
19

Movers and Shakers / JULY 2021Janusz Rębielak 

An architect with broad scientific, professional and general interests, Dr Janusz Rębielak 
is a world-renowned expert in the application of symmetry rules and the principle  

of superposition in the shaping of space structure design.

Janusz was born in 1955 and grew up  
in a small town in Lower Silesia, in the 
southwest of present-day Poland.  
His parents were part of the large 
community that moved to the area from  
the central part of the previous state of 
Poland. Janusz spent all his childhood 
summer holidays at the forester’s lodge  
of his grandfather, a Polish cavalryman who 
had distinguished himself in 1920 during  
the war between Poland and Soviet Russia. 
After 1945, the Yalta division of Europe and 
the Soviet regime in Warsaw meant that 
families such as Janusz’s experienced 
political repression and even imprisonment. 

As a high school student, Janusz dreamed  
of becoming a pilot. Health reasons 
prevented him from fulfilling this dream, but 
his fascination with aviation and astronautics 
prompted him to consider becoming an 
aircraft design engineer. While at school  
he was a member of an amateur aircraft 
construction club, and constructed his  
own hang glider and gyro-glider. 

During his youth Janusz read a lot of books 
about science, and was particularly 
fascinated by one on the scientific works  
of a young Isaac Newton, which had a 
significant impact on Janusz’s later life 
choices. Janusz enjoyed art and history  
as well as physics, astronomy and 
mathematics. He was also talented at 
free-hand drawing (Fig. 1), and this led  
him to study architecture.

JA N U S Z  R Ę B I E L A K 

Janusz studied for his degree in the  
Faculty of Architecture at Wroclaw 
University of Technology from 1974-79, and 
then undertook a PhD in dome structure at 
the same institution under the supervision  
of Professor Tadeusz Kolendowicz. 

After his PhD, Janusz progressed up the 
academic ranks within the Faculty of 
Architecture at Wroclaw. He was Professor 
there until 2007 and also later head of the 
Division of Structures and Building 
Engineering. Janusz then became 

Fig. 1 Examples of Janusz’s drawings (copyright Janusz Rębielak)

Professor at the Faculty of Architecture  
of the Cracow University of Technology in 
2008 and more recently head of Chair of 
Structures and Construction Engineering in 
the Institute of Building Design. He retired  
in October 2020. 

When asked about his favourite spatial 
structures, Janusz names the geodesic 
domes initiated by Walther Bauersfeld and 
Richard Buckminster Fuller; the structural 
system of Paraboleum (now known as the 
J.S. Dorton Arena) in North Carolina, USA 
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designed by Maciej Nowicki; the National 
Gymnasium No. 1 (Fig. 2a) and National 
Gymnasium No. 2 (Fig. 2b) designed by 
Kenzo Tange, Yoshikatsu Tsuboi and 
Mamoru Kawaguchi for the Olympic Games 
in Tokyo, Japan in 1964; the Pompidou 
Centre in Paris, France (Fig. 3) designed by 
Renzo Piano, Richard Rogers and Peter 
Rice; and the Supersam building designed 
by Waclaw Zalewski in Warsaw, Poland.

Janusz married his wife Malgorzata in 1980. 
They have three children: a daughter, 
Jagienka, who lives and works in UK, and 
two sons, Maciej and Jan, who live, work 
and study in Poland.

Fig. 2 The National Gymnasium in Tokyo, Japan 
(copyright Alireza Behnejad): (a) No. 1; (b) No. 2

Fig. 4 Example of a single-layer geodesic dome 
structure (copyright Janusz Rębielak)

Fig. 3 The Pompidou Centre in Paris, France 
(copyright Alireza Behnejad)

(a)

(b)

Janusz has broad and interdisciplinary 
interests which have shaped his research. 
His research focuses on numerical 
methods of shaping in the design of 
lightweight space structures such as large 
span roofs, as well as tall buildings and 
foundation structures. He is also interested 
in calculations of statically indeterminate 
structures. As a hobby, Janusz likes to 
explore aeronautic structural systems.  
The main focus of his research is the 
application of basic symmetry rules  
and the principle of superposition in the 
design processes of different types of 
space structures.

As an architecture student at the Wroclaw 
University of Technology Janusz first 
became interested in the mathematic  
and geometric issues of shaping spatial 
structures, including the design of 

C O N T R I B U T I O N S  TO  R E S E A R C H

geodesic domes (Fig. 4). For one course 
project, he solved one of the 
constructional and geometrical problems 
relating to the divisions of the spherical 
surface. This later enabled the design  
of very regular triangular spherical grids  
for the needs of geodesic domes.  

While still a student, Janusz published his 
first research paper. Thanks to the support 
of Professor Tadeusz Kolendowicz, Janusz 
undertook his PhD on ‘Shaping of shell 
forms by application of modular units’ under 
his supervision, completing it in 1982.

Janusz was inspired to work on the 
secondary grid deformation method  
which enables the shaping of very regular 
triangular spherical grids from images of 
crystal lattice deformation caused by the 
inter-node atom (Fig. 5a), and the crystal 
vacancy in the metal (Fig. 5b) [2]. 

The essence of this method is the 
appropriate deformation, according to  
the properties of the central projection,  
of a flat triangular grid on the face of a 
selected regular polyhedron, which is then 
projected onto a concentric sphere 
circumscribed on this polyhedron (Fig. 6). 
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A detailed description of the procedure is 
given in Janusz’s paper on the subject [3], 
and an example of the measurement 
dimensions obtained as a result of its 
application on the basis of an icosahedron 
for the subdivision degree of the sides  
of an equilateral spherical triangle n = 5  
is shown in Fig. 7.

During this work, Janusz studied the 
morphological aspects of a structural 
system of cable domes by David Geiger, 
which was very modern at the time.  
He had an idea of how to design a similar 
system based on a spherical form of this 
structure, but postponed this idea until he 
was able to use an efficient computer-
aided design tool since, three decades 
ago, the process of preparing a series  
of technical drawings would have taken 
several weeks. 

Fig. 5 Patterns of crystal lattice deformation brought about by (copyright Janusz Rębielak):  
(a) the inter-node atom; (b) a crystal vacancy in the metal

Fig. 6 Successive stages of the 
determination procedure of the 
deformed triangular grid onto 
the flat face of the icosahedron 
in the method of secondary grid 
deformation (copyright Janusz 
Rębielak)

Fig. 7 Dimension relations of the 
1/20th part of the 500-hedron 
obtained for degree of 
subdivision n = 5 over the 
triangular face of the icosahedron 
in the method of secondary grid 
deformation by application of the 
central projection (copyright 
Janusz Rębielak)

(a) (b)

C O N T R I B U T I O N S  
TO  R E S E A R C H  C O N T.
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Thanks to a collaboration of over 25 years 
with the Spatial Structures Research 
Centre at the University of Surrey, 
established by Professor Zygmunt 
Makowski, Janusz had the opportunity to 
learn the principles of formex algebra and 
the Formian programming language which 
was invented by Professor Hoshyar 
Nooshin at Surrey and developed by his 
team (Fig. 8) [4].

The ability to use various functions of 
Formian has enormously enriched and 
accelerated Janusz’s research and 
professional activity, which is clearly 
demonstrated in his book, Shaping of 
Space Structures (Fig. 9) [5]. Janusz has 
cooperated with Professor Hoshyar 
Nooshin on many occasions in different 
locations around the world, (Fig. 10).

Fig. 10. Janusz Rębielak with Professor Hoshyar Nooshin (copyright Janusz Rębielak. Photos: Alireza Behnejad): (a) At the University of Tehran, Iran in 
2009; (b) At the Spatial Structures Research Centre of the University of Surrey, UK in 2018

Fig. 9. Cover of Janusz’ book, which is devoted 
to applications of Formian in processes of 
shaping of various types of space structures 
(copyright Janusz Rębielak)

Fig. 8. Prof. Zygmunt Stanisław Makowski (left) 
and Prof. Hoshyar Nooshin (right), Guildford, 
2002 (copyright Janusz Rębielak)

(a) (b)

C O N T R I B U T I O N S  
TO  R E S E A R C H  C O N T.

https://www.dbc.wroc.pl/dlibra/doccontent?id=1026&from=FBC
https://www.dbc.wroc.pl/dlibra/doccontent?id=1026&from=FBC
https://www.dbc.wroc.pl/dlibra/doccontent?id=1026&from=FBC
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Fig. 11 The construction of a small geodesic dome structure: (a) Janusz with his students during  
the assembly process of the structure (copyright Janusz Rębielak. Photo: Malwina Witkowska);  
(b) Janusz together with Iwona Fabrowicz, Marta Marszał, Agata Pilip, Gaweł Tyrała, Malwina 
Witkowska and Bartłomiej Zięba, members of the Students’ Structural Research Club at Wroclaw 
University of Technology, who built the geodesic dome structure (copyright Janusz Rębielak.  
Photo: Sławomir Bardziński)

Fig. 13 After the award ceremony for the best pavilion at the Lower Silesian Educational Fair. From 
the right: Artur Iwański, Magdalena Górska, Łukasz Wróblewski, Justyna Łaszczyńska, Maciej Roth 
and two other visitors (copyright Iwona Kusznierów)

Fig. 12 Janusz together with Kacper Ogorzelec, 
Tomasz Lepszy, Kasia Płońska, Marta Hutnik, 
Kasia Kubsik, Michał Wicher and Grzegorz 
Oleniecki, another group of students who were 
members of the Students’ Structural Research 
Club at the Wroclaw University of Technology 
(copyright Janusz Rębielak. Photo: Artur Iwański)

(a) (b)

During his academic teaching within  
the faculties of architecture at technical 
universities, Janusz has lectured on two 
main subjects: ‘Theory of Structures’ and 
‘Modern Structural Systems in Architecture’. 
In his lectures, he has shared his 
knowledge and skills in the field of shaping 
spatial structures and the application  
of Formian programming language.

Janusz has also acted as tutor of student 
research clubs, including the Students’ 
Structural Research Club at Wroclaw 
University of Technology. Work by members 
of this research club has included a small 
geodesic dome structure in 2004 (Fig. 11), 
and a vertical installation of a tensegrity 
structure, together with an entire exhibition 
stand (Fig. 12) which was awarded best 
pavilion (Fig. 13) at the Lower Silesian 
Educational Fair organised in Spring 2006.

C O N T R I B U T I O N S  
TO  T E AC H I N G
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Fig. 14 The tensegrity structure, located in the main campus of Cracow University of Technology:  
(a): Completion (copyright Janusz Rębielak); (b) Janusz together with Michał Szczepanik, Michał 
Dziedzic, Dawid Zając, Bartłomiej Dzieża and Jakub Pagacz members of the BIM Student Scientific 
Club - Numerical Design of Architectural Structures at the Cracow University of Technology  
(along with another student, Barbara Fatyga) who together built the tensegrity structure in 2016 
(copyright Janusz Rębielak. Photo: Wojciech Kopka)

Fig. 15 Janusz during his time at the Kawaguchi Lab in Japan (copyright Janusz Rębielak):  
(a) Janusz with Prof. Ken’ichi Kawaguchi and his research team on the building site of the Tensegrity 
Dome in Chiba, Japan in April 2001; b) Janusz with Prof. Mamoru Kawaguchi inside the National 
Gymnasium No.1 in Tokyo, Japan in April 2001

(a)

(a)

(b)

(b)

While a Professor at Cracow University  
of Technology, Janusz was also a tutor of 
the BIM Student Scientific Club - Numerical 
Design of Architectural Structures in the 
Faculty of Architecture’s Institute of Building 
Design. Students belonging to this club 
learned the Formian programming 
language and got acquainted with modern 
types of structural systems used in 
contemporary architecture. One group  
of students undertook the construction  
of a tensegrity structural installation (Fig. 14), 
under Janusz’ supervision, for a conference 
of the University’s scientific clubs in 2016.

Throughout his career, Janusz has 
participated in numerous national and 
international scientific events, and been  
a member of numerous scientific and 
organising committees for conferences. 

He is a member of the International 
Advisory Board of the SIS-Symmetry 
(International Society for the 
Interdisciplinary Study of Symmetry), the 
IASS (International Association for Shell 
and Spatial Structures), and other 
international scientific societies. Since 
October 2006 he has been chairman of 
the Committee for Architecture and Town 
Planning of the Wroclaw Branch of the PAN 
(Polish Academy of Sciences). He has also 
been a member of the Committee for 
Architecture and Town Planning of the  
PAN in Warsaw from 2003-2006, 2016-
2019 and, currently, from 2020-2023.  
He is a member of the Editorial Board  
of the IJCM (International Journal of 
Computational Methods) among other 
bodies. He was also a research supervisor 
of scientific and professional heritage for 
Professor Stefan Du Chateau in the 
Krystyna and Stefan Du Chateau 
Foundation of the French-Polish 
Friendship, located in Hrubieszów, Poland. 
More detailed information is available  
on Janusz’s personal website.

C O N T R I B U T I O N S  
TO  T E AC H I N G  C O N T.

Besides his teaching and research 
activities in Poland, Janusz has also been 
active abroad. For the academic year 
1984-85 he worked as a research fellow  
at the Department of Architecture’s Division  
of Building Structures at Delft University  
of Technology, Netherlands with Professor 
W. J. Beranek and G. J. Hobbelman. 

In 2001-02, as a result of a fellowship 
awarded to Janusz by the Japan Society 

for the Promotion of Science, he was  
a visiting research fellow within the 
Kawaguchi Lab (Shell and Spatial Structures 
Laboratory) led by Professor Ken’ichi 
Kawaguchi within the Institute of Industrial 
Science at the University of Tokyo, Japan 
(Fig. 15). Read our article about Professor 
Ken’ichi Kawaguchi in the January Issue  
of Movers & Shakers.

http://januszrebielak.pl/
https://openresearch.surrey.ac.uk/esploro/outputs/journalIssue/Spatial-Structures-Movers-and-Shakers-Volume-2-Issue-1/99531523802346
https://openresearch.surrey.ac.uk/esploro/outputs/journalIssue/Spatial-Structures-Movers-and-Shakers-Volume-2-Issue-1/99531523802346
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In the Kawaguchi Laboratory, Janusz 
participated in many research events as 
well as in seminars and conferences held  
in other Japanese cities. This research  
visit was very fruitful, and its results 
significantly enriched Janusz’s perception 
of the mathematical and morphological 
requirements during the design process  
of very complex spatial structures.  
His cooperation with Prof. Ken’ichi 
Kawaguchi has had an enormously  
positive impact on his academic work  
and forthcoming research regarding the 
shaping of various types of the tension-
strut systems.

C O N T R I B U T I O N S  
TO  T E AC H I N G  C O N T.

In December 2020, Movers & Shakers  
had the chance to conduct a video 
interview with Janusz about – among other 
topics – his experience of previous IASS 
conferences and how he believes we can 
inspire the next generation of engineers 
and architects in the field of spatial 
structures. See the full video interview.

How has the lockdown period been  
for you in Poland?

Like everywhere else, the pandemic  
took us by surprise, and it dramatically 
changed our lives. The adjustment to 
remote work has been a big challenge  
for teachers as well as students, with 
remote teaching requiring much more 
preparation of the necessary didactic 
materials. We all – students and teachers 
– are looking forward to the usual way of 
studying, researching, and participating  
in academic events such as conferences 
and congresses. 

I N T E R V I E W

You’ve made contributions to several  
of the previous IASS conferences, 
including in the 1993, 2002 and 2011 
events held at the University of Surrey. 
Can you share any special memories  
of these conferences?

It was always exciting for me to attend 
these events because it gave me the 
opportunity to meet, in person, experts  
in all areas of spatial structures from all 
over the world. The most impressive to  
me was the fourth conference, in 1993, 
because it was the first large, important 
scientific conference in which I’d 
participated. I was a member of its 
international organising committee,  
and I presented some applications of 
space frames in the support structures  
of roof covers and tall buildings. 

A key theme of the 2021 conference  
is ‘inspiring the next generation’.  
What advice would you offer to aspiring 
architects and engineers wanting to  
enter the field of spatial structures?

In general, my advice is very simple:  
you should constantly study the previous 
and present state of knowledge in this 
field. Apart from using the sophisticated 
computer software and numerical 
techniques you should always verify your 
assumptions on the analysis of even very 
simple physical models. Please do not 
strive after the unique expression of 
extraordinary, spectacular architectural 
forms of buildings whatever the cost. 
Equally interesting aesthetic efforts can  
be obtained by a rational way of thinking 
coming from observation of nature and,  
of course, by the application of simple 
rules of the theory of structures.

As someone who has a background  
in architecture with research interests  
in engineering, how have you found the 
interplay between these two disciplines 
and what inspired you to get involved  
in an interdisciplinary field?

Architects and engineers both play a 
significant role, and the success of a 
project is dependent on the cooperation 

between them and their mutual 
understanding, respect, and support for 
each other. They’re equally important  
at each stage of the design process.  
We should strive to get the most effective 
solutions, mainly in terms of material and 
energy consumption, because we’re also 
responsible for protecting our planet’s 
resources for future generations.

YO U R  S PAC E ,  
YO U R  S T R U C T U R E

We asked Janusz to make a presentation 
on aspects of spatial structures that are 
particularly meaningful for him. In his 
fascinating talk on ‘Symmetry in design 
and analysis of spatial structures’ he 
described how basic rules of symmetry, 
together with application of the principle  
of superposition, have always been 
present during his design processes in the 
shaping and analyses of spatial structures. 

Janusz began by talking about his early 
experiments with spherical forms in space 
frames, and explained that the advent of 
computer aided design, and his 
collaboration with the Spatial Structures 
Research Centre at the University of Surrey, 
later enriched and accelerated this work. 

He showed the spherical form of a 
tension-strut structure called VA (TH) No2 
(Fig. 16), which is one of a group of similar 
structures he has developed using the 
tetrahedral modules and the spherical form 
of the crystal space structure as a support 
structure for the dome. This has an 
interesting exterior architectonic view and, 
at the same time, benefits from the day 
lighting of its inner space, see Fig. 17.

https://www.youtube.com/watch?app=desktop&v=Rxtf5wHXkTA
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Due to his efficiency in using Formian, 
Janusz is able to very easily present 
graphic visualisations and numerical 
models of many of his innovative solutions 
proposed for lightweight bearing 
structures of very large spans. One of  
them is the crystal tension-strut structure, 
the general diagram of which is shown  
in Fig. 18, which can cover a span of  
300 meters with a rise of 18.5 meters.

Another type of structure that Janusz has 
been working with is the tetrahedron  
(see Fig. 19 as an example).

YO U R  S PAC E ,  
YO U R  S T R U C T U R E  C O N T.

Fig. 16 General schemes of the inner build of 
the tension-strut system VA(TH)No2 designed 
as a geodesic dome structure (copyright  
Janusz Rębielak)

Fig. 18 General view of a basic form of the 
crystal tension-strut structure (copyright  
Janusz Rębielak)

Fig. 20 Analytical schemes of the system  
of the composite foundation (copyright  
Janusz Rębielak)

Fig. 19 Example of a structural system consisting 
of single spatial hoops shaped by means of 
alternately located tetrahedron modules 
(copyright Janusz Rębielak): (a) scheme of the 
main vertical cross-section of a dome structure; 
(b) general view of an exemplary form of a 
dome structure designed by means of the 
VL-TensZ1dO tension structure 

Fig. 17 A special type of the spherical form of 
the crystal spatial structure (copyright Janusz 
Rębielak): (a) Side view; (b) Bird’s-eye view

(a)
(a)

(b)

(b)

Janusz also presented the design of two 
types of foundation structures where he 
has successfully applied the basic rules  
of symmetry and the principle of 
superposition. The structural concept of 
the final shape of the system of composite 
foundation is presented in Fig. 20.

The proposed simple system of composite 
foundation as itself has inherent features 
of damping the energy of the vibrations 
caused, for example, by earthquake.  
These abilities can be significantly 
enhanced by a suitable arrangement of 
computer controlled hydraulic dampers  
as integral parts of the intermediate system. 

This structural system of composite 
foundation can be applied as a base  
for various shapes of mega structures. 
Janusz also proposed this system of 
foundation as a structural base in the 
conceptual design of a mega-structure 
called the GeoDome Sky Towers (Fig. 21), 
developed for an international 
architectonic competition (eVolo2012 
Skyscraper Competition). 
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The towers are around 380m high, the 
support base is a square, with edge length 
of around 250m and the geodesic sphere 
has a diameter of 100m.

YO U R  S PAC E ,  
YO U R  S T R U C T U R E  C O N T.

Fig. 23 General analytic scheme of the space 
and structural system of the Ocean Agave 
(copyright Janusz Rębielak and Wojciech Kocki)

Fig. 22 Bird’s-eye view of the Ocean Agave 
(copyright Janusz Rębielak and Wojciech Kocki)

Fig. 24 Visualisations of numerical models  
of the structural concept of an aeroplane  
with rotated fuselage – selected configuration 
stages (copyright Janusz Rębielak)

Fig. 21 The GeoDome Sky Towers Complex 
(copyright Janusz Rębielak and Maciej Smoliński): 
(a) Bird’s-eye view; (b) Perspective view

(a)

(b)

Janusz again proposed the system  
of composite foundation as the base 
structure of an artificial island in the 
conceptual design entitled ‘Ocean Agave’ 
(Fig. 22 and Fig. 23), for another 
architectonic competition (eVolo2015 
Skyscraper Competition). This was 
designed as a floating structure in a 
subtropical ocean a long way from land:  
an independent unit that is self-sufficient  
in terms of energy and food supply and 
able to house around 150 people.  
The circular platform of the Ocean Agave 
has a diameter of slightly more than 400m. 
These huge waterproof boxes have 
substantial buoyancy, and are therefore 
suitable as component parts of an artificial 
island which can float on a lake or at sea.

A fascination with challenges in aviation 
and astronautics has been a permanent 
feature of Janusz’s life. As a participant  
in special scientific conferences [6] he  
was encouraged to present a structural 
concept of an aeroplane – a task which  
he initially tackled during his youth  
(Fig. 24). The main purpose of the 
proposed structure was to achieve a large 
range of flight speeds, and particularly a 
high cruising speed, by a plane equipped 
with propulsion of relatively low power.  
As the drawings show, only the nose of the 
aeroplane is really subjected to rotation.

Janusz is still active in working out the 
innovative structural configurations of 
vertical take-off and landing aircrafts, using 
Formian to prepare their numerical models.
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‘Spatial Structures; Movers and Shakers’ Interview - with Janusz Rębielak

Janusz’s personal website
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Janusz Rębielak
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http://januszrebielak.pl/



