
The DOSS Award is a new interna-
tional prize, initiated by the Technical 
University Delft and Dutch Steel Con-
struction Institute Bouwen met Staal, 
open for participation by MSc stu-
dents, graduating in civil engineering 
at (technical) universities from all over 
the world. This year the DOSS award 
experienced its birth, aiming for the 
thesis of master students, graduating 
between 1 March 2020 and 28 Febru-
ary 2021. 

For this years’ prize-edition a total number 
of 22 contributions were received, coming 
from 15 different universities in 16 different 
countries. A short-list of six nominees were 
selected by the jury and were invited to par-
ticipate at a well-attended online webinar on 
April 22nd. They were granted the maximum 
time of the presentation of 10 minutes and 5 
mins for discussion.
The jury elected Christiaan Jilderda (Univer-
sity of Twente, NL) their first prize winner. 
In this decision they were accompanied by 
the public, attending the award final. Some 
35% of the 200 public votes went to Chris-
tiaan Jilderda. Ben Weber (Imperial College 
London, UK) was chosen the runner up by 
the jury. Jilderda, structural engineer at W2N 
Engineers in Drachten, won the prize for his 
graduation study at the faculty for Design, 
Production & Management of the University 
of Twente, about fatigue in tubular structures.

Criteria
The competing dissertations have to address 
research matters in which the building mate-
rial steel plays a major part. Projects that may 
be eligible are related to engineering struc-
tures, research, product development and/or 
a combination of these in which steel plays a 
key role or benefits for steel sector are clearly 
addressed. The jury has an eye for the innova-
tive use of steel to improve the sustainability of 
structures or in contributing to new knowl-
edge of using steel in engineering applications.

This award supports the work of graduate 
students, who study the possibilities of steel 
in engineering structures, challenge the use 
of steel as a building material to its limits, 
develop methods and technologies or organ-
ize a multidisciplinary project for increase 
competitiveness of steel structures. The 
Dutch Open Student STEEL Award 2021 has 
no sub-categories. The first prize winner will 
be rewarded with 2.500 Euro, second prize 
winners will be rewarded with 1.250 Euro. All 
submitted projects will be evaluated by the 
jury based on following issues:
– relevance of the project;
– clarity in expressing objectives and goals, 
creativity and ingenuity;
– context of societal needs, improvements 
of daily practice and contribution to new 
knowledge;
– performance in sustainability, reduction 
of environmental load, reduction of mainte-
nance;
– how (smart) steel is applied in the project;
– originality and aesthetics;
– ambition;
– thoroughness of the design or research.

Jury
Jan Beckers, Senior Advisor and Strategic 
Manager in complex steelconstruction 
projects, Breda, the Netherlands • Yoo Sang 
Choo, Adjunct Professor in Department 
of Civil & Environmental Engineering 
at National University Singapore, Singapore 
• Alan Dunsmore, Chief Executive Officer 
of Severfield plc, United Kingdom • Markus 
Feldmann, Professor Steel Structures and 
Head of Department Institut für Stahlbau, 

RWTH Aachen, Germany • Leroy Garden-
er, Professor of Structural Engineering at 
Imperial College, London, United Kingdom 
• Bernhard Hauke, Editorial Director of 
the Ernst & Sohn publishing house, Berlin, 
Germany • Raffaele Landolfo, Full Professor 
in Structural Engineering and Head of the 
Department of Structures for Engineering 
at University of Naples ‘Federico II’, Italy 
• Frank Maatje, Managing Director Dutch 
Steel Construction Institute (Bouwen met 
Staal), Zoetermeer, the Netherlands • Gang 
Shi, Professor Steel Structures at Tsinghua 
University, Beijing, China • Luís Simões 
da Silva, Professor of Structural Me-
chanics, University of Coimbra, Portugal 
• Andreas Taras, Full Professor of Steel 
Construction and Composite Structures at 
ETH Zurich, Switzerland • Oliver Vassart, 
Chief Executive Officer Steligence Arce-
lorMittal, Liège, Belgium • Milan Veljkovic, 
Professor of Steel and Composite Structures, 
Delft University of Technology, the Neth-
erlands • Brian Uy, Professor of Structural 
Engineering and Head of the School of Civil 
Engineering at the University of Sydney, 
Australia • Peter Zeman, director of Zeco 
and chairman of FMTI Bildungsauss-
chuss, Vienna, Austria.

Shortlist and longlist
In the ensuing pages the shortlisted entrees 
will be introduced as well of a short summary 
of the longlist. The DOSS Award 2021 was 
supported by Zeman, Serverfield, ECCS, 
SNS-Intra and Dutch Steel Construction 
Institute (Bouwen met Staal) – English study 
books. •
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Fatigue is a material failure 
mechanism that might lead to 
problems when it is not considered 
in the design phase. For tubular 
structures, fatigue assessment is 
generally done by using analytical 
formulas to determine the hot-spot 
stress. These formulas are com-
plex and design parameters are in-
tertwined in multiple components 
of the fatigue assessment, which 
makes it hard for an engineer to 
estimate the impact of his design 
choices.
To gain insight in these parame-
ters, one design tool is developed 
from scratch, and two existing 
software tools are programmed to 
perform fatigue calculations. The 
new design tool, called Fatigue 
Design & Assessment tool, is 
made in Excel. The two existing 
tools are Smart Synthesis Tool and 
Grasshopper. Two case studies 
are performed to analyse how the 
tools can be used to optimise the 
fatigue characteristics of a design.
Each of the software tools pro-
vides insight in design parameters, 
but all on a different level. The FDA 
tool can exactly tell how changing 
one certain parameter affects 
the outputs. The SST provides 
insight by creating and comparing 
many solutions within the solution 
space. The Grasshopper software 
offers an engineer insight in the 
fatigue performance while he is 

still creating the initial shape of 
the structure. A great advantage 
of Grasshopper is that no external 
software is needed to perform the 
structural analysis.
The studies have shown that 
with the insight provided by the 
software tools, an engineer is 
able to improve his design with 
regard to fatigue life, structure 
mass, weld volume or combined 
costs of materials and welding. In 
the first case study, one proposed 
concept shows a possible increase 
in fatigue life of 20%. A different 
concept shows that a mass reduc-

tion of 24% can be achieved, while 
maintaining the original fatigue life 
of 50 years. 
In the second case study a 
concept is created in Grasshopper 
with a slightly different overall 
geometry. With this concept an 
improvement in fatigue life of 286% 
compared to the original design 
is achieved. The results of both 
studies prove that these tools are 
most effective if they are deployed 
early in the design process, or in 
a design where it is allowed to 
optimise many parts separately. 
The thesis points out that by 

means of the analytical formulas, a 
hot-spot stress fatigue assessment 
can fairly easily be programmed 
in different software applications, 
and that it pays off to do so. The 
fact that the hot-spot stress meth-
od is not limited to tubular joints 
means that results similar to this 
research can be achieved for any 
type of welded joint. 
The choice of fatigue assessment 
type is being discussed. The hot-
spot stress method with analytical 
formulas is an often used and 
accepted method, but also Finite 
Element Analysis could have been 
the basis for a parametric design 
tool. FE based design tools are the 
only way to include any type of 
joint, since no analytical formulas 
exist for other than tubular joints. 

Jury   During his presentation 
Christiaan visualized all steps of the 
complex optimisation process for 
a case study design of the ‘Poort 
van Zuid-Limburg’ communication 
mast at the A2 highway in The 
Netherlands. In impressive way 
he demonstrated potential for 
costs optimisation considering fa-
tigues assessment as the dominant 
design criterion. Originality in the 
approach and direct benefits for 
improvement of the daily design 
process, in addition to exceptionally 
well organised presentation, were 
the main reasons for the first prize.

Fatigue in Tubular Structures
FIRST PRIZE 

Christiaan Jilderda
Graduated at University of Twente, Civil Engineering (NL)
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Due to a lack of design guide-
lines additive manufacturing of 
stainless-steel structures using 
Wire and Arc Additive Manufac-
turing (WAAM) has not yet found 
widespread use in the construction 
industry sector, as it makes the 
assessment of safety and reliability 
difficult. For a widespread use of 
WAAM, the material characteris-
tics of the printed structures need 
to be well determined in order for 
engineers to be able to accurately 
model their behavior and design 
accordingly. Previous work has 
already derived the proof and yield 
stresses as well as Young’s moduli 
of the printed material for different 
printing directions, thicknesses 
and surface finishes. To accurately 
model the complete orthotropic 
behavior, additional material char-
acteristics, such as the Poisson’s 
ratios and plastic behavior, are 
needed. 

The thesis uses the data of tensile 
tests from 37 as-built coupons (un-
dulating surface from production 
still present) and 12 machined cou-
pons (undulating surface removed 
using an end-mill) to determine 
the missing material character-
istics. Strains were determined 
via digital image correlation (DIC) 
which allowed, in addition to the 
longitudinal and transverse strains, 
for thickness strain measure-
ments, which are very difficult to 
accurately determine with tradi-
tional methods. Elastic and plastic 
Poisson’s ratios are determined 
via different approaches for both 
the lateral and through-thickness 
directions. These Poisson’s ratios 
show a clearly anisotropic material 
behavior of the WAAM structures 
and correlate reasonably well 
between the different materials. 
The deviations in the material 
characteristics between the 

different coupons was attributed 
to the varying influence of surface 
undulations depending on the cou-
pon’s thickness and surface finish. 
It is shown that the influence of the 
surface undulations becomes less 
important in thicker cross sections 
and approaches the material char-
acteristics of machined structures. 
To accurately model the plastic 
material behavior, plastic yield 
ratios (R-values) are determined 
using two different approaches: 
from stresses using the Hill’s yield 
criterion and via strains using 
Lankford coefficients. However, 
both methods lead to different 
R-values; a point of future research 

is the analysis of this inconsisten-
cy. First simulations of the plastic 
orthotropic behavior for WAAM 
material are carried out using 
plates in bending.

Jury Ben presented a rather 
complex topic in a very clear way. 
For his systematic approach in 
performing experiments and deriv-
ing unique experimental material 
properties, and for implementing 
the orthotropic material proper-
ties in an example of a thin plate 
behavior in elastic-plastic bending 
analysis he was awarded by the 
second prize.

Material anisotropy in wire and arc additively manufactured structures
SECOND PRIZE

Ben Weber
Graduated at Imperial College London, Department of Civil and Environmental Engineering (UK)
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Slender plate girders strengthened 
with transverse and longitudinal 
stiffeners have been increasingly 
used in the design of cable-stayed 
bridges in the past few years. The 
design of these structures is chal-
lenging, as cable-stayed bridge 
decks supported by the slender 
plate girders are subjected to high 
compression forces, together with 
bending and shear forces due to 
vertical actions. Consequently, 
the ULS of these plate girders 
should be checked considering the 
N-M-V interaction. Though, it has 
been recognized that the formula-
tion present in the current version 
of EN 1993-1-5 does not give the 
best assessment of the real inter-
action of the forces as it presents 
a discontinuity for the girders sub-
jected to high compression forces. 
In that regard, recently A. Biscaya 
investigated in his PhD-thesis the 

behavior of unstiffened girders 
under combined N-M-V internal 
forces, developing interaction 
expressions with better results 
than the current formulation given 
by EN 1993-1-5. A parametric study 
was undertaken to assess this 
formulation for S690 longitudinal 
stiffened plate girders under com-
bined N-M-V internal forces. 
Comparing the data collected 
using the interaction equations 
from the European standard and 
the new Biscaya proposal, the 
new N-M-V interaction equations 
prove to be more consistent from 
the point of view of the non-dis-
persion of results, and therefore 
lead to design of more economical 
plate girder solutions. It is also 
confirmed that this formulation can 
be used to plate girders with or 
without longitudinal stiffeners. 

Design of S690 slender plate girders under combined shear, 
bending and compression

Henrique Gonçalves Afonso (shortlist)
Graduated at Universidade Técnica de Lisboa, Instituto Superior Técnico (PT)

Numerical investigations and in-field application of a strength-
ening method on a steel bridge using bonded CFRP lamellas

Melanie Ardes
Graduated at RWTH Aachen University, Institut für Stahlbau (DE)

First part of the thesis was the 
theoretical (analytical and nu-
merical) analysis of the impact of 
the application of CFRP lamellas 
to steel components under the 
risk of failure. Second part was 
the preparation as well as the 
execution of a field test. Part of the 
preparation were further numeri-
cal simulations and the elaboration 
of measuring schemes. In the field 
the lamellas were applied to a 
railway steel bridge and various 
measurements were performed 
followed by detailed evaluation.
The evaluation of the measure-
ment results confirmed the low 

strengthening effect of the non- 
prestressed CFRP lamellas as pre-
dicted. The remaining service life 
of the steel girders could thus, pre-
sumably, not be extended by the 
CFRP lamellas. This is explained by 
the fact that only a small increase 
in the overall cross-section and 
therefore no significant increase 
in stiffness could be achieved by 
the CFRP lamellas on the particular 
bridge girders. However, it could 
be shown that the bond was 
already established (partially) in 
the adhesive layer shortly after the 
application. 
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Effects of residual stresses due 
to welding process on the crack 
propagation of an orthotropic 
steel deck have been numerically 
quantified. The agreement in a fa-
tigue crack propagation between 
validated direct cyclic XFEM-pre-
diction and experiment is improved 
if the residual stresses are con-
sidered. This knowledge is applied 
on the Suurhoff-bridge where a 
XFEM-analysis is compared to the 
fatigue damage measurements.
Overall, the fatigue crack simu-
lation including the transverse 
residual stresses corresponds well 
compared to the measured data 

as the difference is approximately 
14% also considering that two 
wheel loads which have limited 
effect have been ignored in the 
analysis. If these two wheel loads 
would be included the results 
could be further improved. How-
ever, there are many parametric 
assumptions made that can affect 
the result, such as the Paris law 
properties and load parameters. 
Minor changes of material pa-
rameters would affect the results. 
Therefore, the assumptions made 
in the case study, should be veri-
fied using measurement material 
data of the structure.

Effects of residual stresses on the fatigue crack propagation of 
an orthotropic steel bridge deck

Niels van den Berg
Graduated at Delft University of Technology, Civil Engineering (NL)

Study of a structural system with steel and aluminium foam 
load-bearing panels

Paolo Capone (shortlist)
Graduated at University of Salerno, Department of Civil Engineering (IT)

The objective of this thesis has 
been to investigate the potential-
ities of high-performance metal 
foam cores for the development 
of new products based on the use 
of steel for application in steel 
structures and the feasibility of 
employment of steel-aluminium 
foam-steel (SAS) sandwich panels 
on spans typical of floor grids of 
steel buildings. This study’s interest 
is mainly devoted to double skin 
sandwich panels in bending, which 
may provide important benefits 
in terms of speed and safety of 
installation. At the same time, the 
reduction of masses contributes to 
having lower seismic forces on the 
structure. 
The analysis’s objective has been 
to assess SAS panels’ load-bear-
ing capacity with small-scale 
tests with three different types 
of epoxy-binders for joining the 
steel skins to the foam core. The 
results have been extended with 

FE models able to reproduce the 
SAS panels’ response in bending, 
accounting for the influence of 
the main parameters affecting the 
response. The FE model was then 
used to perform a parametric study 
to understand how the response 
varies as the sandwich panels’ 
geometrical and mechanical pa-
rameters vary. The obtained results 
are encouraging towards the 
application of SAS panels as the 
deck of multistorey steel buildings, 
showing that the typical spans of 
a floor grid of a building (2-3 m), 
could be realised with sandwich 
floor panels with a thickness 
of about 30-40 mm and minimal 
weight (less than 40 kg/m2). This 
drastic reduction of weight results 
in a proportional reduction of the 
seismic forces, resulting auto-
matically, without additional costs 
and less material consumption, 
into more resilient and sustainable 
structural solutions. 
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The research objective is based 
on investigating joining methods, 
by use of Glass Fiber Reinforced 
Polymer (GFRP), that can be fea-
sible solutions which assure the 
integrity of the wind energy con-
verters. The potential of several 
new or adapted existing methods 
was researched and evaluated 
based. Three connections were 
selected to conduct a more thor-
ough investigation: friction joint, 
t-bolted flange and the bonded 
joint. Based on the FE results the 
friction joint is concluded to be 
the most feasible solution as it can 
resist a load which is almost 10% 
higher than the expected external 
design loading.
The motivation behind this idea 
stimulated the use of the strong 
properties of steel while it solved 
its weak points by exploiting other 
materials. This approach elevated 
the steel construction to a new 
dimension. Contrary to steel, GFRP 
is not that straight forward when 
it comes to it its properties. There-
fore, it was considered indispen-

sable to conduct experiments on 
laminate level. Additionally, extra 
laboratory work was performed to 
gain a better insight on the perfor-
mance of adhesively bonded joints 
between steel and GFRP. Finally, 
computer models were created 
to understand and improve the 
proposed joining methods. After 
the execution of the experimental 
and the relevant numerical work, 
the final verification of the most 
promising joints took place.
Conclusively, this research proves 
that recognizing the weaknesses 
of steel will result in implementing 
it in a more efficient way. The ma-
jor contribution of this work is that 
it proposes applicable methods 
to connect steel with composite 
materials. Lots of different joining 
techniques were proposed and 
several of them were investigated 
more thoroughly. The proposed 
joints could be an inspiration 
on how to use steel in hybrid 
structures for various engineering 
applications and it should not be 
limited to the wind industry.

New joints of GFRP tower with a steel support structure for 
offshore wind turbines

Angeliki Christoforidou (shortlist)
Graduated at Delft University of Technology, Civil Engineering (NL)

Reviving modular construction: Static and cyclic FE analyses 
of a novel, optimised inter-locking connection for modular 
buildings systems 

Dan-Adrian Corfar
Graduated at University of Leeds, School of Civil Engineering (UK)

The aim of this project was to 
focus on the modular connection 
design limitations and develop 
prototypes which embraced flexi-
bility and resilience in design, and 
further supported disassembly and 
reuse operations towards the fast-
er transition to the future Autono-
mous Construction (through robot-
ics). A fastener-free inter-modular 
connection design was developed 
based on the interlocking action 
of the joint components. The main 
component of the joint was further 
optimized through a comprehen-
sive topology optimisation study 
(TO). The final design was taken 
further to the testing stage, in 
which the mechanical properties 
of the connection (strength, stiff-
ness, ductility) were determined 

through a series of monotonic 
static and quasi-static cyclic 
loading procedures modelled in 
FEA software Abaqus. 
Results revealed that in terms of 
load-bearing capacity, ductility 
and energy dissipation ability, the 
structural behavior of the new 
connection was comparable to 
that of other inter-module joints 
in literature, while managing to 
tackle their limitations by intro-
ducing both an easy-to-install and 
easy-to-disassemble configuration 
with promising opportunities for 
reuse, further demonstrating 
that inter-locking joints could be 
worthy competitors for traditional 
means of attachment in the future 
of modular construction. 
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Within the RFCS INNO3DJOINTS 
an innovative plug-and-play joint is 
developed, connecting a truss girder 
of lightweight steel profiles to tubu-
lar columns. Allowing for modularity 
and industrialization of low to mid-
rise buildings, the project results will 
increase the competitiveness and 
sustainability of steel construction. 
However, explicit rules for safety 
verification of open cold-formed 
beam-to-tubular column joints are 
missing in the current EN 1993-1-8. 
In this study, the behaviour of the 
plug-and-play joint is characterized, 
in terms of strength, stiffness and 
rotation capacity, following the 
well-established component method 
approach included in EN 1993-1-8. 
An experimental and numerical 
study are performed using the com-
ponent test; T-plug bending around 
weak axis, including a parametric 
study on the geometry for S355 

were performed. This results in the 
identification of a total of seven 
active components for the plug-and-
play joint, consisting of basic EN 
1993-1-8 components and tubular 
components from the CIDECT 
report 18F: ‘Component method for 
tubular joints’. In addition, two new 
components are introduced namely, 
the reverse channel in bending and 
T-plug in bending. The obtained 
results are used to verify new ana-
lytical expressions to characterize 
the resistance and stiffness of the 
new components. The component 
interaction is established by propos-
ing a physical spring model and a 
Eurocode aligned component model 
is recommended for practical use 
in design standards. The analytical 
model results in the characteriza-
tion of the joint behaviour for the 
parametric study, consisting of 132 
unique configurations.

Component Characterization of T-plug Bending Around 
Weak Axis

Milco Hahury
Graduated at Delft University of Technology, Civil Engineering (NL)

Structural design of steel structure on hangar for repair and 
maintenance of aircrafts

Nikolay Krasimirov Karaivanov
Graduated at University of Architecture, Civil Engineering and Geodesy, 
Structural Faculty, Sofia (BG)

The project considers a conceptual 
solution for a steel structure of a 
largest facility on the territory of 
Eastern Europe for aircraft service 
and repair, Hangar 1 at Lufthansa 
Technik in Sofia. The facility is span-
ning the impressive span of 92.00 
meters without any intermediate 
supports and has a clear area of the 
main hangar volume of 5600 sqm. 
The project reviews the challenges 
that comes along with a large-span 
structure and the importance of 
steel as structural material in the 
modern construction industry. A 
modern industry that strives to push 
structures to their limits. For such 
facilities significant resistance is 
required for carrying the self-weight 
of the structure where steel comes 
in place – high strength and light 

weight material. In that point of 
view, any other material used for 
structural purposes is just not 
relevant. 
The chosen structural concept and 
material gives the opportunity to 
design a facility with high utilization 
and efficiency. The basic design is 
presented in following logical order 
to analyze structures of such type. 
It comprises of a feasibility study of 
the worlds’ experience with similar 
spans and argumentation of the 
project conceptual decisions; site 
conditions and load definitions; 
preliminary design of steel structure 
(selected connections analysis); 
global FE model of structure (design 
for horizontal loadings); founda-
tions basic design and erection 
technology.
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This thesis elaborates an ‘explora-
tive study on the tear-out strength 
of pain or bolt in a Wire and Arc 
Additively Manufactured carbon 
steel plate’. It is expected that the 
building industry will profit highly 
from AM and from Wire and Arc 
AM (WAAM). Until now, for struc-
tural applications the use of WAAM 
stainless steel was investigated. 
This research focused on carbon 
steel S460. The material properties, 
such as strength, stiffness and 
ductility, are determined. Different 
thicknesses and printing directions 
were tested and compared, also 
with conventionally produced 
carbon steel and WAAM stainless 
steel. Then the tear-out strength 
of a single pin or bolt in WAAM 
plates. The experimental results 
were compared with the theoret-
ical forecast, and also with the 
design formulas of conventionally 
produced carbon steel derived from 
the Eurocode and related literature.

The conclusion is that WAAM car-
bon steel is an appropriate material 
for structural purposes. Due to the 
high stiffness, the same values as 
for conventionally produced steel 
are found. The second element are 
the low costs. However, the yield 
strength and the maximum tensile 
strength for WAAM are lower than 
the strength of rolled carbon steel. 
The ductility requirements of the 
Eurocode are met. A reduction 
factor to indicate the roughness 
of the different thicknesses of the 
printing directions of the samples is 
determined. 
The conclusion of the tear-out 
strength experiments with small 
end distances is that the same 
model for 3D printed as for conven-
tionally produced carbon steel can 
be used, but only if the maximum 
tensile strength is determined by 
smooth milled specimens and when 
the effective thickness is taken into 
account. 

Steel 3D printing for structures

Geerte Kotteman
Graduated at Delft University of Technology, Civil Engineering (NL)

Thermophysical behaviour of passive fire protection mortars 
with cementitious and gypsum base

Miguel Lopes de Figueiredo 
Graduated at University of Coimbra Department, Civil Engineering (PT)

This research, mostly of an 
experimental nature, is integrated 
in the Nanofire research project. 
The main objective was to develop 
gypsum or cement base mortars 
as passive fire protection in 
metallic elements to evaluate 
their thermal performance and to 
analyse the mechanical behavior 
of metallic columns protected with 
these mortars, subject to axial 
compression and high tempera-
tures. 
Currently, vermiculite and/or 
perlite have been incorporated in 
gypsum or cement-based mortars 
(as a substitution for sand), with 

the objective of improving their 
thermal performance when sub-
mitted to high temperatures. Due 
to their highly porous structure, 
these materials absorb moisture 
in varying degrees, depending on 
their type, allowing their durability 
to be prolonged in a fire situation, 
until the moment this moisture 
evaporates from the material. As 
they are non-combustible materi-
als with good thermal properties, 
there is the potential to be used 
in the development of plaster or 
cement mortars as a passive fire 
protection solution in buildings of 
metallic structures.
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While steel orthotropic bridges 
in the Netherlands are heavily 
susceptible to fatigue loading, the 
behavior of fatigue cracks remains 
an arduous task to model. The 
goal was to apply the fundamental 
science of fracture mechanics 
to the real-life application of an 
orthotropic steel deck. A rib-to-
crossbeam joint was investigated 
and experimental tests were 
conducted for validation of the 
numerical results.
The numerical results complied 
with those of experimental results, 
with deviations of no more than 1 
mm of the crack path. Both data 
show that the propagation rate 
remained somewhat constant. But 
the fatigue life assessment results 
showed stronger deviation. A 
parametric study was performed 
to investigate the effect of the 
initial crack depth. Three different 

cases were examined for which 
the initial crack depths were 
selected as 1, 2 and 3 mm. Varying 
the initial crack depth did not lead 
to a significant change in crack 
path at the surface of the rib, while 
the depth in the thickness direc-
tion was affected. Regarding the 
fatigue life assessment, the results 
with respect to an initial crack 
depth of 1 mm, complied best with 
experimental results. 
As the methodology is based on 
fracture mechanics, an initial 
crack is required prior to evalua-
tion. Consequently, the application 
in engineering practices lies in 
re-evaluation of structures. More-
over, the fatigue life assessment 
has shown to be sensitive to the 
chosen parameters in Paris’ law. 
Therefore, more insights must be 
obtained regarding the selection of 
such parameters. 

Fracture Mechanics – Application on Othotropic Steel Decks

David Malschaert
Graduated at Delft University of Technology, Civil Engineering (NL)

Development of an innovative model for characterizing the 
precise behaviour of steel and steel-concrete composite 
construction joints

Julien Mathieu
Graduated at Université de Liège, Faculty of Applied Science (BE)

This thesis focuses on the 
development of a spring mechan-
ical model allowing the precise 
characterisation of the real 
behavior of steel and steel-con-
crete composite joints. The actual 
design methods (Eurocode 3, part 
1-8) allow a great precision for 
bending moments but are quite 
limited for combined bending 
moment and axial force cases. 
Springs mechanical models have 
been developed to represent more 
accurately the joints behavior, but 
it turns out that they are not taking 
into account all phenomena. 
Group effects which can appear 
between several bolts rows, 
components ductility and shear 
resistance are discussed. The part 
‘column web in shear’ should be 
considered but is not examined. 
The changes firstly concern a 
model which was developed 
before this work, integrating group 
effects. It has been extended to 
a bigger range of joints configu-
rations and has been adapted to 
allow an easier numerical imple-
mentation. Next, Matlab routines 
have been written to automate 
the numerical springs model con-
struction which will be introduced 

in the nonlinear analysis software 
Finelg, as well as processing the 
output values. So it allows, from 
the general data of the joints such 
as the geometrical configuration 
and the components mechanical 
characteristics, to draw the M-N 
interaction resistance diagram, 
with or without considering 
ductility. The shear resistance 
has also been calculated from the 
components resistances in order 
to verify this parameter in addition 
to the maximal M-N interaction 
capacity, which can sometimes re-
duce the latter. Finally, the defined 
mechanical model implemented 
through the routines has been 
tested and verified in order to val-
idate its effective functioning. Two 
test cases have been conducted, 
by analysing the initial rotational 
rigidities, resistances and failure 
schemes in negative and positive 
bending and tension. The obtained 
M-N diagrams have also been 
confronted to the analytical pre-
dictions. These verifications being 
conclusive, this has allowed to end 
the development of the numerical 
mechanical springs model for the 
so called ‘connexion’ part of the 
joint.
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The steel tubular joint structure is 
widely used in marine engineering, 
construction engineering, bridge 
engineering and mechanical 
engineering. However, there are 
few relevant studies results on the 
tubular K-joints reinforced with 
collar plates. This study is set to do 
the relevant researches on the axial 
bearing capacity performance. Four 
CHS K-joints in two groups have 
been experimentally tested, and 
the deformation and failure of such 
joints are summarized. The influ-
ence of the ratio of brace to chord 
diameter, the influence of way in 
reinforcing with collar plate on 
the ultimate bearing capacity and 
the load-displacement curve are 
analysed. In terms of the increase 
of the ultimate capacity of joints, the 
capacity of the specimen K4 can be 

at least 27% or 35% higher, when 
significantly improved by the meth-
od of collar plate reinforcement. 
However, the displacement results 
calculated by the finite element 
method are quite different from the 
experimental results, which makes 
comparison the FE results with 
other researchers is necessary. 
Comparing the finite element results 
in this paper with the results of the 
three joint test results of others, the 
difference between the ultimate 
bearing capacity of the experiment 
and the FE results differs between 
7% and 8%. It proves that the FE 
result of K-joints is reliable. Fur-
thermore, a parameter analysis is 
carried out to establish the right the 
calculation formula of the joint ulti-
mate bearing capacity improvement 
coefficient.

Study on Axial Capacity of CHS K-joints Reinforced 
with Collar Plate

Peiyang Li
Graduated at Beijing University of Civil Engineering and Architecture, 
School of Civil and Transportation Engineering (CN)

Structural optimization of horizonal links

Carlos Ramonell
Graduated at Universitat Politècnica de Catalunya, Faculty Civil 
 Engineering (ES)

The project presents an imple-
mentation of structural optimiza-
tion algorithms for the design of 
horizontal links of Eccentrically 
Braced Frames (EBFs) when sub-
jected to monotonic shear loading. 
The objective is to study optimised 
geometries that open new design 
paths for these types of elements. 
With new additive manufacturing 
techniques such as WAAM (Wire 
and Arc Additive Manufacturing), 
energy dissipators may become 
one of the strategic applications 
for 3D printing of steel structures. 
An optimization procedure based 
on a displacement-controlled 
lateral load (push-over) applied 
to a single-storey EBF has been 
created using Abaqus FEA and 
Abaqus Optimisation Module 
(ATOM). The resulting geometry 

of optimized links performance 
has been compared with the 
performance of original links in 
terms of initial stiffness, yield 
strength, maximum strength and 
energy dissipation. Optimisation 
results show promising geomet-
rical configurations that are able 
to improve the characteristics of 
the links. Further research lines 
related to anisotropic behavior and 
advanced loading protocols are 
suggested. 
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This paper studies the bearing per-
formance of the T-shaped circular 
hollow steel joints under axial 
tension under the reinforcement of 
the external stiffener rings without 
pre-loading, and of the T-shaped 
circular hollow steel joints under 
the reinforcement of the external 
stiffeners under pre-loading. The 
size, loading device, loading sys-
tem and final data of three groups 
of six T-shaped without pre-load-
ing circular steel pipe joints were 
introduced. Based on the test 
data, the finite element model 
of T-shaped steel joints without 
pre-loading was analysed with 
ANSYS software, and the selection 
of finite element tool, the yield 
criterion of the model, the setting 
of dimension and thickness, the 
setting of weld, the finite element 

meshing, the boundary condition 
and the loading solution were 
introduced. The FE analysis model 
of the stiffening ring outside the 
T-shaped steel joints under tension 
state was obtained by comparing 
the FE simulation data with the 
experiment. Three groups of six 
load bearing capacity of the joints 
were tested. The dimension design 
before the experiment, the loading 
process of prestress, the loading 
system, the welding work during 
the load holding process and the 
failure form were introduced in 
detail. Finally, the load-displace-
ment curves of three sets of joints 
under different initial loads were 
obtained. The influence of rein-
forced circular hollow steel joints 
on the bearing capacity of axial 
compression was investigated.

Studies on Axial Loading Capacity of CHS T-joints Reinforced 
with External Stiffening Rings and External stiffeners

Shanshan Huang
Graduated at Beijing University of Civil Engineering and Architecture, 
School of Civil and Transportation Engineering (CN)

Investigation of the behavior of internal welded steel joints 
with or without FRP strengthening

Eirini Sofokleous
Graduated at National Technical University of Athens, School of Civil 
 Engineering, Laboratory of Steel Structures (GR)

This thesis investigates an innova-
tive method of strengthening steel 
joints by composite materials  like 
carbon fiber-reinforced polymers 
(CFRPs) – aiming to improve their 
capacity properties with mini-
mal interventions on the design. 
Numerical simulations of internal 
welded joints are performed 
along with physical experiments 
to validate the results of the FEA 
software. Then, the influence of 
the number and the location of the 
CFRPs on the performance of the 
steel joint is examined.
Generally, it is concluded that 
steel joints can be strengthened 
with CFRP, which have minimal 
thickness and considerably high 
strength, resulting in light-weight 
structures. It is underlined that 
steel-CFRP combination can 

reduce the required size of the 
steel profiles and also the environ-
mental footprint of the structures. 
In particular, by adding CFRP in 
steel joints, which are usually the 
heaviest part of the structures, an 
improved structural behavior can 
be obtain maintaining an aesthet-
ically acceptable design. Besides, 
CFRP layers can be applied in 
existing structures to enhance 
their performance and increase 
their technical and service life-
time. Thus, the smart integration of 
CFRP in steel structures could be 
the key for a durable and sustaina-
ble design.
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The behavior of bolted deck-to-
girder connections in FRP-steel 
composite bridges with the 
application of renovating movable 
highway bridges with timber decks 
is the main objective of the thesis. 
Using a series of finite element 
models, the application of a bolted 
FRP deck is investigated on an 
existing movable highway bridge. 
In order to achieve interaction 
between the existing steel struc-
ture and FRP panels, slip-resistant 
demountable connections are con-
sidered, namely, the injected Steel 
Reinforced Resin (iSRR) connec-
tion. Starting from a small-scale 
FE model of the iSRR connection, 
a process of simplifications and 
upscaling of the models will lead 

to a large-scale bridge model. 
Firstly, a highly detailed model of 
a push-out test is developed to 
assess the static performance 
of the iSRR connector. Secondly, 
the mechanical performance of 
an FRP-steel composite system is 
investigated in a composite beam 
model. Using the latter model, 
different modelling techniques of 
the deck-to-girder connections are 
compared to propose an efficient 
technique to determine the forces 
in the deck-to-girder connections. 
Finally, a large-scale bridge model 
is used to determine the forces in 
the deck-to-girder connections 
under a number of load cases and 
to provide a recommendation for 
the distribution of the connections.

Modelling the mechanical performance of bolted deck-to-gird-
er connections in FRP-steel hybrid bridges

Jan Swinnen
Graduated at Delft University of Technology, Civil Engineering (NL)

Bearing-type resistance of flow-drilled connections

Szabó Zalán
Graduated at Budapest University of Technology and Economics, 
Faculty of Civil Engineering (HU)

This thesis investigates the 
flow-drilling technology in the 
local construction industry and 
the behavior and load-bearing 
capacity of the structural connec-
tions made with it. Flow-drilling 
offers alternative solutions to 
many challenges, which can be 
examined in a targeted manner by 
exploring the limits of a possibly 
new technology of bolted joints. A 
flow-drilled two-screw single-lap 
joint is examined with numerical 
simulation from several aspects, 
and its effectiveness is compared 
in each case with the results of a 
standard nutted bolt model and the 
standard formulas of EN 1993-1-8. 
The examination/study is executed 
throughout the FEM simulations of 
a parametrically defined single lap 
two bolted shear joint.
Based on said inquiry it is conclud-
ed that by neglecting the effect 

of screw threads the flow-drilled 
steel connection has approximate-
ly 3-8% lower ultimate resistance 
force than the very similarly built 
classical bolted nut connection. 
However, if the effect of screw 
threads can be taken into account 
(small displacements assumed), 
then the ultimate joint force can 
reach up to 150% of said tradition-
ally built connection resistance. 
As a matter of steel connections in 
civil engineering, possibly the main 
advantage of flow-drilling is the 
new availability of closed section 
connections, since through-bolts 
are no more needed and the tech-
nology is said to be applicable up 
to 12 mm wall thickness. Consid-
ering that the technology relies on 
surface friction, it is believed to 
completely destroy the passivating 
layers thus it has to be taken care 
of post-drilling.
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A procedure for determining 
material properties on coupon 
specimens is presented. The thesis 
was developed while at work as 
a guest researcher at TU Delft. 22 
Tests have been conducted and 
analyzed. The coupon specimens 
are cut from the plates printed by 
ArcelorMittal Global R&D Bars & 
Wires by using Wire Arc Additive 
Manufacturing (WAAM) and weld-
ing wire AWS 5.18 ER70S-6 Böhler 
K56. The surface of 8 coupon 
specimens has been milled and 
14 specimens have the surface as 
printed. The specimens were cut 
from 4 plates, in three directions 
0° (longitudinal), 45° (inclined) and 
90° (perpendicular) to the printing 
direction. Milled specimens and 
specimens in as printed conditions 
are investigated, focusing on the 
influence of surface irregularities 
on the evaluation of specimens 
behavior. 2D Digital Image Corre-
lation (DIC) is used in evaluating 
engineering stress-strain diagrams, 

E-modules and Poisson ratios for 
each specimen. 
Obtained results indicate that 3D 
printing technology has accom-
plished material properties rather 
close to the rolled steel showing 
minor anisotropy, E = 200 GPa, 
fracture strain above 25%, strength/
yield stress beyond 1,3, for steel 
grade having fy = 420 MPa. The 
roughness of the surface is just 0,2 
mm for the thickness of 3,7 mm, 
obtained using the welding wire 
diameter of 1 mm. 
FEM is used to validate the exper-
imental results and to calibrate 
damage material properties. Re-
sults of uniaxial coupon specimens, 
the stress-strain curve, is divided in 
3 stages: the elastic stage, the plas-
tic stage and the coupled plastic 
stage. The coupled plastic-damage 
stage is further decomposed into 
the plastic-dominated zone and the 
damage-dominated zone. The true 
stress-strain curve after necking is 
calibrated by FEM.

Evaluation of structural properties of high performance steel 
obtained on coupon specimens

Iulia Alexandra Țăruș (shortlist)
Graduated at Technical University of Civil Engineering, Bucharest 
 (Romania) & Guest Researcher at TU Delft, Civil Engineering (NL)

Influence of plate curling on bolt bearing resistance

Matej Toporiš
Graduated at University of Ljubljana, Faculty of Civil and 
Geodetic Engineering (SL)

Curling failure typically occurs in 
bolted lap connections with thin 
plates where the force is trans-
ferred by bolt bearing. The curling 
phenomenon is related to the high 
compressive stresses caused by 
the bolt bearing that cause the 
plates to buckle, reducing the 
bearing strength of connections. 
Since the reduction of the bearing 
strength due to curling is not 
considered in the design codes, 
the phenomenon of curling was 
investigated numerically to under-
stand the mechanical behavior 
and to develop simple design rules 
that to account for the reduction in 
bearing strength. 
The reduction factor was devel-
oped considering the Eurocode 
approach, i.e. by calculating the 
elastic critical force associat-
ed with curling and the related 
relative slenderness. Therefore, 
the elastic critical force relat-

ed to curling was obtained by 
preforming a parametric buckling 
analysis in the finite element 
software Abaqus. These results 
were used to develop a simple 
analytical model for calculating 
the elastic critical curling force. 
The reduction factor was obtained 
from the relationship between the 
parametric GMNIA results and the 
relative slenderness. The strength 
of single bolt lap connections was 
determined by geometric and 
material nonlinear analysis with 
imperfections (GMNIA) consider-
ing various parameters, namely 
ratio of bolt diameter to plate 
thickness, end distance e1, edge 
distance e2, material grade (S235, 
S690), amplitude of imperfections 
and boundary conditions. The 
accuracy of the reduction factor 
for bearing strength is checked 
using experimental data from the 
literature.




