulatory agencies or various individuals researchers, lead to the estimation of 
different shear stress values; moreover, the comparison of estimated values with experimental 
values demonstrates that the available proposals lead to an overestimation or to an 
�X�Q�G�H�U�H�V�W�L�P�D�W�L�R�Q���R�I���W�K�H���³�W�U�X�H�´���V�K�H�D�U���V�W�U�H�V�V����In this research study, the artificial neural networks 
approach is used to estimate the ultimate shear capacity of reinforced concrete beams with 
transverse reinforcement. More specifically, surrogate approaches, such as artificial neural 
network models, have been examined for predicting the shear capacity of concrete beams, 
based on experimental test results available in the pertinent literature. The comparison of the 
consequent results with the corresponding experimental ones as well as with available 
formulas from previous research studies or code provisions makes obvious the ability of 
artificial neural networks to evaluate the shear capacity of reinforced concrete beams in a 
trustworthy and effective manner. 
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Abstract Wind power is currently the fastest growing energy source in the world, with an 
annual growth rate of around 20 percent. Most new wind farms are being installed offshore 
where large spaces and higher average wind speeds are available, allowing larger and more 
efficient turbines to be installed.  

Offshore turbines in shallow water are predominantly installed using a monopile foundation, 
onto which a transition piece and wind turbine are attached. The monopile to transition piece 
(MP-TP) connection is generally made using a grouted connection, however there have been 
reported cases of grout failure causing turbine slippage, among other issues. One solution is to 
use bolted ring flange connections which provide a firm fixing between the MP-TP connection 
using a large number of M72 bolts. 

Offshore wind operators have begun to experience preload relaxation and even full loosening 
of these bolts due to a number of influencing factors. It is in the interest of the offshore wind 
operators to reduce the number of visits to these turbines due to large operation and maintenance 
costs, which directly influence the levelised cost of electricity. 

The present study focuses on the effect on preload of bolt tightening on based on the tensioning 
method. A detailed finite element model of a seven-bolt representative segment of a monopile 
flange has been developed with material properties obtained from the available literature. Three 
analysis are made to examine the effect on preload after tightening, including the initial preload 
level applied to the bolts, the tightening sequence and finally the effect of and additional 
tightening pass. 

Three initial tightening loads based on 70-90% of the bolts yield strength are modelled, showing 
a maximum preload reduction across the bolts of around 5% experienced in all three cases. Two 
conclusions of these models are that higher initial preload levels lead to a larger total preload 
reduction and that lower initial preload levels are susceptible to a reduction below the minimum 
required limit set by the standards. 

The tightening sequence has no effect on the final preload value of the first bolt tightened in 
any sequence, which experiences the largest reduction in preload. Tightening of the bolts using 
sequences results in preload scatter across the bolts. A second pass was modelled using the 
same tightening sequence as the first pass which results in all bolts meeting the targeted level 
of preload. 
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Abstract    

Claiming more than 1.35 million lives each year and causing up to 50 million injuries, road 
traffic accidents represent the eight leading cause of death globally. Road traffic accidents is 
currently the leading cause of death for children and young adults aged 5-29 years old. Road 
traffic crashes cost most countries 3% of their gross domestic product representing a huge social 
and economic issue. Two wheelers (TW) vehicles that includes motorcycles, mopeds and 
bicycles represents 31% of the fatalities worldwide in traffic accidents. This way, accident 
reconstruction takes a very important role in order to determine the accident dynamics and to 
investigation of the causes and the responsibility of an accident. After the impact of a TW with 
another vehicle or with an element of the road, it is going to suffer some damages and 
deformations. Structural failure can occur especially in the front parts of the TW (front wheel 
and front suspensions). What is the impact on the results of computational simulations of a 
PTW accident when that deformations are not considered? Using the software PC-Crash, the 
influence of the change of geometry in a PTW due to its damages is going to be analyzed. To 
consider the deformations of a PTW in the computational simulations, different multibody 
models are going to be considered and modified (Figure 1). The movement of the vehicles is 
going to be analyzed in the impact phase and especially in the post-impact phase.  Also fracture 
can occur in front suspension and that leads to the crash.  A case study of a motorcycle that was 
suspected to have fracture in the front suspension is presented where from the analysis of the 
fracture combined with the results of the accident reconstruction has proved that the fracture 
occurred during the crash.  Different examples with structural failure and separation of 
structural elements as a consequence of the crash are examined to verify how this influences 
the post-crash motion.  In general the structural separation don´t affects significantly the post-
crash motion.  
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Abstract The strain history of a ductile material can affect its apparent initiation fracture 
toughness as well as its resistance to subsequent crack growth. Using neutron diffraction or 
synchrotron X-ray diffraction in conjunction with digital image correlation, it is possible to map 
both the total strain around the tip of a propagating crack, and the elastic strain component. 
Separating the elastic and irreversible strain components allows us to experimentally investigate 
the effects that residual stresses and prior strainhardening have on crack propagation. This 
article presents the results of two experiments using these techniques. In the first experiment, it 
was shown that residual stresses in a 7xxx-series aluminium alloy affect not only the initiation 
of fracture but also fracture propagation. During crack propagation, residual stress relaxation 
occurs due to extension of the crack and plastic deformation in the region ahead of the crack 
�W�L�S���� �7�K�L�V�� �D�I�I�H�F�W�V�� �W�K�H�� �P�D�W�H�U�L�D�O�¶�V�� �D�S�S�D�U�H�Q�W�� �F�U�D�F�N�� �J�U�R�Z�W�K�� �U�H�V�L�V�W�D�Q�F�H�� �L�Q�� �D�� �Q�R�Q-linear manner and 
hence changes its fracture stability. In a second experiment, it was shown that the plastic zone 
ahead of a crack in a ductile material (in this case a ductile ferritic steel) can be modified by 
localised strain-hardening prior to fracture. Localised strain-hardening using an indentation tool 
�Z�D�V�� �R�E�V�H�U�Y�H�G�� �W�R�� �F�D�X�V�H�� �V�P�D�O�O�� �L�Q�F�U�H�D�V�H�V�� �L�Q�� �W�K�H�� �V�S�H�F�L�P�H�Q�V�¶�� �S�H�D�N�� �O�R�D�G�� �F�D�S�D�F�L�W�\�� �D�Q�G�� �L�W�V�� �H�Q�H�U�J�\��
absorption prior to the onset of unstable tearing. Using synchrotron diffraction, it was shown 
that is because hardening a region ahead of the crack tip causes stress redistribution to this 
region and away from the crack tip itself during fracture loading. These findings can inform 
how ductile and semi-ductile fracture is treated in structural integrity assessment procedures, 
particularly in the presence of residual stress. They also suggest that new localised peening 
treatments to improve the fracture resistance of structures in certain areas may be possible.  

  

  
Figure 1: Stress distribution around the tip of a notch in two thin fracture specimen of 

ferritic pressure vessel steel, measured using synchrotron X-ray diffraction. Upper row: plain 
specimen, lower row: specimen with round indentation ahead of the notch tip.  
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Abstract For reinforcement in fiber reinforced plastic and concrete applications, the knowledge 
of the high velocity impact and crash behavior of the typically used high-performance fibers, 
such as carbon fibers (CF), becomes an important aspect for the designing and dimensioning of 
new composite components. More important than the impact velocity is the resulting strain rate 
in the fiber, which defines the failure behavior. In the current literature, there is still an open 
gap for fiber material testing for strain rates between 100 and 1000 1/s, which is difficult to 
close with the existing measurement setups. This gap between servo-hydraulic tensile testing 
machines and SPLIT-HOPKINSON-tension-bar can be closed with a rotary drive principle (Figure 
1). The challenge arises in coupling the force, in a reliable clamping of the specimens and in 
high-speed acquisition of the stress-strain curve. In the implementation process, speeds up to 
40 m/s were currently achieved. The specimen and the moving elements were prepared with 
stochastic patterns (Figure 2) and evaluated by means of DIC. The force signal is recorded and 
correlated from both of two independent sensors, piezoelectric load cell and coupled one-bar 
as described in the standard ISO 26203-1. For the analysis of the measuring system, an 
analytical model was additionally set up and evaluated using SPICE® simulation tool. After 
analysis of high-speed images by DIC it can be concluded that there is a partially elastic impact 
and acceleration does not reach its maxima before the �V�S�H�F�L�P�H�Q�¶�V���U�X�Sture. Thus, for a precise 
evaluation, the stress equilibrium has to be taken into account and the impact process has to be 
further optimized. 

 

Figure 1 �± Probe set-up of high-strain-rate rotary drive-based fiber testing machine with 
one-bar | © ITM, 2019 

 

Figure 2 �± High-Speed image of CF specimen while high-velocity straining 

Impactor Specimen Piezoelectric load cell 
and One-bar 

Accelerated grip Fixed grip 
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Abstract  In this work is used a 300M steel after received a specific heat treatment. This 
high-strength steel is used in aeronautic and aerospace industry. It was developed from SAE 
4340 steel with a increment in a chemical composition, mainly vanadium and silicon. The 
goal of this improvement was get better toughness in applications requiring improved in 
mechanical properties. Initially the 300 M steel was submitted a heat treatment to obtained a 
bainítica structure, it is heated at 850 ºC for 30 minutes and after that is cooled at 300 °C for 
60 minutes.  Afterward was used two types of surface treatments: (a) using low-power laser 
CO2 (125 W) for introducing carbon into the surface of 300M steel and (b) plasma nitriding at 
a temperature of 500° C in atmosphere having  N2 and H2 gas mixture. After surface treatment, 
the metallographic preparation was carried out and made the observation with optical and 
electronic microscopy. The analysis of the coating showed an increased in the hardness of 
layer formed in the surface, mainly, in the nitriding layers.  The thickness of the compound 
layer formed on the surface was around 20 µm and the heat affected zone was around 45 µm 
for de laser carburizing layer and around 60 µm for the plasma nitriding layer. The 
mechanical properties were analyzed using tensile and fatigue tests (Fig.1). The results 
showed that the mechanical properties in tensile tests were strongly affected by the bainitic 
microstructure. The steel that received the nitriding surface by plasma treatment showed 
better fatigue behavior. The results are very promising because the layer formed in steel 
surface, in addition to improving the fatigue life, still improves protection against corrosion 
and wear.  

 

 

 

 

 

 

 

 

Figure 1 �± Fatigue life curves of 300 M steel with different surface treatments. 
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Fatigue Performance of Friction Stir Weld -Bonded Al-Mg joints 
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Abstract  The need for weight reduction and leaner manufacturing and assembly processes 
in aircraft construction has led to the pursuit of alternative joining processes to conventional 
riveting. One such technology that has been considered for this application is friction stir 
welding (FSW). Since it is a solid-state joining method, it results in high performing joints in a 
wide range of materials while avoiding overlap lengths and added weight from fasteners, crack 
stoppers, doublers, etc. However, the adoption of this technology to the assembly of large 
fuselage shell components is challenging, due to geometric tolerance management requirements. 
A hybrid friction stir weld-bonding method combining overlap friction stir welding and 
adhesive bonding has been proposed as an alternative. Fatigue performance of such joints were 
assessed and benchmarked against overlap FSW and adhesive bonded joints.    

 

 

Figure 1 - Overall view of AA6082-T6 hybrid overlap joints. 
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An experimental and numerical investigation of the crushing behavior of 

2D woven CFRP Formula 1 crash structures 

D. Dalli1, L.F. Varandas1, G. Catalanotti1, B.G. Falzon1, S. Foster2 

1Advanced Composites Research Group (ACRG), School of Mechanical and Aerospace 
Engineering, Queen's University Belfast, Belfast BT9 5AH, UK 
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Abstract The commercial design tools currently available to F1 teams do not cater for 
accurate simulations of composite material crushing. Consequently, extensive physical testing 
is required during the development phase, making the process prohibitively expensive unless 
significant limits are placed on the design space that can be explored.  Through the use of better 
numerical predictive tools, namely Finite Element (FE) composite damage models, engineers 
will be able to accurately predict the behaviour of crash structures, allowing them to better 
optimise the final designs within a shorter timeframe and in a cost-efficient manner.  

Here we present a qualitative and quantitative experimental assessment of the crushing 
behaviour of an F1 side-impact structure subjected to quasi-static loading. 

A quasi-static crush simulation of the side impact structure is performed at the mesoscale 
level, where each composite ply is modelled using 3-Dimensional (3D) reduced integration 
brick elements (C3D8R), using an explicit formulation within the software package Abaqus. 
An intralaminar damage model, based on the initial work of Faggiani and Falzon [1], and later 
adapted to 2D woven materials, is used to model damage initiation and propagation within the 
3D ply elements. The interlaminar region between plies is modelled using the Abaqus® in-built 
cohesive surface behaviour.  

This work evaluates the potential for using mesoscale damage models to simulate the 
progressive crushing of real industry-level components. The numerical results are assessed on 
the quantitative and qualitative accuracy of the simulation when compared to experiments. 

 

Figure 1 - F1 Side Impact Structure schematic 
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Abstract To enable the reliable simulation of highly dynamic loading events (e.g. crash, 
foreign object impact), the strain rate sensitivity of the material properties should be known. 
Under dynamic loading conditions, no standardized tests exist to measure neither the elastic 
properties, nor the strength, nor the fracture toughness.  

Taking into account that automotive and aeronautical polymer composite structures are 
subjected to dynamic loading scenarios (e.g. crash, foreign object impact), strain rate effects 
should be captured by advanced composite material models to predict initiation and evolution 
of damage accurately. The strain rate sensitivity of the stiffness and strength components of 
polymer composites has been intensively investigated and reviewed over the last decades. In 
addition, the experimental investigation of the dynamic interlaminar fracture toughnesses has 
received significant attention, motivated by the need to understand the delamination damage 
within composite laminates after low-energy impact.  

In contrast to the interlaminar fracture modes, very little is known regarding the effect of 
dynamic loading on the energy intensive intralaminar fiber failure modes. Therefore, there is 
the need to develop experimental methods to measure the intralaminar fracture toughness in a 
dynamic loading scenario. 

In the presented work, a methodology to measure the mode I intralaminar R-curve in 
compression is proposed to the case of dynamic loading. This approach uses the relations 
between the size effect law and the energy release rate (ERR) and the R-curve. The method 
does not require the optical measurement of crack length, whose determination is found to be a 
main source of errors in fracture mechanic tests, and is particularly critical for high loading rate 
experiments, where high speed cameras with reduced resolution are used. The dynamic tests 
are conducted on a split-Hopkinsonbar (SHB), which is a widely-used setup for dynamic 
fracture tests.  

Double-edge notched compression (DENC) and tension (DECT) specimens are used for the 
determination of the size effect law. This specimen type is well suited for SHB testing, as it is 
found to be nonsensitive to complex wave deflections that might cause undesirable mixed mode 
stress state during the loading of the specimen. 
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Abstract: Armour materials are used to provide protection against different threats in the battle 

field. Aluminium alloys are preferred as potential light armoured candidate material owing to 

their high strength-to-density ratio, good energy absorption capability, ease of manufacturing and 

excellent corrosion resistance properties. Ballistic impact is an immensely localized process and 

heat generated during such severe and rapid impact induces local thermal softening and 

microstructural instability. Therefore, it is imperative to investigate the fracture behavior of the 

material after projectile impact in order to understand its ballistic performance. The present work 

thus describes and analyses the experimental results pertinent to the ballistic behavior of six 

different series of commercially available aluminium alloys namely AA 2024, AA 2519, AA 

5059, AA5083, AA 6061 and AA 7017 plates against 7.62 mm lead projectiles. These results 

include the observation of the damage area at the front of the aluminium alloy plates. The 

microstructures and micro-hardness values along the projectile penetration path have been 

investigated to understand the material deformation behavior. Post ballistic microstructure points 

out towards an adiabatic shear band induced crack formation and eventual fracture of the 

material. From the ballistic testing experiments, it is observed that AA-7017 plates display 

higher ballistic resistance among the tested aluminium alloys. The ballistic performance of the 

aluminium alloy plates has been correlated with their respective mechanical properties and post 

ballistic microstructure. 
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Abstract: Many industrial components are designed for a fatigue life that exceeds 106 
cycles. Crankshafts are one of the main four stroke engine structural parts that are 
subjected to very high number of cycles. Therefore, it is a component subject to Very 
high cycle fatigue (VHCF). VHCF tests have become viable due to the existence of 
piezoelectric actuated fatigue testing machines that apply high frequencies (20kHz), 
thus enabling one to evaluate the fatigue behavior in a region beyond what is 
considered as infinite fatigue life. The fracture surfaces corresponding to fatigue 
failure in this region may present specific characteristics where crack initiation could 
appear on inclusions and fatigue crack growth is characterized as fish-eye and fine 
granular area (FGA). Ultrasonic fatigue tests were carried out on a crankshaft steel` 
specimens; the crankshaft failed in service. Experimental tests were carried out under 
a loading ratio R= -1 in order to determine the material fatigue strength. The fatigue 
fracture surfaces were analyzed and the fish-eye morphology as well as possible FGA 
were detected in some specimens. Based on this, stress intensity factor (SIF) calculation 
for internal cracks was performed, thus obtaining values of Kmax, fish�íeye and Kmax, FGA. 

 

Keywords: very high cycle fatigue, crankshaft, fatigue life, fish-eye, fine granular area, 
stress intensity factor 

 

,

#220 200



  L. Reis et al, Fatigue testing under VHCF 
 

Fatigue testing of cruciform specimens under VHCF 

L. Reis1,2*, P. R. Costa1, D. Montalvão3 M. Freitas2 

1Instituto Superior Técnico, Universidade de Lisboa, Av. Rovisco Pais, 1, 1049-001 Lisbon, 
Portugal 

2IDMEC, Instituto Superior Técnico, Universidade de Lisboa, Av. Rovisco Pais, 1, 1049-001 
Lisbon, Portugal 

3Department of Design and Engineering, Faculty of Science and Technology, Bournemouth 
University, Poole House, Talbot Campus, Fern Barrow, Poole BH12 5BB, UK 

 

Corresponding author: *luis.g.reis@tecnico.ulisboa.pt 
 

Abstract: The reliability of any given structure or machine subjected to dynamic loads is 
mainly depended on detailed fatigue study of the applied materials. As the demand for higher 
fatigue lives with more complex stress applications increases so does the necessity for new and 
more complex fatigue testing methods. Since it was proven that there´s no fatigue limit in 
certain conditions, ultrasonic fatigue tests were developed for the study of the life beyond that 
point, the Very High Cycle Fatigue (VHCF) regime. In these tests, specimens are subjected to 
stress cycles in frequencies as high as 20 kHz. Most ultrasonic fatigue tests apply uniaxial 
stresses but it is important to be able to apply complex multiaxial loading since most 
components are subjected to a complex stress cycle. In this work cruciform specimens are used 
in an ultrasonic fatigue machine, see fig. 1. Two different geometries are in study capable of 
inducing a biaxial stress combination axial-axial in the high frequency of ultrasonic fatigue tests. 
The geometries are subjected to an experimental analysis to understand if they are working as 
intended. Based on achieved experimental results, some conclusions are drawn. 

 

Figure 1 - Resonance mode shapes with the system components for the C-T specimen 

 

KEYWORDS:  Cruciform specimens, in-plane biaxial stresses, Ultrasonic frequencies, 
VHCF, experimental tests 
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the mechanical properties of a polymer composite material 
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Abstract. Composite materials have a set of properties and features differ from traditional 
structural materials, in particular provide ample opportunities both to improve existing designs 
of the most diverse purposes and to develop new designs and technological processes. Three-
dimensional spatial reinforcing fillers are used for high-performance composite materials in 
such industries as aerospace, engineering, aircraft and shipbuilding, metallurgy, nuclear and 
power engineering. Multilayer carbon fabrics of bulk weaving are used as a reinforcing material 
for carbon plastics, working in difficult and harsh conditions of high-speed aerodynamic flow, 
vibration and high temperatures.  

Within the framework of the complex tests, experimental studies of tensile, tensile/ 
compression of samples with a hole, bent beam four-point bending, impact and compression 
after impact, non-uniform separation, and shear in the plane were carried out. A total of 6 weave 
patterns of 3D woven performs and two types of layered samples reinforced in the transverse 
direction are considered. This paper presents experimental studies of tensile strain of solid 
samples and with a hole. 

Using the Vic-3D digital optical system, the deformed state of samples of 3D woven 
polymeric composite materials based on preforms in the hub area is analyzed. With the help of 
the video system the evolution of the deformation fields was recorded, the nature of the field 
heterogeneity was assessed, the mechanical characteristics of the material were determined. 
The fields obtained showed a non-uniform strain distribution and dependence on the types of 
reinforcing fibers. In evaluating the mechanical characteristics, materials with the highest 
elastic properties are noted. 

In the course of the study, it was found that the crack in the sample extends perpendicular to 
the axis of the load, which corresponds to the numerical patterns of the strain distribution fields. 
It was also noted that the strain distribution fields obtained using the digital video system are 
heterogeneous and asymmetric, which is associated with the heterogeneity of the microstructure 
of the sample material surface. Large deformations are concentrated in the areas of the recesses, 
while smaller ones - around the recesses. 

The morphology of destruction and distribution of deformation fields shows the destruction 
of composite samples with a hole is associated with the breakage of fiber bundles caused by the 
technological processing of the material in the immediate vicinity of the hole. Numerical fields 
of strain distribution, as well as the direction of crack propagation are close to the experimental 
results, while the study did not take into account the microstructure of the sample material. 
Thus, we can conclude the methods used in this study are able to accurately predict the location 
and direction of development of defects. 

This work was carried out in Perm National Research Polytechnic University using the 
equipment of the Centre of Collective Usage «Complex test and diagnostic equipment for study 
of structural and functional materials properties under complex thermomechanical impacts» 
(http://www.ckp-rf.ru/ckp/353547/), with supported by the Russian Foundation for Basic 
Research (project No. 18-01-00763 A). 
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Abstract This paper presents a method for identification of material constants of a 
laminated composite plate. An optimization problem, with an objective function relating 
experimental and numerical natural frequencies, is formulated and solved. Three optimization 
algorithms were applied in this study for comparison purposes: (1) particle swarm, (2) genetic, 
and (3) pattern search algorithms. The identified material constants were validated by 
comparing modal rotations measured with shearography with those computed by finite 
element analysis. 

Numerical Experimental 

  

  
 

Figure 1 �± Comparison between the numerical and experimental modal rotations. 
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Abstract:The confinement with Glass Fiber Reinforced Polymer (GFRP) composites of the 
concrete columns is effective in increasing their capacity as demonstrated by many authors in 
the field, but few studies dealt with partially wrapped columns. The main objective of this 
work is to study the influence of the partially confinement with Glass Fiber Reinforced 
Polymer (GFRP) composites on the behavior of the concrete cylinder under axial compressive 
load. Different heights of the confined area are considered in order to follow the evolution of 
the global mechanical response of the cylinder �D�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H�� �S�D�U�D�P�H�W�H�U�� �µ�[�� ���� �K�¶ which 
represents the ratio of the height of the confined zone to the total height of the cylinder.  The 
numerical results show that the partial confinement increases the ultimate stress of the 
confined short concrete cylinder and influences the mode of rupture. The confrontation of the 
numerical results with the experimental one show a good concordance. 

Keywords : partial confinement, composite GFRP, compression, numerical analysis. 

 

 

 

 

 

 

Fig .1. Specimen considered 
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Fig .2. Histogram of stress values of specimens used ,
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Abstract  The application of digital image correlation (DIC) in structural monitoring can 
benefit from the use of remote controlled image acquisition systems such as unmanned aerial 
vehicles (UAVs) in cases where the structure to be assessed is of difficult accessibility. 
However, this configuration does not always allow normal camera calibration procedures to be 
followed. 

In this work, a camera is manually moved around an object prepared with a speckle pattern, 
in a reference state and later in a loaded state, in an attempt to emulate the behaviour of a UAV. 
A structure from motion (SfM) algorithm is applied to the captured images in order to obtain 
�F�D�P�H�U�D���F�D�O�L�E�U�D�W�L�R�Q���S�D�U�D�P�H�W�H�U�V���I�R�U���H�D�F�K���L�P�D�J�H���X�V�L�Q�J���I�H�D�W�X�U�H�V���I�R�X�Q�G���L�Q���W�K�H���R�E�M�H�F�W�¶�V���V�X�U�U�R�X�Q�G�L�Q�J�V����
An image pair from each state is chosen and 3D DIC is performed on the object using the 
previously obtained calibration.  

 

Figure 1 �± Images of the DIC specimen from the video taken by the moving camera and 
corresponding camera positions and orientations obtained through the calibration algorithm 
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Abstract  This paper presents detailed experimental and numerical studies on the behaviour 
of composite laminates subject to impact loading by soft objectives. In this research, gas-gun 
experiments employ woven carbon fibre reinforced poly (ether-ether ketone) (CF/PEEK) and 
gelatine projectiles to study the response of composite laminates under soft impact loading. In 
addition, the woven carbon fibre reinforced epoxy (CF/epoxy) composite specimens were also 
tested using the same gelatine projectiles in investigate the effects of the matrix system on the 
impact response of composite laminates. A high-speed camera is employed to capture the 
deformation of the projectiles and a three-dimensional (3D) Digital Image Correlation (DIC) 
system is used to record the deformation of the impacted composite specimens. A numerical 
finite-element (FE) model is developed to simulate the soft impact on the composite laminates. 
Good agreement has been shown between the predictions from using the FE model and the 
experimental results. 

 

 

Figure 1 - Schematic of the experimental set-up for the gas-gun impact tests. 
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Effect of medium carbon steel microstructure on tensile strength and 

fatigue crack growth  
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Abstract  

 Purpose�±The purpose of this paper is to evaluate the effects of medium carbon steel 
microstructure on the tensile strength and fatigue crack growth (FCG) behavior. 

Design/methodology/approach�±To achieve this aim, four different heat treatment 
methods (normalizing, quenching, tempering at 300°C and tempering at 600°C) were 
considered. Microstructural evolution was investigated by scanning  electron  microscopy.  
FCG  rate  tests  were  conducted  on  the  resultant microstructures with compact tension 
specimens at room temperature by a standard testing method. 

Findings�±The results show that the normalized microstructure had the largest number of 
cycles to failure, indicating a high fatigue resistance, followed by the as received, tempered at 
600°C, tempered at 300°C and quenched microstructure. 

Originality/value �±The paper shows the influence of the microstructure on the fatigue-
propagation behavior with the definition of the Paris parameters of each heat treatment 
condition. 

Keywords Heat treatment, Microstructure, Fatigue crack growth, Medium carbon steel  
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Fatigue Testing at 1000Hz Testing Frequency 
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Abstract 

There is no infinite fatigue life. In the recent decades we learned that fatigue testing with higher number of load cycles is required 
in some areas. The development of faster testing techniques e.g. Ultrasonic systems testing on 20kHz have allowed the 
conduction of many research activities in the giga cycle regime in the recent decades. In 2014 RUMUL could present a new 
resonant fatigue testing machine, with a testing frequency of 1000Hz. The dynamic load of maximum 50kN peak-peak is 
produced with an electromagnetic system. The static portion of the load is provided by two mechanical spindles, the maximum 
load of the system is +/- 50kN. Any load ratio can be selected. Flat and round specimen types that are normally used in fatigue 
testing can be used. The actually tested material volume is larger than the material volume that is tested on ultrasonic systems. 
The new testing machine offers new possibilities for investigations of material properties in the very high cycle fatigue (VHCF) 
regime.  
In the past years the new testing machine was intensively used in several laboratories in Germany for example at the laboratory 
of the Fraunhofer institute IWS Dresden in Germany. Some effects of the 1000Hz testing frequency on the fatigue behavior of 
the material have been observed. This paper provides a summary how the frequency of an alternating load affects fatigue life of a 
material. And it highlights some of the found frequency related effects on fatigue strength. Some examples of heating up of the 
specimen related to the 1000Hz testing frequency are shown. Normally continuous fatigue testing is possible, without stopping 
for cooling down the specimen. 
 
© 2019 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Gruppo Italiano Frattura (IGF) ExCo. 
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1. INTRODUCTION  

�µ�µ�7�K�H�U�H���L�V���Q�R���L�Q�I�L�Q�L�W�H���I�D�W�L�J�X�H�� �O�L�I�H���L�Q���P�H�W�D�O�O�L�F�� �P�D�W�H�U�L�D�O�V�´���>���@�����6�W�X�G�L�H�V���R�Q���G�D�P�D�J�H�� �P�H�F�K�D�Q�L�V�P���R�Q���K�L�J�K�H�U���Q�X�P�E�H�U���R�I��
load cycles, in the range of up to 1010 cycles and more could well proof the finding published by Claude Bathias 
and others. Thanks to the development of faster testing technics and the shortening of testing time a large number of 
basic research activities took place in the recent decades. Ultrasonic fatigue testing systems work on the resonant 
frequency at about 20kHz, and require relatively small specimens with a specific geometry. Ultrasonic fatigue 
studies showed that a fatigue limit in the traditional sense does not exist in the gigacycle regime. Cracks may occur 
subsurface or on the surface, and may start for example from inclusions in the material [1]. 

Subsequent with higher testing frequency, an old question of fatigue testing is high-lighted and cannot be 
�Q�H�J�O�H�F�W�H�G�����³�:�K�D�W���L�V���W�K�H���H�I�I�H�F�W���R�I���W�K�H���W�H�V�W�L�Q�J���I�U�H�T�X�H�Q�F�\���R�Q���I�D�W�L�J�X�H���O�L�I�H�"�´���7�H�V�W�L�Q�J���R�Q���Y�H�U�\���K�L�J�K���W�H�V�W�L�Q�J���I�U�H�T�X�H�Q�F�\���P�D�\��
lead to different damage mechanism than under real loading condition for example of an engine component. 

Since inclusions and imperfection play an important role in VHCF the manufacturing process has a significant 
effect on fatigue life in the Gigacycle regime. Particularly for relatively inhomogeneous materials the testing of 
material volumes that represents the scatter of the manufacturing process is a concern. 

In 2014 RUMUL could present a new resonant fatigue testing machine, with a testing frequency of 1000Hz. The 
dynamic load of maximum 50kN peak-peak is produced with an electromagnetic system, similar to established 
resonant fatigue testing systems which typically run on testing frequencies from about 40 up to 250Hz. The static 
portion of the load is provided by two mechanical spindles, the maximum load of the system is +/- 50kN. Any load 
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ratio can be selected. Flat and round specimen types that are normally used in fatigue testing can be used. The new 
testing machine offers new possibilities for investigations of material properties in the very high cycle fatigue 
(VHCF) regime. Compared to other systems used in the field of VHCF testing the RUMUL GIGAFORTE provides 
several advantages. The size of the machine is smaller and energy consumption less compared to a servo hydraulic 
system. The actually tested material volume is larger than the material volume that is tested on ultrasonic systems. 
The testing frequency of 1000Hz allows normally continuous testing, without intermittently stopping the test for let 
the specimen cool down. 

In the past four years the new testing machine was intensively used for example at the laboratory of the 
Fraunhofer-Institut fürWerkstoff- und Strahltechnik IWS in Dresden in Germany. It is used for testing material 
samples and small components as well. Some effects of the 1000Hz testing frequency on the fatigue behavior of the 
material were observed [2]. Recently the IWS laboratory developed a small salt spray chamber and mounted it on the 
GIGAFORTE to perform fatigue testing under corrosive atmosphere. 

2. Effects of the loading frequency on fatigue life 

What is the effect of the frequency of an alternating load on fatigue life and fatigue testing? This question is 
probably present since beginning of fatigue testing in any area of fatigue testing such as axial loading or rotating 
bending; on room or elevated temperature or corrosive environment. In literature several investigations can be found 
that show an effect of the testing frequency on fatigue life, particular on very high testing frequencies and relatively 
high load. For lower frequencies the effects can be neglected very often, however the sometimes unknown 
magnitude of some effects led to a quite conservative approach of limiting the testing frequency in some areas of 
fatigue testing. The frequency effects can be divided in three areas: Temperature and environment as extrinsic 
factors and strain rate as intrinsic factor [2, 3]. The effects may superimpose, and affecting fatigue life in the same or 
opposite direction. 

2.1. Temperature 

A higher material temperature reduces usually the fatigue life in a similar way as the ultimate strength of a 
material is related to the temperature. And some materials show a temperature depending crystallographic 
transformation that affects the material properties and fatigue life. Maintaining the specified temperature range is 
therefore a basic requirement for fatigue testing. 

A material specific basic damping is always present when deforming a solid material. Microscopic plastic 
deformation during cyclic loading leads to additional damping and it is almost completely transferred to heat. The 
damping energy and corresponding heat that is produced per load cycle and volume is constant for an even axially 
loaded specimen. The produced heat per time is proportional to the frequency. The resulting material temperature 
depends as well on the present heat losses, for example the heat flow to the fixture and to the ambient atmosphere. 
Convectional cooling can be used to control the temperature during testing. 

Some material do not show the above described linear relation between temperature and testing frequency, with 
higher frequency the temperature does not increase as expected [4]. This finding may point to hardening (resp. 
softening) mechanism which can be strain rate related (see section 2.3) 

2.2. Environment 

There are time related mechanisms such as oxidation, corrosion or creep that may play a role for the formation of 
a new surface during crack initiation and propagation. Depending on the relevance of such mechanisms a significant 
frequency effect can be expected. For example, it is reported that some investigations show a significant frequency 
dependency of aluminum alloys on fatigue life. The aluminum alloy AW-5083 shows almost now frequency effect 
at 20 kHz on fatigue life in inert atmosphere but in air [3]. 

2.3. Strain Rate 

The strain rate is proportional to the testing frequency. However during loading in resonant condition the strain 
rate is not constant, it follows a sinusoidal function. It is thought that the strain rate of irreversible deformation could 
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affect fatigue life significantly. A relevant effect can be expected when the highest strain is present during the load 
cycle. Therefor the relation between frequency and a possible effect on fatigue strength is non-linear. 

An influence of the testing frequency at 20 kHz on fatigue life could be found on quenched and tempered steel 
50CrMo4 depending on the strength of the material. It was concluded that the found correlation of fatigue life and 
testing frequency is related to the strain rate and is typical for cubic body centred metals. The frequency effect is 
mainly seen on the left side, of finite life of the S�±N curve. [3]. 

For metastable austenitic steel (1.4301, AISI 304) a frequency effect related to the transformation of 
crystallographic structures was found during testing at 1000Hz with the GIGAFORTE. The analyses showed that 
higher amounts of strain-induced Martensite and lower plastic strain amplitudes are observed when the cyclic 
experiments are carried out at lower frequency, promoting higher fatigue strengths [2, 5]. 

3. Fatigue Testing with the GIGAFORTE 

3.1. Fatigue life of steel 50CrMo4, 37HRC 

Tests were carried out in cooperation with Hochschule Osnabrück - University of Applied Sciences on the 
RUMUL TESTRONIC (95 Hz), GIGAFORTE (1000 Hz) and an Ultra Sonic testing system (20 kHz). On 1000Hz 
round specimen with diameter 6mm and hour glass shape were used and tested at RUMUL. Compressed air cooling 
was used. On 1000Hz and on stress amplitude 500MPa and higher the heating up was significant and difficult to 
control. The tests show the fatigue life results that are gained on 1000Hz are within the population of the results of 
the tests carried on 95Hz or below, the latter is most likely related to the specimen heating up. The fatigue life 
results on 20 kHz are significantly higher, it is related to frequency and size effects [6] (as found in other 
investigations, see 2.3). 

 

Fig. 1 Woehler diagram steel 50CrMo4 37HRC on 95Hz, 1000Hz, 20kHz testing frequency, A. Giertler 2019 

3.2. Temperature records 

RUMUL could look into heating up behavior of material samples in the last years. The specimens have been 
provided by interested laboratories. For Temperature recording a type K thermocouple was attached on the 
specimen. Compressed air was used to mitigate heating up if required. Load ratio was selected -1 for all tests. 

     Table 1. Temperature recordings of various materials during fatigue testing 

Material Specimen Gauge  
diam. 

Testing condition Frequency Load amplitude  Temperature 
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Nodular Iron round, cyl. and hour glass, 
w. thread  

7 mm load increasing 
0.2*106cycles / step 
compr. air cooling 

1011 Hz 8.5 kN 
(220 MPa) 

38°C 

9% Cr-steel round, hour glass, w. thread 8 mm load increasing,  
2*106cycles / step  
compr. air cooling  

1024 Hz 18.6 kN 
(373 MPa) 

26°C 
54°C1) 

Ti  alloy round, hour glass, w. thread 5 mm  const. load 
106cycles / step 
no cooling 

996 Hz 5.52 kN 
(280 MPa) 

35°C 

Ferritic steel 
HV30 ~ 220 

round, cyl.  w/o thread 8 mm load increasing, 
106cycles / step 
no cooling, (Fig.2) 

1023 Hz 17 kN 
(337 MPa) 

62°C2) 

1) Cooling temporarily off 

2) Temperature is not stabilizing, probably softening effect (see 2.3) 
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 Table 2. Temperature recordings of high strength bolts during fatigue 

Material Specimen Gauge  
diam. 

Testing condition Frequency Load amplitude  Temperature Cycle to 
failure 

steel flange head bolt  M9x1.25 Constant load 
Mean load 37.9kN 

1006 Hz 8.0 kN 20.4°C �������¶������ 

     7.5 kN 20.5°C �������¶������ 

     7.0 kN 20.4°C �������¶������ 

4. Summary and Outlook 

The RUMUL GIGAFORTE is an efficient tool for testing very high number of load cycles in a reasonable time. 
Common specimen types and sizes can be used. Depending on material and load the specimen may heat up. The 
heating is usually low or moderate and can be mitigated with compressed air cooling, continuous testing is possible. 
The possibility to test on 1000Hz testing frequency may help to further evaluate frequency effects and further 
enhance the confidence on fatigue data in the high and very high cycle regime. 

 
Next steps 
�x More HCF test (106 cycles and less) on high strength bolts for evaluation of the fatigue life results. 
�x VHCF testing (109 cycles and more) on fibre-reinforced composite materials cooperation with TU 

Dortmund/ Germany. 
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Figures  
 

 
Fig. 2 1000Hz Fatigue Testing Machine RUMUL GIGAFORTE with small sound enclosure 

 

 
Fig. 3 RUMUL GIGAFORTE, round specimen without thread, thermocouple attached with tape. 
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Abstract. Currently, relevant studies in the field of predicting the structural 
materials and machine parts durability. The work is devoted to the mechanical behavior 
laws study and prediction of EP517SH steel (chemistry: C - 0.13%; Cr - 12.5%; Si - 
0.05%; Ni - 2.05%; Mo - 1.50% , W - 0.70%; Nb - 0.20%; V - 0.20%) cyclic durability with 
low-cycle fatigue under biaxial loading conditions. 

Experimental studies on low-cycle fatigue under conditions of biaxial loading with 
simultaneous action of tension-compression and torsion of thin-walled tubular 
specimens with different forms of loading were carried out. The methodological issues 
of tensile testing, torsion and the joint action of tensile with torsion at normal and 
elevated temperatures are considered. For low cycle fatigue tests using servohydraulic 
testing system Instron 8850 was employed with using Epsilon mounted two-axis 
deformation temperature sensor. A two-axis extensometer made it possible to carry out 
cyclic tests and realize various rigid loading trajectories with proportional and non-
proportional changes in axial and shear deformations. During the test a Dynacell biaxial 
load cell was used with maximum measured loads of ± 160 kN in tension or 
compression and ± 1 kNm in torsion. For tests at elevated temperatures, a high-
temperature furnace SF 1770 was used. Experiments on low-cycle fatigue at normal and 
elevated temperatures of structural steel EP517SH were carried out in the hard loading 
mode. The tests were carried out according to the following loading schemes: 
proportional change of axial and shear deformations (simple loading with triangular and 
M-shaped cycle forms, respectively), non-proportional change of axial and shear 
deformations (complex loading). 

Thus, experimental data were obtained on the resistance of low-cycle fatigue at 
various cycle parameters, proportional and complex loading of EP517SH steel at normal 
and elevated temperatures. The results of the test were processed to analyze the 
possibility of using the criteria for the destruction of the energy type for different 
schemes of cyclic deformation. Experimental data for a structural alloy has been 
described using equivalent parameters (stress intensity), which make it possible to 
analyze the possibility of using damage accumulation models to estimate cyclic 
durability under biaxial loading. 

The work was performed at Perm National Reseafch Politechnic University, Center of 
Experemental Mechanics, and was supported by RSF project No. 16-19-00069. 
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Abstract  Additive Manufacturing processes such as laser powder bed melting are being 
qualified as a valuable manufacturing route in aerospace and biomedical sectors together with 
distinct niche-applications in different industries. During the last years, commercially available 
platforms have been optimized to improve quality and boost productivity. Interaction between 
laser(s) and powder has been optimized and laser control enhanced, which has led to reduced 
defects in AM parts. Current fatigue results of multi-laser AM technology and main 
fundamentals are shown. Furthermore, a real aerospace application is presented.  
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Incremental Hole Drilling Residual Stress Measurement in Thin Aluminum 

Alloy Plates Subjected to Laser Shock Peening 
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2Further Author affiliations [size 12, centered, italic, times] 

Abstract  Residual stresses in aluminum alloy 7075 plates, with different thicknesses and 
treated using the same laser shock peening (LSP) parameters, are determined by the incremental 
hole drilling technique (IHD) using the integral method. The experimental results are 
benchmarked against other residual stress measuring methods used as reference, such as 
neutron diffraction (ND), energy dispersive X-ray diffraction (EDXRD) and laboratory X-ray 
diffraction (XRD). A numerical simulation by the finite element method is carried out to 
determine the expected strain relaxation errors due to the thin thickness of the samples, falling 
outside the limits preconized by the ASTM standard, and the feasibility of a correction 
procedure to still use the ASTM standard to determine non uniform residual stresses in thin 
samples is discussed and validated. The validation is achieved by comparing the IHD corrected 
results with the results obtained by the reference techniques and with the IHD results based on 
the integral method using necessary calibration coefficients for the actual thickness of the 
samples, previously determined by the finite element method. 
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New monitoring solutions for large civil engineering structures 

Project MEGE 
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Capitão2, Conceição Juana Fortes2, Duarte Ferreira3, Francisco Fernandes3, Elsa 
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Abstract  This work presents the ongoing project aiming at the reinforcement of the 
monitoring system to assess the structural health of the runway extension and its maritime 
protection, a berm breakwater that protects the foundation columns of the airport runway and a 
nearby breakwater that protects the search and rescue aid station, at Madeira Airport. 

Image-based monitoring systems will be implemented in both structures. On two of the 
beams supporting the runway, in the touchdown zone, digital image correlation will be 
performed in order to quantify the deflection of the beams caused by the impact of the landing. 
In the same area, accelerometers and fiber optic strain gauges will be installed in order to give 
supplementary information and allowing a comparison with the results from the image-based 
monitoring system. 

The berm breakwater and the search and rescue breakwater, which are subject to erosion and 
may therefore suffer long-term structural evolution, will be regularly inspected by an unmanned 
aerial vehicle carrying a camera, for 3D profile acquisition and comparison through time. 

 

Figure 1 �± Madeira�¶�V airport runway foundation columns and breakwaters 
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Fatigue & fracture crack paths generated by manufacturing-induced 
microstructural & strength anisotropy in cold drawn pearlitic steels: (a) In 

the conceptual frame of Maurits Cornelis Escher and Johann Sebastian 
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E.P.S., Campus Viriato, Avda. Requejo 33, 49022 Zamora, Spain 

 

Abstract This paper analyses both fatigue & fracture crack paths generated by 
manufacturing-induced microstructural & strength anisotropy in cold drawn pearlitic steels, on 
the basis of their microstructural evolution during manufacturing by multi-step cold drawing 
that produces slenderizing and orientation of the pearlitic colonies, together with densification 
and orientation of the Fe/Fe3C lamellae, reviewing previous research by the author and co-
workers on fracture behaviour in inert and aggressive environments in the presence of crack 
and notches, with focus on hydrogen embrittlement. Results demonstrate the key role of 
manufacturing-induced microstructural anisotropy (orientation of the two microstructural 
levels of pearlitic colonies and ferrite/cementite lamellae as a consequence of the 
progressive/repetitive cold drawing) in the fatigue & fracture crack paths, thus producing crack 
path deflection/deviation/branching with mixed-mode crack growth and associated anisotropy 
of fatigue & fracture resistance and its linked anisotropic fatigue & fracture behaviour (strength 
anisotropy), allowing the definition of a directional toughness depending on the specific crack 
path with its propagation direction. From the point of view of the analysed material 
(progressively cold drawn pearlitic steel, a hierarchically structured material with colonies and 
lamellae), the present scientific work is related to the conceptual frame of Maurits Cornelis 
Escher and Johann Sebastian Bach. In addition, the paper represents an orteguian approach (on 
the basis of the circumstance formulated by José Ortega y Gasset) to the problem of fatigue & 
fracture of progressively cold drawn pearlitic steel and a tribute to Fray Luis de León´s 
�³�G�H�F�t�D�P�R�V���D�\�H�U�´. 
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Post-fire Performance of Novel Flame Retardant Composites  

Xiaoling Liu 1*, Chenkai Zhu2, Chris Rudd3, Mandy Clement4 

1 University of Nottingham Ningbo China, 199 Taikang East Road, Ningbo, 315100, China  

2 University of Nottingham Ningbo China, 199 Taikang East Road, Ningbo, 315100, China  

3 James Cook University, 149 Sims Drive, 387380, Singapore 

4 Technical Fibre Products Ltd, Burneside Mills, Kendal, Cumbria, LA9 6PZ, UK 

Abstract   

Apart from the improvement for flame retardant properties of polymer composites, the effect 
of fire on the mechanical performance is essential for composite in load-bearing structure. This 
research investigated the effect of novel intumescent mats (1# and 2#) with different 
compositions on the post-fire performance of carbon fibre reinforced composites. The sandwich 
structure was designed for composites where 1# or 2# mat was covered. A significant reduction 
in the peak heat release rate (PHRR) and total heat release (THR) was observed from the cone 
calorimetric data, and carbon fibre reinforced composite with 1# mat showed the lowest value 
of 148 kW/m2 and 29 MJ/m2 for peak heat release rate and total heat release, respectively. In 
addition, a minor influence on initial mechanical properties was observed due to the variation 
of composite thickness and resin volume in the composite. As can be seen from Figure 1, the 
post-fire properties of composite were characterised, and the 1# mat presented better retention 
for flexural strength and modulus of composites. With the comparison between simulated and 
measured data, the feasibility of two-layer model was confirmed to predict the post-fire 
performance of composites and reduce the reliance on the large amounts of empirical data. 

 

Figure 1 - The cross-section view of fire damaged composites after 50 KW/m2 heat fluxes. 
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