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ABSTRACT

The author has had the good fortune to be active for the past four decades almost uninterruptedly as a designer, researcher,
teacher, and standards-writer. Over this time, he has been observing a tendency for an increased degradation of the profession,
with the segregation between education, research, and practice. It is the opinion of the author that each of these fields has
been experiencing individual advances isolated from a holistic view of the profession, compromising the evolution and, con-
sequently, the impact of civil engineers in society. Consequently, the profession is becoming less and less attractive for bright
and motivated young people. It is the opinion of the author that such trend can only be inverted by placing more emphasis on
the creative and intellectual components in each of the fields of education, research, and practice, as well as by bridging the
gaps between them. These considerations are supported by personal experience which is shared in this article by presenting
some instances of conceptual designs.
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RESUMEN

El autor ha tenido la suerte de trabajar durante las tltimas cuatro décadas casi ininterrumpidamente como disefiador, investiga-
dor, profesor y redactor de normas. Durante este tiempo, ha observado una tendencia a la degradacién creciente de la profesion,
con la segregacién entre educacion, investigacion y préactica. En opinién del autor, cada uno de estos campos viene experimen-
tando avances individuales aislados de una visién holistica de la profesién, comprometiendo la evolucién y, consecuentemente, el
impacto de los ingenieros civiles en la sociedad. En consecuencia, la profesion resulta cada vez menos atractiva para los jovenes
brillantes y motivados. En opinién del autor, esta tendencia sélo puede invertirse haciendo més hincapié en los componentes
creativos e intelectuales de cada uno de los &mbitos de la ensefianza, la investigacion y la practica, asi como colmando las lagunas
existentes entre ellos. Estas consideraciones se apoyan en la experiencia personal, que se comparte en este articulo presentando
algunos ejemplos de disefios conceptuales.
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©2026 Hormigén y Acero, la revista de la Asociacion Espafiola de Ingenieria Estructural (ACHE). Publicado por Cinter Divulgacién Técnica S.L.
Este es un articulo de acceso abierto distribuido bajo los términos de la licencia de uso Creative Commons (CC BY-NC-ND 4.0)

*  Persona de contacto / Corresponding author:

Correo-e / e-mail: aurelio.muttoni@epfl.ch (Aurelio Muttoni)

How to cite this article: Muttoni, A. (2026). On Conceptual Design, Assessment of Existing Structures, Research and Standards. Hormigén y Acero. 77(308):
175-190. https://doi.org/10.33586/hya.2025.4100

Muttoni, A. (2026) Hormigén y Acero 77(308); 175-190 — 175


http://www.hormigonyacero.com
https://doi.org/10.33586/hya.2025.4100
https://doi.org/10.33586/hya.2025.4104

mailto:aurelio.muttoni@epfl.ch
https://doi.org/10.33586/hya.2025.4100

600

Civil engineering

500

400

300

200

100

0
S AN T O VO ANTOVOANTONONT O 0O
0P PO PROANDDDRNDD DD DD = o — a
R R - R N N N N N R O O B = B R e R
—————————— AaAaaaaaaaaaaan

600

Architecture

500

400

300

200

100

o
(o]
S OO OO OO O
AN AN AN N

2002

Figure 1. Number of students in civil engineering and architecture starting their curricula at both technical universities in Switzerland (male in
blue; female in red, data by the Swiss Federal Office of Statistics).

1.
INTRODUCTION

Several great structural engineers of the last century have
already emphasised the importance of structural design in
the work of engineers (Maillart [1], Nervi [2], Freyssinet
[3], Torroja [4], Schlaich [5]). Although the profession of
civil engineering shares the same roots as those of archi-
tecture (until the 18th century, they were simply referred
to as builders), the separation became necessary with the
industrial revolution. At that moment, construction using
relatively expensive materials (cast iron and steel, and later
reinforced concrete) made necessary to calculate and dimen-
sion them, which required new skills and specific education.
However, for at least a century now, the scientific side of
structural engineering (analysis, verification, dimensioning)
has taken over [6] and nowadays, our masters' warning is
even more justified. If we compare ourselves with our ar-
chitect colleagues, with whom we still share the design and
project activity, the evolution of the last few decades has
been rather unfavourable. The trend in students’ number in
both disciplines bears witness to this (Figure 1). Although
the trends were similar until recently, and essentially corre-
lated with the economic situation in the construction indus-
try, for some time now we have been witnessing a reverse
trend (see Figure 1).

We should be concerned by the fact that our profession is
seen by young people, perhaps wrongly, as being too techno-
cratic, having little to do with solving society's challenges, and
attracts therefore fewer and fewer young people. It is also worth
mentioning that, unlike architecture, where in some universi-
ties, more than half the students are female (Figure 1), our pro-
fession is having difficulty attracting young women.

The challenges of climate changes and artificial intelligence,
with all their risks and opportunities, make it more urgent to
reflect on the current situation and possible outcomes. The the-
sis developed in this text is that engineers should once again be
able to free up more time for design and project-related activi-
ties, and with more creativity in all activities.
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2.
ABOUT DESIGN, CONCEPTUAL DESIGN, AND CREATI-
VITY

First of all, what is the most noble and interesting activity
of the engineer, and what should be the added value of the
engineer’s activity to the society?

According to Wikipedia, “engineers, as practitioners of engi-
neering, are professionals who invent, design, analyse, build and
test machines, complex systems, structures, gadgets and materials to
fulfil functional objectives and requirements while considering the
limitations imposed by practicality, regulation, safety and cost” [7].
Interestingly, in this definition, the creative component of engi-
neer’s work is listed at the beginning of the engineer’s activity.
With this respect, the etymology is also interesting: the word
engineer (Latin ingeniator) is derived from the Latin words “in-
geniare” (to invent, to plan, to devise) and “ingenium” (cleverness,
therefore, “engineer” has the same etymology as “genius”).

Design is a word that has among civil engineers, especially
in English, a too broad meaning that often lends itself to con-
fusion. To avoid misperceptions, the word 'design' should be
reserved for the creative and intellectually noble part of the
engineer's activity, while another definition should be reserved
for the technical part, associated with dimensioning and verifi-
cation. Current standards for structural engineering have also
contributed to the misperception surrounding the word design.
In fact, design values used in our standards [8,9] have very little
to do with design, being rather values needed to dimension a
new structure or assess an existing one (the definitions “valor
de célculo” in Spanish, “Bemessungswert” in German, “valeur de
calcul” in French and “valore di calcolo” in Italian correspond
better to the concept than the English term “design value”).

To overcome this misperception related to the word design
(here again, this is mainly a problem of the English language:
in German, Italian, and French, we respectively differentiate
Gestaltung / Bemessung; progetto / dimensionamento; projet /
dimensionnement and certainly other languages also make this
distinction), the definition of conceptual design was introduced at
the end of last century when a congress called “Conceptual De-
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Figure 2. Significance of conceptual design in terms of time devoted and impact on the quality of the structure compared to other engineer’s

activities.

sign of Structures” was organised by Jorg Schlaich at Stuttgart
for the International Association for Shell and Spatial Structures
in 1996 [10].

With this respect, the International Federation for Structural
Concrete (fib) took the initiative, based on a precursor idea by
Hugo Corres, to organise a series of symposia on Conceptual
Design every two years. The first event took place in Madrid in
2019 followed by the symposia in Attisholz (Switzerland) in
2021 and in Oslo in 2023, to be pursued by events in Rio de
Janeiro in 2025 and in Italy in 2027.

When we initiated the 2021 symposium with my colleague
Joseph Schwartz, we discussed much about what conceptual
design is (and what is not). During the symposium, it became
evident that the variety of definitions of conceptual design
was no less than the number of participants at the conference.
However, we believe that conceptual design should be defined
to avoid the risk that at the end, everything is considered be-
longing to it (in fact, to avoid again the confusion related to the
term “design”). For this reason, we have tried to formulate a
definition in our contribution to the book “Conceptual Design
of Structures” [11]:

“The term Conceptual Design of Structures denotes the intel-
lectual activity of developing a highly appropriate structural
solution - in terms of structural system, shape, materializa-
tion, construction method, detailing, etc. — for a given purpose
in a defined context. When related to buildings, it follows the
programmatic idea of a reconciliation between the discipline
of engineering and architecture through the reciprocal integra-
tion of load-bearing structure and architectural design con-
cept, with a unified understanding of the interplay of form and
load-bearing capacity. This activity is nurtured by knowledge
of the functioning of structures and of construction history -
although it should never be limited to uncritically applying
already known solutions”.

The experience and the success of the Conceptual Design
Symposia organized by fib have shown the need to increase

the importance of creativity in the contemporary work of
structural engineers. Current and future challenges related
to sustainability aspects, to a better distribution of resources
in the world, to the correct use of artificial intelligence (in-
creasing the beneficial results and minimising the threats), to
the lack of attractiveness of our profession among the young-
er generations, to the decreasing motivation and increasing
frustration of some designers confirm these needs and make
a rethinking of our priorities even more important. The struc-
tural project and the creativity required to improve it should
be at the heart of our commitment. Creativity is also a key
aspect to make structural engineering more interesting, to en-
sure the engineer's contribution as a significant added value,
to keep current colleagues motivated in our field and to at-
tract more talented young people to our profession.

All the phases starting from the initial conceptual design
to the final execution in the construction site of a structure
for a building or for an engineering work such as a bridge
require a broad range of skills, the collaboration of many ac-
tors within an engineering office, as well as collaboration and
interaction with many external actors. Personal experience
shows that the creative part is often the most rewarding and
has often the most impact on the final quality of a structure,
even though it requires relatively little time commitment
(Figure 2). In the examples shown in Figure 3, the initial
phase of structural conceptual design, starting with the study
of the context, the analysis of needs, the proposal of a few
sketches up to a pre-dimensioning (typically a very simple
manual calculation), took relatively little time, but was then
followed by other phases in which everyone's commitment
and perseverance were equally decisive in achieving the final
quality of a structure. With this respect, detailing plays also
a major role and without a professional coordination with
other actors (owners, architects, contractors, other specialists,
...) and an efficient transmission of knowledge between them,
it would be impossible, nowadays, to successfully finalise a
project. In addition, efficient coordination and transmission
of information are instrumental to limit the risks of human
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Figure 3. Bridges Auriglia and Loveira over the Calancasca river, Southern Switzerland, (a) sketches for the conceptual design of the Loveira
bridge, (b) final design of the Auriglia bridge and (c) photo of the Auriglia bridge (Lurati Muttoni Partner civil engineers, A. Muttoni structural
designer) [12].

errors and to control the costs and the final quality of the
work. It is therefore fair to acknowledge everyone's contri-
bution, but neither should one fall into the temptation of
wanting to quantify contributions only in terms of time and
effort. Unlike architectural projects, which have many simi-
larities with our own projects, and where the author of the
project is clearly defined, in engineering projects there is of-
ten a tendency to keep the role of the author of the conceptual
design quiet. This is clearly counterproductive. Without fall-
ing into the opposite excess, which is common in other fields,
where only the author of the project is often mentioned, in
our structural projects, this role should be emphasised more
so as to motivate young colleagues to be more involved in
conceptual design of structures. We should therefore speak
more often of 'design author' for engineering works, 'author
of structural design' for buildings in which there is a real cre-
ative contribution on the part of the engineer, or simply of
‘structural designer’.

Still with respect to Figure 2, according to the experi-
ence of the author, the situation has deteriorated in the last
decades. The introduction of new technologies, accelerating
phases such as analysis and the preparation of drawings, in-
stead of liberating more time for the creative component of
the profession, has been used to coordination and administra-
tive tasks. This trend must absolutely be inverted since these
technological advances will continue (see for instance artifi-
cial intelligence). The risk is that the weight of the creative
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component of our profession will further decrease with time.

Civil engineers should take action and use the new tech-
nologies in their favour, for instance using the automation for
repetitive and administrative tasks and improving the quality
of the projects by dedicating more time to the intellectually
challenging tasks instead of searching to reduce the time de-
voted to the project.

In the design of structures, a clear definition of the re-
quired function and a knowledge of possible construction
methods and their economic costs, planning and environ-
mental implications are necessary. In addition, an ability to
analyse the constraints and particularities of the site with the
landscape and the built environment, a deep understanding
of how structures work and a good knowledge of construc-
tion history are essential. In this context, it is not a question
of adopting uncritically well-known solutions, but of taking
inspiration from them, adapting, optimising, and developing
them to better meet the requirements of the new project. A
creative contribution leads to an evolution of the adopted
structural solution. In structural design, revolutionary and
disruptive solutions are rare, but continuous evolution is pos-
sible and desirable. It is often a question of studying with
a critical and curious eye, and, of course, of understanding
known solutions, so as to be able to improve them. Our own
previous projects are often a privileged source of inspiration
because the potential for improvement is better known as a
result from the lessons learnt during the completion of the
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Figure 4. Development of under-spanned structures and bowstrings for footbridges and bridges; (a) pedestrian bridge over the River Ticino at
Faido, Switzerland, 1987; (b) bridge over the river Brenno at Loderio, Switzerland, 1993-94; (c) Bridge at Odogno, Sitzerland, 1995-96; (d)
Bridge over the Ticino river at Villa Bedretto, Switzerland, 1996, (e) Design competition for a railway bridge in Switzerland, 1992; (f) Design
competition over a river in Senigallia, Italy, 1995; (g) Competition for a bridge in Corticiasca, Switzerland, 1997; (h) Project for a Bridge over
the Reddalskanalen, Norway, 1996; (i) Study for continuous bridges in Norway, 1997; and (j) Bridge Auriglia over the Calancasca river, Switzer-
land, 2018-2021 (see also [13,15,12]).

work. Never being completely satisfied with what we have
designed and realised is an approach that makes it easier to
find a better solution for the next projects. Nevertheless,
every project is different, in the sense that the sites, challeng-
es and constraints are different.

Sometimes, innovative solutions result from a desire to
improve a project for a very specific situation and can then
be adapted for very different cases. The road bridge shown
in Figure 3, for instance, is the result of a long evolution that
began three decades before when the aim was to design for a
client with very limited means the most economical and light-
est footbridge possible. The initial idea of a very slender bow-
string had the advantage of very simple fabrication, but the
problem of being too sensitive to variable loads. To solve such

issue, V-shaped tubular connecting elements were introduced
between the top chord and the tie-rod made of reinforcing
bars. The result was a structure that was halfway between
an under-spanned structure and a Vierendeel beam (Figure
4a, [13]). It is interesting to note that Mamoru Kawaguchi
arrived at a similar solution a few years later for his Inachus
bridge at Beppu, Japan, but following a completely different
path (in that case, it was the removal of some diagonals in a
lenticular truss that led to the same structural solution [14]).
The great efficiency of the first footbridge built in 1987, de-
signed when I was still a PhD student, then persuaded me
that bridges and other structures could be built adopting the
same structural solution. A few years later, the opportunity
arose to apply the same idea to the construction of a road
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Figure 5. Verzasca Bridge at Frasco, Switzerland; (a) elevation showing the existing masonry bridge; (b) scheme of the system; (c), (d) and (g)
photos; (e) cross section; and (f) strut-and-tie model of the abutment (Lurati Muttoni Partner civil engineers, A. Muttoni structural designer,
with Michele Arnaboldi architect) [17].

bridge (figure 4b). The short length of the structure (only 50
m) meant that an integral solution, with neither expansion
joints nor mechanical bearings, was suitable. The deck was
therefore clamped in two piers to form a frame. The choice of
material, prestressed concrete for both the deck and the bot-
tom chord, meant that the V-shaped tubular elements of the
footbridge were replaced by trapezoidal reinforced concrete
walls. A visually different solution, but identical from a func-
tional point of view (these elements were designed using the
strut-and-tie method, as if they were two linear elements).
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Several projects for road and rail bridges as well as roof struc-
tures in steel, reinforced concrete, and mixed structures for
a wide variety of situations, were subsequently completed
adopting and adapting the same principle (Figure 4, [13,15]).

A similar development took place with the idea of in-
clining toward the span the two piers of the frame shown
in figure 4b. In this bridge, this solution had been adopted
to facilitate earthworks and the construction of the founda-
tions due to the presence of a road nearby. Positioning the
foundations offset from the end of the bridge also had the
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Figure 6. Footbridge “Cédres” near Lausanne, Switzerland, (a) Scheme of the system, (b-c) conceptual design including study of the prestressed
abutments (A. Muttoni structural designer), (d) view of the finished structure (MC2 engineers, Cano Lasso Architects, Muttoni and Fernandez
engineers, completed 2024).

advantage of reducing the horizontal thrust, thus reducing
the risk of horizontal settlement of the foundations, which
is particularly problematic for frames with short piers. This
principle has been used for other projects (see, for instance,
the bridge in Figure 4d).

The project Figure 5 was proposed as a variant to the
original project consisting of widening a historic masonry
bridge adding a new deck slab in concrete, which would have
significantly altered the appearance of the bridge and given
rise to considerable costs due to the need of strengthening
it. The idea was therefore to create a new structure that was
as slender as possible, and with a relatively long span over
the river in order to preserve the view of the old bridge and
its support on the rock in the middle of the river, but with
enough character to avoid appearing banal. The old bridge
could then be used for soft mobility. The choice for the new
structure was therefore made to clamp the deck in two in-
clined piers to form a frame, but to place the piers that con-
nect the foundations to the deck mostly in the ground, allow-
ing them to almost disappear. The slenderness of the deck is

further enhanced using two support struts. Here again, the
idea to incline the piers was adopted in a different situation
and was instrumental to achieve the goals of a structure that
is as slender as possible and of buried, low-profile abutments,
while requiring limited earthworks. The piers-struts-deck
system was designed as a monolithic structure in which all
the shapes and dimensions were defined based on the inter-
nal forces that could be studied using the strut and tie meth-
od (see Figure 5) and the stress field approach. Evidently,
the great builders such as Maillart, Freyssinet, Nervi, Torroja
and others were able to conceive similar structures and forms
based on intuition and calculation, but today, we can do so
with the most modern means [16].

As the site did not allow for the new bridge to be situated
too far from the existing one, it was designed to limit the
presence of structural elements close to the masonry bridge.
The main structure was therefore designed as thin as possible
(1.10 metres) and positioned on the axis of the bridge, where
the bridge deck slab essentially functions as two cantilevers
on either side.
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The same design principle could be applied in a more re-
cent project, consisting of a very slender footbridge over the
motorway near Lausanne, Switzerland. The initial project,
resulting from a design competition, with a ribbon stretched
over the motorway, had to be abandoned because of (1) the
difficulties of draining of the water from the deck onto the
motorway, and (2) the considerable tensile forces of the stress
ribbon, which would have had to be anchored in a very poor
ground. The idea was therefore to replace the stress ribbon
with a very slender arch (Figure 6). Here, the thrust of the
structure is carried by abutments in the form of pre-stressed
recumbent piers. Once again, the same principle was adopt-
ed, where the geometry of the whole system is designed to
cancel out the horizontal thrust so that the whole structure
can be supported on vertical piles.

The two examples in Figures 5 and 6 show that the same
idea can evolve into completely different projects. Solutions
can be adapted to the requirements and constraints of dif-
ferent situations, and to the aims of different projects. This
is clearly demonstrated in the case of project competitions,
where for the same situation and the same requirements,
the different participants come up with completely different
projects. These projects highlight the importance of struc-
tural design, which required relatively little time for these
projects, but which strongly influenced them.

3.
DESIGN OF INTERVENTIONS ON EXISTING STRUCTU-
RES

In several advanced societies, the centre of gravity of the
structural engineer's activity is shifting from the design of
new structures to the assessment and intervention on existing
ones. This new activity undoubtedly requires specific knowl-
edge and, perhaps also for this reason, a new professional fig-
ure specialised in existing structures is emerging. With this
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respect, it is important to keep in mind that the new knowl-
edge specifically related to assessment and intervention on
existing structures should be seen as an addition to, and not a
substitute to that required for the design of a new structure.
In addition, knowing how to design, how to build and, not
less important, how it was designed, dimensioned, and built
in the past, is crucial to correctly assess an existing structure
(being able to quickly identify hidden defects and to inter-
vene correctly).

The fact that there is less and less construction of new
structures in some Countries can be a problem in this re-
spect. Personal experience shows that young engineers who
have never had the opportunity to design a bridge tend to
have an overly academic and analytical approach. When they
begin to assess an existing bridge, they too often neglect a
crucial initial phase consisting on a sufficiently holistic qual-
itative approach, including (i) the identification of inherent
weaknesses in the structure, (ii) the considerations on the
governing “assessment situations” (performed with a qualita-
tive analysis of the critical details perhaps supplemented by
some very simplified preliminary quantitative verifications),
and (iii) the identification of the main involved uncertainties.
Unfortunately, some young engineers tend to immediately
focus on the aspects they know best and that they are able to
analyse, perhaps neglecting others that are more problematic.
In assessments, we all too often see detailed analyses and ver-
ifications when the real problems are most likely elsewhere.

It is therefore interesting to note that this shortcoming
is analogous to the one previously discussed for the design
of new structures, where the creative part of the conceptual
design is too often neglected and the analytical part is over-
done, resulting in lengthy and not always necessary calcula-
tion notes.

When the inspection and assessment of an existing struc-
ture reveals problems or weaknesses, the following questions
arise: to intervene or not? Preserve or replace? In fact, as
shown in Figure 7, the choice is much wider, from doing
nothing to demolishing and rebuilding. This choice must al-
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ways be balanced, trying to avoid any conflict of interest, and
above all must always be made based on plausible options
and well-defined projects. For instance, in some cases, want-
ing to preserve an existing structure at all costs, even when
the interventions become major, often with considerable risks
in terms of the lifespan of the intervention (unfortunately,
little is said about failed interventions, which leave a struc-
ture that has undergone major intervention still in poor con-
dition after only two or three decades), is neither economic
nor sustainable. On the contrary, when a structure of quali-
ty can be repaired using simple, effective, long-lasting, and
economical interventions, it is also not responsible to replace
the structure or to heavily intervene. Once again, the choices
are easier if one avoids prejudices and ideological approaches
(such as repairing is better than rebuilding because it is more
sustainable). If in doubt, it is best to compare two options
studied in detail, with a well-balanced comparison of costs,
risks, final quality, residual lifespan, environmental aspects,
duration of works, impact on users, and so on. The heritage
value, in terms of the quality of the structure itself or as a
historical witness, shall also be considered in this assessment
(the recent guideline by the Swiss Federal Road Administra-
tion [18] to account for these aspects in case of bridges and
other engineering works is a useful help).

When structural strengthening proves to be necessary,
the designer may be tempted to affirm the new intervention
with a strong and visible gesture, even when a less invasive
retrofitting would be possible. Designers should not fall into
that temptation. In an analogous and curious exercise, what
would people say if orthopaedists would make their work
visible? This is not to say that the intervention shall always be
hidden, but the designer should always ask himself the ques-
tion: does the intervention, in addition to restoring the nec-
essary level of safety, really make the structure better? Also,
from an architectural point of view? In the case of a positive
answer, strong character and visually invasive interventions

are possible, but they should always be designed with great
care, and must always allow the architectural quality of a fine
new structure to be achieved.

In the case of the bridge shown in Figure 8, for instance,
the need to retrofit against shear the deck of an arch bridge
designed by Christian Menn in the early 1960s led the engi-
neer commissioned to propose several reinforcement variants:
(1) vertical steel rods anchored in the deck slab and in steel
sleepers under the deck; (2) longitudinal steel girders under
the deck; (3) addition of intermediate piers to reduce spans;
(4) an under-spanned system applied under the deck and (5)
concreting large capitals under the deck in the area near the
piers. Each of these interventions would have had a consider-
able visual impact on a bridge of very high quality, designed
by one of the greatest bridge designers of his generation, and
which represents a fine example of the art of building in the
early 1960s. For this reason, the owner searched for a second
opinion and called for other less architecturally invasive solu-
tions to be proposed. It was against this backdrop that we
were able to propose and carry out a strengthening that was
very respectful from an architectural point of view. The new
shear reinforcement is made up of post-installed reinforcing
bars embedded in inclined boreholes. The anchor heads were
sealed with mortar, so that the strengthening work is barely
visible once completed. By using a new technique, developed
in collaboration with a specialized company, it was possible
to propose a method that respects the existing structure.

4.
ANALYSIS, DIMENSIONING, AND ASSESSMENT: NEW
VS. EXISTING STRUCTURES

In the example shown above, the quantity of post-installed
reinforcement could be greatly reduced by using detailed
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verification methods. This situation is well known and occurs
frequently. This means that the methods of analysis, dimen-
sioning and verification should be adapted to the engineer's
task. This is not necessarily specific to existing structures. For
new structures too, it is always reasonable to start with ap-
proaches and calculations that are as simple as possible, and
to refine them only when this is necessary or can lead to an
optimisation of the resulting project.

It is to account for this matter of fact that the so-called
levels of approximation (LoA) approach was introduced
in standards (we speak of levels of approximation, and not
levels of refinement, because we start from the idea that all
calculations by the engineer are always an approximation of
reality). The idea is very simple and actually corresponds to
what engineers with sufficient experience have always done:
they first start with a very simplified but sufficiently conserv-
ative calculation. If one realises that in any case the verifica-
tion is satisfied (for example because the failure mode under-
lying the verification is not governing), or if in any case the
economic impact of the conservative verification is limited,
one can stop the calculation after the first level of approxi-
mation (LoA I) and move on.

If, on the other hand, when dimensioning a new struc-
ture, the necessary dimensions (e.g., concrete thicknesses or
the required amount of reinforcement and/or prestressing)
are too important, then it may be reasonable to move to a
higher LoA. The same applies to the assessment of an exist-
ing structure: if low LoAs show that structural strengthening
is necessary, it is worthwhile to move to higher LoAs that
perhaps allow it to be demonstrated that a strengthening is
not necessary. Moreover, even if this is still indispensable, the
use of higher LoAs for sizing the strengthening can result in
considerable savings (Figure 9).

Despite the fact that this approach has been used by en-
gineers implicitly since time immemorial, it was first imple-
mented explicitly in a standard only some 20 years ago at
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national level [20], then adopted internationally in the fib
MC2010 [21] and more systematically in the fib MC2020
[8] and in the second generation of the European Standard
for concrete structures [9] (although not using explicitly the
term “Level of Approximation” in the latter).

For critical existing structures, the more refined and gen-
eral model will be used (higher levels of approximation),
whereas for the design of simple new structures, in the vast
majority of cases, the use of a simplified version of the model
is sufficient (low levels of approximation). In this context, a
misunderstanding must be avoided: the statement 'low levels
of approximation for new structures and higher levels of approx-
imation for existing structures' is incorrect. Even in the assess-
ment of existing structures, one will always start with the
lowest levels of approximation, either because perhaps such
a verification shows a sufficient level of safety (and then the
verification stops there), or because the level of knowledge of
the structure is too low, and then it is wiser to invest the time
in on-site investigations rather than perhaps unnecessary ver-
ifications. High levels of approximation are only justified in
existing structures when they allow avoiding expensive inter-
ventions or limit their cost [19]. On the other hand, high lev-
els of approximation may also be justified for new structures,
e.g., when they allow complex cases to be solved, very impor-
tant structures to be dimensioned, or for economy when the
number and repetitiveness of structural elements justifies it.

5.
ABOUT RESEARCH VS. PRACTICE AND RESEARCH VS.
DESIGN

It is a matter of fact that the gap between research and prac-
tice (and between research and education as well as between
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education and practice) has increased significantly in the last
decades. The reason seems to be evident: universities are
ranked mostly based on the quantification of their scientific
production, increasing the pressure over researchers to pub-
lish (publish or perish). In addition, in an increasing number
of universities, new professors are selected mostly based on
their (quantitative) scientific production or their potential to
succeed in the field, making young professors to be compre-
hensively more motivated to publish than to invest their time
in teaching or in professional and standardization activities.
This system means that the most important skills for a young
professor today are those of a science journalist (ability to
quickly produce good quality texts describing the results of

research) rather than those of a researcher capable of pro-
ducing new ideas. Furthermore, the generation of professors
which has been appointed with these criteria is more and
more involved in the selection process of new colleagues and
will tend to perpetuate the system.

In some universities, in an attempt to solve the problem
resulting from the lack of knowledge of some young col-
leagues on the practical realities, teaching is delegated to col-
leagues who are essentially active in practice, but not or very
little involved in research (professors of practice). This is a
false good solution: it presents an increased risk of further
segregation between teaching and research, which should, in
an ideal situation, be mutually enriching.
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Starting from the pessimistic reading in the previous par-
agraph, it is necessary to find ways out. Again, one must start
from the reading of the situation in order to be able to pro-
pose promising solutions. Publications of research results are
unfortunately seen as the most obvious outcome of research,
but in this respect, there is a flagrant confusion between ends
and means. One should publish to disseminate knowledge
and the result of research. Thus, publication is nothing more
than a means to an end, which is to increase knowledge and,
in our case, to improve our structures in terms of economy,
reliability, constructability and sustainability.

Another important issue concerns the interaction be-
tween design and research. On the one hand, design and
practice, as mentioned earlier, should influence structural
engineering research, especially with regard to research top-
ics. On the other hand, research also has an influence on the
projects, in terms of analysis, dimensioning, choice of mate-
rials and other essential points. This influence takes place in
structural engineering mainly through standards. In addition,
research can also contribute to new structural solutions or
the tools derived from research can help to find structural
forms that are more efficient and more in keeping with the
actual behaviour of the chosen material. This is for instance
the case of the project shown in Figure 10.

The architectural idea behind this project was to sus-
pend from a canopy covering an area of around 6000 m2 the
small houses that accommodate the writers in residence at
the foundation. This structure therefore forms the suspen-
sion points for the small houses, but also has the function of
creating a space that links them to the library, an exhibition
room, an auditorium, and the common services. For the can-
opy, the designers (architects and engineers) hesitated a great
deal between a grid of beams and a perforated slab: neither
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of these solutions could adequately meet the challenges of
the project. After lengthy discussions, the designers came up
with a new structure (neither a perforated slab nor a grid
of beams). The material (in this case concrete) is arranged
according to the trajectories that follow in a slab the appli-
cation of loads toward the supports formed by a forest of
tall, slender columns. This is the result of research carried
out by the structural designer since the 1980s into the actual
behaviour of slabs and the analogies with shells. In fact, in
slabs, it is possible to trace shear fields (the main direction
of the shear force) which represent in fact the path of the
loads to the supports. For simple cases (see the uniformly
loaded flat slab supported on nine points shown in Figure
10b), the shear field is fairly predictable (the loads converge
directly towards the supports). On the contrary, for slightly
more complex situations, the shear field describes intriguing
paths that may even seem counter-intuitive (see for example
Figure 10c with the same slab loaded by a single concentrat-
ed load near to the centre column). For the Jan Michalski
foundation canopy, we therefore calculated the shear field of
a solid slab (Figure 10d) and arranged the material of the new
structure along the paths followed by the loads. The result is
a structure that highlights the central position of the support
columns towards which the ribs converge (and which also
support the suspended houses), but which does not show a
grid that would be inconsistent with the architectural idea.

This is an interesting example where not only the shape,
but the structural system also can be generated to better
meet the architectural challenges from considerations how
the structure works. It is also a nice example where a creative
work is issued from research in structural engineering as well
as from intensive discussions between the architect and the
structural designer.
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6.

WHY ARE STANDARDS MORE AND MORE COMPLEX,
AND WHAT CAN WE DO TO AVOID THEM BEING
DIFFICULT TO USE?

“Standards are more and more complex, uneasy to use, and
lead to more and more uneconomic structures”: this is a statement
that we often hear and perhaps also share. Does it correspond
to reality? What is the reason? How do we get out of it?

It is a matter of fact that standards are becoming increas-
ingly complex and exhaustive. Figure 11 shows the evolu-
tion of the number of pages of the Swiss standard for con-
crete structures since its first edition in 1903. In comparison,
the number of pages of the same European standard is also
shown. It is interesting to note that when, in the 1930s, the
number of pages doubled (from 12 to 24), the famous engi-
neer Robert Maillart made the following comments [1]:

“Unfortunately, the provisions of the standards mislead en-
gineers or force them to apply them mechanically, particular-
ly when they are used during the training of engineers and
when they are imposed by control officers. A general relaxa-
tion of the rules, giving greater responsibility to the engineer,
would go a long way towards improving the quality of our
buildings. Simple design is also possible and sufficient. The
rational evaluation of its results leads to structures with an
identical and uniform level of safety compared to those de-
signed by the thoughtless application of building standards
considering all their details.”

What would Robert Maillart say today? Was he right? Before
answering these questions, it is also useful to understand the
reasons for these changes.

Let's start with the fact that current standards are often
more conservative (and potentially less economic) than those
of a few decades ago. Figure 12a shows the example of the
punching resistance of reinforced concrete slabs according to
Swiss standards, from 1956 until the latest edition in 2013.
Firstly, how did Swiss engineers do it before 1956, when the
1903 and 1935 standards did not even mention punching?
The answer is simple, the shape of the capitals over sup-
porting columns was defined in such a way as to limit shear
stresses around the column (the Maillard capitals shown in
Figures 12b and ¢ had a hyperbolic shape, for example, so as
to keep the shear stress constant regardless of the distance
from the column axis) while in foundation slabs, when it was
not possible to vary the thickness of the slab, bent up bars
were placed to effectively carry the shear forces. From the
1950s onwards, it was thought to simplify the construction
methods (flat floors and no more bent up bars): the prob-
lem of shear and punching in columns supported slabs was
thus created out of nothing and had to be dealt with in the
standards. For beam shear, Ritter and Mérsch had already
proposed models and solutions more than a century ago, but
for punching, the problem is more complex, so it was essen-
tial to calibrate empirical formulae or models (as it is today)
by means of laboratory tests. To limit the cost of punching
tests, it was decided to test only the part of the plate sub-
jected to hogging moments, and the thickness was limited to
avoid too large specimens and too high forces involved, thus
implicitly creating two problems: the membrane effect was
neglected (on the side of safety), and the size effect was not
accounted for (it is now known that it is not on the side of
safety at all). In addition, one wanted to test shear, not bend-
ing, so the tests of those years were conducted on elements
that were heavily reinforced in bending. It is interesting to
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note in figure 12a that all editions of the Swiss standard gave
practically the same punching resistance for thin slabs (this
is no coincidence, they were calibrated on the same slabs).
Furthermore, the first 1956 standard already had a kind of
size effect, but this was purely by chance. In fact, at that time,
it was based on the idea that the shear resistance depends on
the thickness of the plate h, and not on the effective depth d,
so that as the thickness increases, the h/d ratio decreases and
there is therefore a reduction in strength when normalising
it to the effective depth (this effect was further enhanced in
the Swiss standard of 1956 by considering the control pe-
rimeter at a distance h from the column edge). In the years
that followed, however, it was rightly decided to consider the
effective depth d for the calculation of resistance, but with-
out considering the size effect, simply because it was not yet
known for reinforced concrete structures, or because since
in the 1970s there have been doubts as to its relevance for
practical cases.

When it was finally realised that the size effect and the
reduction in resistance for poorly reinforced slabs should be
accounted for, there were two possibilities for the following
standards: either a very simple formulation is maintained by
calibrating it for thick lightly reinforced slabs (which would,
however, be overly conservative and give uneconomical solu-
tions for thin slabs or/and highly reinforced in bending), or
a necessarily more complex formulation is sought that can
account for the majority of cases found in practice. In most
cases, the latter solution has been chosen, or with some com-
promises, explaining the fact that in some cases, codes are
overly conservative.

Figure 12 highlights yet another problem: thick flat slabs
and footings built in Switzerland between 1968 and 2003,
and especially up to 1993, are potentially unsafe in relation
to today's knowledge. This means that for the assessment of
existing structures, it is useful to have more refined calcula-
tion methods than those used for the dimensioning of new
structures if one wants to avoid systematically carrying out
costly retrofitting’s. This explains the resurgence of research
into punching, and shear in general, over the last three dec-
ades or so (P. Regan, for example, asked the rhetorical ques-
tion “Research on shear: a benefit to humanity or a waste of
time?” to explain this in 1993 [23]). It was in this context, for
example, but also to account in a more rational manner for
the size effect and the influence on punching resistance of a
low level of flexural reinforcement, that the author of these
lines developed the Critical Shear Crack Theory from 1985
onwards [24, 25, 26], subsequently implemented in several
national [27] and international standards [21, 8, 9] (research
in this field was subsequently carried out even more inten-
sively, see [28] for an overview, after being confronted with
several tragic accidents, as it will be shown later, see Figure
13, [29, 30, 31]).

The same story about an increase in complexity and sup-
posed conservativeness could be told for other standards and
for other cases (shear of slabs without shear reinforcement,
shear of prestressed beams, anchorage length and laps of re-
inforcement bars, etc).

To return to Maillart's concerns, we should not forget
that he was writing in the 1930s, addressing engineers of
a small country, when civil engineers had a rather uniform
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and high level of training, when the problems to be solved
were simpler and more homogeneous, and when the level of
knowledge was certainly less developed. In addition, a funda-
mental difference compared to today is that, because of their
more limited knowledge and a society with fewer constraints,
engineers took on much more responsibility and relied more
on what we call “common sense” or “engineering judgement”.
Today, the situation has changed dramatically: taking respon-
sibility for deviations from a standard is less and less common
(also because the consequences of potential problems have
become more severe) and at the same time, some engineers
do not hesitate to go to the limit of what is allowed by a
standard, even when this does not make much sense (this is
rather justified by some level of unconsciousness related to
the lack of knowledge of the limitations of the current stand-
ards). This means that more and more limits and cases have
to be defined and treated in the standards.

While we can certainly feel a certain nostalgia for the
freedom engineers enjoyed at Maillart's time, we must bear
in mind that our standards are aimed at a multitude of us-
ers (it is estimated that half a million engineers will use the
Eurocodes in a near future) who operate in very different
situations.

When we began working on the 2nd generation of the
Eurocode for concrete structures (the author of these lines
chaired the working group that drafted the main part) [9],
one of the main aims was to improve the ease of use of the
standard, and in this context, we asked ourselves the follow-
ing question: should this standard be able to resolve 80-90%
of cases in a simple manner, or should it be able to resolve
a large proportion of the cases that engineers are faced with
today? The answer is not easy: in the first case, the use of
the standard would be easier for most cases, but would enor-
mously complicate the work of engineers, who would often
have to deal with situations not considered in the standard.
Finally, we have once again come to the conclusion that the
approach based on levels of approximation enables ordinary
cases to be solved simply, and more unusual cases to be solved
in a way that is inevitably more complex.

To be effectively effective, the Levels of Approximation
Approach (LoAA) needs proper implementation in stand-
ards. In fact, it is crucial that when an engineer moves from
one LoA to the following one, an important part of the cal-
culation can be kept unchanged. Ideally, it is necessary that
at each step, only certain parameters are refined. Therefore,
care must be taken in the derivation of the code provisions:
it is necessary to start with the general model at the highest
level, and then to simplify the equations at lower levels as we
go along, ensuring that certain parameters are not calculated
from the beginning, but chosen on the basis of different con-
siderations.

What are the disadvantages of this approach? Firstly,
freedom is given to the designer (the standard is therefore
less prescriptive, which can also be seen as an advantage by
some, and a disadvantage by others). For example, some col-
leagues fear that the client will always demand the highest
LoA, in the sense that this is often their interest when fees
are fixed (see figure 9d). On the other hand, this fear depends
on the type of contract the designer has and the importance
he wants and can give to common sense in these considera-
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tions. It is therefore essentially for this reason that the 2nd
generation of Eurocode 2 [9] does not explicitly mention the
concept of Levels of Approximation but is nevertheless for-
mulated to allow such an approach.

Another disadvantage of the method is that with the
LoAA, standards become longer (since there is a repletion of
provisions on the same content) and, at first sight, more com-
plex and more difficult to use. Nevertheless, this is only the
first impression, and the reality is exactly the opposite: the
LoAA is, once the method is understood, extremely effective
in reducing calculation time in the vast majority of cases and
allowing the study of cases that cannot be investigated with
too general or concise standards.

Another advantage of being able to carry out an initial
check in a simplified way relates to the reliability of our work
and the probability of making calculation errors. The latter is
a real concern, if we think, for example, of the increasingly

limited time available for analysis and verification. If we look
again at the Figure 2 and consider the trend over the last
few decades, we can only conclude that other activities, such
as coordination, meetings, communications, and the drafting
of documents that are not always essential, are taking up
more and more time. Deadlines are also getting shorter and
shorter, and the likelihood of misunderstandings is increasing
due to the increasingly complex way in which projects are
organised. In addition, experienced engineers have less and
less time to devote to the supervision and accompaniment of
their younger colleagues, who in turn are increasingly using
complex and sophisticated tools that are not always transpar-
ent or fully mastered, so the likelihood of error increases. In
this context, we should not forget that, if it is true that a seri-
ous problem on site or the collapse of a structure is often the
result of the accumulation of several errors, it is also true that
calculation errors often represent a significant proportion of
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the causes of a collapse (Figure 13).

For all these reasons, refined methods are needed to solve
today's problems, for example in the efficient assessment of
existing structures, but at the same time, having simple and
easily understandable tools is essential to limit risks and save
time that can be devoted preferably to quality design.

7.
CONCLUSION

Based on the author's experience and observing the evolu-
tion of the profession over the past decades, today's situa-
tion has several unsatisfactory aspects. In this context, the
strong commitment of schools and professional organisations
is necessary to make structural engineering more attractive to
the younger generation, but not sufficient. A great deal also
depends on the examples we set and pass on to the younger
generation, and this depends essentially on the activity and
attitude of every one of us.

The main thesis of this contribution is that the intellec-
tual and creative component of structural engineering should
be more emphasized and gain more attention.
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