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Due to the possibility of 3D modeling, RFEM and RSTAB are ideal for the design 
of cranes. The detailed analysis is supported with features such as consideration 
of member and release nonlinearities, cable pulleys, and more.
The stand-alone program CRANEWAY designs runway girders of bridge and 
suspension cranes according to EN 1993-6, including all required designs.
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Reinforced Concrete Design
RFEM and RSTAB provide the optimal way to calculate and design structures consisting 
of reinforced concrete. Depending on the structures designed - pure beam structures 
(RSTAB) or structures with plates, walls or shells (RFEM) - you can choose from a wide 
range of programs by Dlubal Software. In RFEM, it is also possible to perform structural 
analysis and design of structures consisting of prestressed concrete.
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Mechanical Engineering
Many users of Dlubal Software programs perform engineering calculations in the 
structural analysis programs RFEM and RSTAB. The RFEM program analyzes very 
complex structures consisting of numerous surfaces and solids.
RFEM is frequently used to analyze details and connections of a structure. In RSTAB, 
it is possible to design beam and frame structures in an easy and time-efficient way.
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Steel Structures
The structural engineering programs RFEM and RSTAB, together with the add-on 
modules for steel structures, are the optimal solution for the analysis of steel 
structures such as buildings, halls, scaffolding, bridges, silos, cranes, craneways, 
towers, conservatories, and many others.
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Industrial and Plant Engineering
The structural engineering programs RFEM and RSTAB are ideal for structural design 
and analysis of industrial constructions such as chemical plants, production halls, 
containers, pipeline systems, large filters, and more.
RSTAB allows for the design of member structures and RFEM for additional plate, 
wall, shell, and solid elements.
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Timber Structures
The structural engineering programs RSTAB and RFEM are ideal for designing 
and analyzing 3D timber structures. Whether you design beam structures 
or surface elements such as cross-laminated timber plates, there are various 
options for simple and complex structures.
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Bridge Construction
Many users rely on RFEM and RSTAB when analyzing and designing bridges 
consisting of steel, reinforced concrete, timber, or other materials.
By using the helpful add-on modules, it is possible to generate influence lines, 
moving loads on members and surfaces, and more. Dynamic analysis is also 
possible as well as required designs of stability, buckling, and fatigue.

Designed with Dlubal Software
Customer Projects from Various Industries



Glass Structures

Hydraulic Steel Engineering

In RFEM, it is possible to design and analyze glass structures separately or 
as a part of the entire model. The extensive material library contains a large 
number of commercially available glass types, foils and gases. Glass surfaces 
defined in RFEM can be supported on lines and nodes and even modeled as 
special solids. The results include surface and solid stresses, among other things.

RFEM allows for design and analysis of very complex structures containing many 
surfaces and solids. Therefore, it is perfectly suited for static and dynamic analysis 
of hydraulic steelworks like sluices, locks and lock chambers, water gates such 
as roller, sliding and sector gates, weir flaps, drum gates, flood protection gates, 
ship lifts, canal bridges, and many others.
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Towers and Masts
RFEM and RSTAB allows for continuous planning of lattice towers. 
The corresponding add-on modules provide a wide range of options, 
from automatic generation of structures and loading to the determination 
of effective lengths and design according to Eurocode. It is also possible 
to model and analyze individual tower and mast structures.
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Laminate and Sandwich Structures
In RFEM, it is possible to perform stress and deflection analysis of laminate 
and sandwich surfaces. The calculation considers shear coupling and is carried 
out in compliance with the laminate theory. 
It can be applied to the design of cross-laminated timber elements, 
fiber-reinforced plastics (for example GFRP, carbon) and many others.

74

Power Plants
The structural engineering programs RFEM and RSTAB are ideal 
for structural analysis of power plants. It is possible to combine 
different materials in the analytical model.
In addition to ultimate limit state design and stability analysis, 
the programs also perform dynamic analysis.
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Temporary Structures
The RFEM and RSTAB programs represent an ideal tool for analysis and design of 
temporary structures. Temporary structures are technical facilities built for a certain 
time period and then dismantled. These facilities, and especially fairground rides, 
are subjected to special legal test specifications, as they must satisfy certain 
structural and constructional requirements ensuring their safe operation.

Dlubal Software GmbH    Structural Analysis and Design Software

Aluminum Structures
For design of aluminum structures, RFEM and RSTAB provide a large amount 
of cross-sections such as I-and T-sections, channel sections, rectangular hollow 
sections, square tubes, circular tubes, flat steel, and more. The design is carried 
out according to Eurocode 9 including numerous National Annexes. It does not 
matter whether the model is made entirely of aluminum or just partially.
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Scaffolding and Rack Structures
In RFEM and RSTAB, the design of scaffolding and racks considers various 
member and release nonlinearities such as yielding, tearing, slippage, etc. 
In addition, it is possible to define special scaffolding supports in RFEM.

Offshore Structures
The design of offshore structures such as drilling platforms, wind power 
plants, research platforms, etc., applies many features of RFEM and RSTAB. 
These features include the design of structures consisting of several materials, 
dynamic analysis, stability and buckling analysis, fatigue designs, generation 
of loads due to rotation (RFEM), and many others.

Silos and Storage Tanks
RFEM in particular is suited for the design of silos and storage tanks. 
The useful features facilitate the analysis. Among other things, these 
features include application of loads varying along a perimeter and in 
the Z-direction, seismic analysis, shell buckling design, and many others.

Renewable Energy Structures
For structural analysis and design of renewable energy structures (solar power plants, 
photovoltaic plants, wind power plants, hydroelectric power plants, biogas plants, etc.), 
many Dlubal Software customers rely on RFEM and RSTAB. There are many useful features 
in RFEM and RSTAB for the design of solar plants: automatic load generation, creation 
of special profile cross-sections, connection to the COM interface, generation of load 
combinations to consider different inclination angles of solar cells, and many others.
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Shipbuilding
The structural engineering programs RFEM and RSTAB are suited very well 
for structural analysis of ships. It is also possible to consider nonlinearities 
such as cables and to perform dynamic, stability, and buckling analyses.
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For conveyor structures, RFEM and RSTAB provide various elements such as cables, 
pulleys, friction supports, and more. In addition, it is possible to model structural 
components such as surfaces and solids in RFEM in order to perform detail analysis.
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Drilling Structures
For drilling structures, RFEM and RSTAB provide several useful features 
such as dynamic analysis, stability and buckling analysis, fatigue design, 
generation of load combinations to consider different operating 
conditions, and many others.

Dlubal Software GmbH    Structural Analysis and Design Software
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Mosque during transport phase

Manufacturing of floor slab and tracks 
(Photos: Techniek en Methode)

Transport of a Mosque 
in Jeddah, Saudi Arabia

In Jeddah, Saudi Arabia, a 2400-ton 
mosque has been moved in its entire-
ty over a distance of 120 meters. 
This was the first time in Saudi 
Arabia that an entire building was 
to be moved to a different location.

The operation was meticulously en-
gineered and realized by two Dlubal 
customers. Techniek en Methode B.V. 
Netherlands was in charge of the 
structural analysis of the floor slabs 
and the tracks which supported the 
whole building dur ing the transport 
phase. Mammoet lifted the mosque, 
moved it in its entirety over a dis-
tance of 120 meters to its new 
location and set it down again in 
less than 48 hours.

Rescue of the Mosque 
from Demolition

The original instructions were to 
demolish the beautifully designed 
mosque and build an identical 
mosque at a new location. At its 
original location, the mosque was 
blocking the new construction and 
extension of a hospital. 

This process of rebuilding would 
have taken about ten months. The 
operation took only three months in-
cluding preparations and reworking. 

Client 
Saudi Arabia National Gard 
(SANG)
Contractor 
Nesma Trading Co. Ltd 
www.nesma-trading.com
Subcontractor 
Mammoet Middle East 
www.mammoet.com
Structural planning 
Techniek en Methode B.V.  
www.tenm.nu
Software 
Dlubal Software GmbH 
www.dlubal.com

The client thus not only kept the area 
clean and peaceful but also saved 
seven months of construction time. 

The operation was executed without 
incidents. After just a short time, the 
visitors of the mosque could continue 
their prayers. 

An animated video of transporting 
the building on skid is available 
here: https://www.youtube.com/
watch?v=gq37tH7hLZs

Analytical models in RFEM of the floor 
slab d=40 cm for different transport 
phases (Screenshot: Dlubal)

Designed with Dlubal Software
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Civil and structural design 
MGM Konstrukcje Inżynierskie s.c. 
www.mgm-ki.pl
Software 
Dlubal Software Sp. z o.o 
www.dlubal.pl

residential part and 80 cm in the 
courtyard (with local thickening in 
the column areas and passageways). 
The exterior garage walls are rein-
forced concrete with a thickness of 
25 cm.

The underground floor located 
at the garage level is designed 
entirely as a monolithic slab with 
a slab-column system, with deep 
beams used as columns.

Reinforced concrete walls were intro-
duced at the entrance area of the 
garages and work as stiffeners in the 
vehicle traffic area – staircases and 
lift cores, as well as separating the 
technical facilities.

The internal reinforced concrete walls 
are generally 25 cm thick, no less 
than 20 cm. The thicknesses of the 
lift core walls is 15 cm. 

The aboveground floors are designed 
as a combined slab-wall system. At 
the ground floor, the system is com-
plemented with columns. All floor 
slabs are designed as monolithic rein-
forced concrete slabs. 

At the ground floor level there are 
slabs designed with a thickness of 

22 cm in the commerial part and  
30 cm over the parts of the garage  
which extend beyond the outer walls  
of the aboveground structure. 
The floor slabs are 22 cm thick 
and are designed as continuous, 
cross-reinforced slabs. 

The structural system for the residen-
tial part is a slab-wall system. 

Where it was possible, the load-bear-
ing walls on the last

5 floors of every segment are 
designed as masonry walls from 
silicate blocks. 

Individual dwellings are separated by 
non-load-bearing masonry walls from 
silicate blocks. The balcony and log-
gia slabs on residential floors are 18 
cm thick.

The stairway walls are made of rein-
forced concrete with a thickness of 
20 to 25 cm. 

The flights of stairs which run 
throught all floors are designed as 
two flights with 18 cm thickness for 
the landings and stairs. 

Each segment of the structure is rigid 
because of the combination of the 
reinforced concrete walls that sepa-
rate dwellings and the reinforced 
concrete walls of the vehicle traffic 
areas of the parking garage.

Model of the building 
(Pictures: MGM Konstrukcje Inżynierskie)

Multi-Storey 
Residential Buildings 
with Commercial Units 
and an Underground 
Parking Garage 
in Krakow, Poland

These designed multi-storey residen-
tial buildings with commercial units 
on the ground floor and a one-storey 
underground parking garage are 
located in Krakow, Poland. 

The four buildings are connected by 
expansion joints in the aboveground 
part, but have a common founda-
tion plate. The three higher segments 
(two on the outer sides and one in 
the middle), with a height of 51.08 m, 
consist of 16 aboveground floors. 
The fourth segment has a height of 
25.8 m and has 8 storeys. All seg-
ments have a common underground 
level extending beyond the outline 
of the aboveground structure. 
Maisonettes are designed for the last 
16 floors in each of the higher seg-
ments (the second levels are mezza-
nines).

At the garage level, the building is 
96.56 m long and 54.00 m wide 
(in the curved part) and 28.40 m 
(in other areas). At ground level the 
dimensions of the left segment are 
43.6x52.0 m and 42.5x21.0 m for the 
right segment.

The height of the underground 
garages varies (in the top levels of 
ceilings) from 3.76 to 4.61 m. The 
height of the commercial part chang-
es from 2.98 m to 3.83 m. The foun-
dation plate is 100 cm thick in the 

Designed with Dlubal Software
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RFEM graphic with representation of maximum moments of 0.40 kNm/m in shell (final 
state) stressed by self-weight and snow of 1.50 kN/m² (Screenshot: Dlubal)

Shell after completion

Concrete Shell Fabricated 
with “Pneumatic Wedge 
Method” at Vienna UT, 
Austria
The “Pneumatic Wedge Method” is a 
new technique for the construction 
of double-curved concrete surfaces 
by means of pneumatic formwork. 
The advantage of this method is that 
complex structures for molds and 
scaffolding are not needed anymore.

Using the “Pneumatic Wedge 
Method”, the Vienna University of 
Technology has built a double-curved 
concrete shell as part of a research 
project. The deformation process and 
the final structural conditions have 
been checked with RFEM.

Pneumatic Wedge Method
The fabrication of the multi-curved 
shell starts from a flat position. 
There, a round concrete slab with 
wedge-shaped cutouts is created. 
In addition, inflatable air cushions 
are arranged under the slab and the 
wedge-shaped gaps.

At the slab’s circumference, unbond-
ed tendons are installed which are 
stressed on two opposing stress loca-

tions. At the same time, the air cush-
ion placed below the shell is inflated. 
Along with the inflation, the wedge-
shaped air cushions are compressed. 
The circumference of the concrete 
slab is being reduced, the slab is 
being arched upward and forms 
a double-curved shell.

The purpose of the pneumatic wedges 
is to stabilize the structure during the 
forming process. After the comple-

tion of the shell, it is possible to 
reuse them.

In the experiment of the Vienna 
University of Technology, the shell 
was deflected to the intended height 
of 3.5 m. Then, the tensioning cables 
(strands) were fastened on the an-
chor blocks and the joints between 
the elements were filled.

Experiment and structural analysis 
Vienna University of Technology 
Institute of Structural Engineering 
www.betonbau.tuwien.ac.at
Software  
Dlubal Software GmbH 
www.dlubal.com

Process of transforming a planar concrete slab to a double-curved shell 
(Photo: Vienna University of Technology)
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Moving the house over water (Photo: Techniek en Methode B.V.)

Design values of the concrete foundation slab displayed in RFEM (Screenshot: Dlubal)

Transportation 
of Vechthoeve in 
the Netherlands

At the end of 2013, the ‘Vechthoeve’ 
was transported over a distance of 
500 m. The wooden house, referred 
to as the Pippi Longstocking house, 
is situated close to Amsterdam, 
the capital of the Netherlands. The 
villa had to be relocated because of 
plans to widen the A1 highway. In 
nearly three months, Bresser from 
‘s-Gravendeel completed the project 
of moving the house over both land 
and water to its final destination at 
the Hoogerlust estate.

UNESCO heritage

The ‘Vechthoeve’ is a part of the 
‘Defence Line of Amsterdam’ 
(UNESCO heritage). Due to its great 
cultural and historical value, it was 
decided by the Dutch Ministry of 
Public Works that the monument 
would be relocated to a new loca-
tion and be given a new function. 
Consequently, transporting the house 
over water was the only option, in 
which two dikes had to be passed. 
The relatively weak dikes were 
crossed by two temporary bridges 
and a set of sheet piles.

In order to adequately support the 
building during the transportation 
phase, a completely new foundation 
was made. Additionally, seventeen 
steel foundation piles were installed 
inside the building. The same amount 
of jacks were used to lift the com-
plete structure 2.7 m off the ground. 
Finally, a set of so-called SPMTs (Self 
Propelled Modular Transporters) were 
moved underneath the 300 mm thick 
concrete foundation slab.

Designing the concrete 
foundation slab in RFEM

In RFEM 5, a set of three models 
were made:

1) Permanent situation

2) Transportation

3) Jacking up

The model consists of several con-
crete surfaces loaded by line loads 
(the jacks) and dead load. The jacks 
were modelled as flexible supports 
with different stiffnesses in each di-
rection. The required reinforcement 
in the slab was designed with the 

Building owner 
Rijkswaterstaat (Ministry of  
Infrastructure and the Environment) 
www.rijkswaterstaat.nl/en
Contractor 
Bresser Grote Projecten 
www.bresser.nu
Engineering Office 
Techniek en Methode B.V.  
www.tenm.nu
Software 
Dlubal Software GmbH 
www.dlubal.com

use of the module RF-CONCRETE 
Surfaces.

Designed with Dlubal Software
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Project visualization of Hotel Intercontinental in Davos (Pictures: Sailer Stepan and partners)

Spatial model of hotel in RFEM (Screenshot: Dlubal)

Sectional drawing with truss girder 
in 10th storey

Building owner 
CS Real Estate Fund Hospitality
Architect 
Oikios GmbH 
www.oikios.de
Total contractor 
ARGE 
Baulink AG 
www.baulink.ch 
Toneatti AG
Structural Analysis 
Sailer Stepan und Partner GmbH 
www.ssp-muc.com/home-en-us
Software 
Dlubal Software GmbH 
www.dlubal.com

Hotel Intercontinental 
in Davos, Switzerland

In December 2013, a hotel with ex-
traordinary architecture was opened 
in Davos. The building has the shape 
of a “Golden Egg” and is situated on 
a mountainside. 

The hotel is elliptic in shape with 
all corners rounded out. It was 
constructed with reinforced concrete 
and its external dimensions are about 
105 m x 40 m.

The structural analysis of the 3D 
model was performed by the German 
engineering office Sailer Stepan 
and partners who used RFEM. 
Furthermore, the structural engineers 
made a comparative calculation by 
means of a beam analysis program.

Structure
The oval main building with its eleven 
storeys is based on three basement 
storeys. In order to accommodate 
seminar rooms, restaurants and a 
ballroom in the first floor, broader 
column grids were needed. 
Therefore, V-shaped columns were 
arranged in the first floor. In this 
way, it was possible to set up smaller 
and more efficient column grids in 
the upper floors. In addition, the 
V-columns couple the ceiling of the 
first floor horizontally to the cellar.

The floor in the 10th storey, where 
the sky lounge is placed, spans an 
inner courtyard of a length of 34 m. 
That is why in this part of the build-
ing a composite truss girder as high 
as a storey was designed to which 
the two composite beam ceilings of 
the 9th and 10th storey are mono-
lithically connected.

As the building has been designed 
jointlessly, the truss girder was in-
tegrated into the building structure 
without any displaceable connec-
tions. With its high flexural resist-
ance, the girder connects the two 
stiffening cores at the top ends like 
a horizontal beam and is elastically 
restrained in the adjacent walls.

As the hotel building lies in the seis-
mic zone Z2 according to SIA 261, 
the corresponding seismic calcula-
tions were performed in addition to 
the structural analysis.

Designed with Dlubal Software

Dlubal Software GmbH    Structural Analysis and Design Software
9

R
ei

n
fo

rc
ed

 C
o

n
cr

et
e 

D
es

ig
n

Customer Project
RFEM Reinforced Concrete Design



Exterior view of Woodcube (Photo: Isenmann Ingenieure)

Woodcube – A 5-Storey 
Timber Building in 
Hamburg, Germany

A building with an impressive eco-
logical balance had the opportunity 
to be presented at the International 
Building Exhibition (IBA) in Hamburg, 
Germany. Being CO2-neutral in both 
its production and operation, the 
Woodcube‘s energy level corresponds 
approximately to the one of a passive 
house. Any material used in the 
timber cube is completely recyclable 
and biodegradable.

The Dlubal customer Isenmann 
Ingenieure from Haslach was in 
charge of the structural planning. 
The calculation and design of the 
central access core and the pile 
foundation made of reinforced 
concrete was carried out in RFEM.

Construction Consisting of 
Timber and Reinforced 
Concrete
What is really revolutionary is the fact 
that the timber core of the building 
including ceilings and floors consists 
of completely untreated wood 
remaining visible in the outdoor 
as well as the indoor area.

The Woodcube is composed of pre-
fabricated wall, floor and roof ele-
ments consisting of timber. Due to 
the high degree of pre-fabrication, 
the wooden shell has been complet-
ed within four weeks. It is placed 
upon the basement and built around 
the central access core with the stair-
case and the elevator, both made of 
reinforced concrete.

The basement rests on a total of 22 
full displacement bored piles of Ø 
51 cm which are inserted 13 m deep 
into the ground. The load applied on 
each pile head is up to 1,000 kN. 
In order to transfer the loading in 
an optimal way, a circumferential 
pile head beam is arranged below 
the external walls. The basement 
is made of waterproof concrete.

All in all the external walls of the 
wooden cube have a thickness of 
32 cm including a layer of t = 3 cm 
for thermal insulation consisting of 
softboards. The façade is based on a 
ventilated coating made of untreated 
larch wood.

The loads are transferred by the 
external walls and the walls of the 
central access core. Thus, no further 
columns or load-bearing interior 
walls are needed, which allows for 
an individual layout of rooms.

Developer 
Woodcube Hamburg GmbH 
DeepGreen Development 
deepgreen-development.com
Architecture 
Architekturagentur 
www.architekturagentur.de
Structural analysis 
Isenmann Ingenieure, Haslach,  
Germany 
www.isenmann-ingenieure.de
Timber construction 
Ing. Erwin Thoma Holz GmbH 
Thoma research center for 
woodworking 
www.thoma.at/en
Software 
Dlubal Software GmbH 
www.dlubal.com

Reinforced concrete model and calculation results of reinforced concrete design (Screenshot: Dlubal)
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Hotel Ramada 
Innsbruck Tivoli, 
Austria

In December 2011, the Hotel 
Ramada Innsbruck Tivoli opened in 
Austria. The fourteen-storey hotel 
is directly facing the Olympiaworld, 
Tyrol’s larg est sports and event 
center. The building represents one 
of the highest constructions of 
the beautiful Alpine city. Entering 
the terrace on the eleventh floor, 
 visitors enjoy a breathtaking pano-
rama of the Tyrolean mountains 
and the Bergiselschanze, a world-
famous ski jumping hill which is part 
of the annual International Four Hills 
Tournament.

The Dlubal customer in.ge.na was 
in charge of the testing work. Test 
engi neers used RFEM to enter the 
3D model including loads and to 
calculate the structure. 

Structure 

The construction object is a new buil-
ding representing a fourteen-storey 
hotel with a cellar. It was built as so-
lid construction consisting of rein-
forced concrete. The inclined exter-
nal walls in the east and west have 
a slope of 73.2° in relation to the 
building’s horizontal.

The horizontal as well as the vertical 
loading is transferred by the columns 
and wall surfaces of the central corri-
dor respectively the external walls. 
The external wall surfaces in the are-
as of the north and south facade 
have a thickness of 20-25 cm. The 
inclined walls in the west and east 
have the same thickness of 20-25 cm 
depend ing on the loading.

The floor thickness in the uncovered 
zone of the underground parking is 

35 cm, in the zone with superstruc-
ture it is 30 cm. The ceiling above the 
twelfth floor is 30 cm thick. All other 
intermediate floors were built as 
standard floor ceilings with a thick-
ness of 25 cm.

The foundation below the covered 
area of the building was constructed 
using flat footings with thicknesses 
of 1.00 m, 0.60 m and 0.30 m. Zones 
without superstructure were built up 
on strip and single foundations. As 
a result of calculations, lifting forces 
were determined in the western part 
of the building structure for the ex-
traordinary action of earthquakes.

To ensure stability in the described 
area, GEWI anchors were arranged.

Model with deformation visualized in RFEM (Screenshot: Dlubal)

Hotel Ramada Innsbruck Tivoli 
unplastered (Photo: in.ge.na.)

Building owner 
Porr Projekt und Hochbau AG 
www.porr.at/index.php?id=532&L=1

Structural analysis 
(testing work) 
in.ge.na. 
www.ingena.info

Software 
Dlubal Software GmbH 
www.dlubal.com

Designed with Dlubal Software
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Deformation of House B represented in 3D rendering (Screenshot: Dlubal)

Complete model of apartment complex 
with House A (left) and House B 
(Picture: AGA-Bau)

Wörgl Zentrum Lenk, 
Austria

In autumn 2012, construction start-
ed in Wörgl, Austria for an apart-
ment complex that is, by request 
of the building owner, complete-
ly planned and designed as a BIM 
model includ ing structural analy-
sis, work planning, call for tenders, 
etc. Special software tools of b.i.m.m 
GmbH, an Austrian company for 
building information model man-
agement, are used to make possible 
the cooperation of architects, struc-
tural engineers and company tech-
nicians working efficiently togeth-
er on the same 3D model. Basic soft-
ware used during the project are 

RFEM and the Autodesk programs 
Revit Architecture and Revit Structure 
for which Dlubal provides a direct in-
terface.

The entire model has been entered 
in Revit. Input includes more than 
1,000,000 structural components (in-
cluding guard railing, etc.). All struc-
tural specifications and load  cases 
have also been entered in Revit 
Structure. Then, the analytical mod-
el has been transferred to RFEM by 
means of the direct interface. The in-
terface is bidirectional, which means 
that data transfer is performed in 
both directions. If structural compo-
nents are changed in RFEM, they can 
be exported easily to Revit and vice 
versa. RFEM has been used to carry 
out structural calculations and to de-
sign the concrete construction. 

The RFEM add-on modules 
RF-CONCRETE and RF PUNCH 
have completed the calculation. 

Structure 
The entire project covers an enclosed 
space of approximately 40,000 m³. 
It is divided into two calculation sec-
tions: House A and House B. Other 
characteristics of the structural 
 model are:

House A: 
Materials: 11 
Surfaces: 362 
Cross-sections: 7 
Members: 75 
Structure weight: approx. 10 m t

House B: 
Materials: 21 
Surfaces: 419 
Cross-sections: 14 
Members: 72 
Structure weight: approx. 11 m t

Building owner 
Tiroler Friedenswerk 
www.friedentirol.at

Architecture, approval planning 
riccione architekten 
www.riccione.at

Final, detail planning 
and structural analysis 
AGA-Bau-Planungs GmbH 
www.agabau.at

BIM consulting 
b.i.m.m GmbH 
www.bimm.eu/english
Software 
Dlubal Software GmbH 
www.dlubal.com
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Project director 
Dr. Karel Kranda 
Academy of Sciences 
of the Czech Republic 
Nuclear Physics Institute
Head of research 
Doc. Ing. Jan Pašek, Ph.D. 
Faculty of Civil Engineering of the 
CTU (Czech Technical University) 
in Prague, Czech Republic 
Department of Building Structures
Team members 
Ing. Jiří Svoboda 
Ing. Hansley Pravin Gaya 
Otakar Veverka
Software 
Dlubal Software GmbH 
www.dlubal.com

Dlubal Programs Help to 
Save Stone Monuments 
in Angkor, Cambodia

Stone monuments in the Angkor 
archaeological park, registered as 
a UNESCO World Heritage Site, are 
considerably deteriorated nowadays 
and the state of the preserved ones 
is getting worse quickly.

Thus, international experts are in-
tensely looking into causes of a bad 
technical condition of these impor-
tant monuments and try to find 
suitable solutions for their rescue.

The Czech research team partici pates 
in saving these monuments in 
Angkor as well, with the five-year 
research project “Thermal Im aging 
and Structural Analysis of Sandstone 
Monuments in Angkor”.

The main project objective repre-
sents an analysis of a stone struc-
tures loading by environmental tem-
perature changes and their influ-
ence on a static safety of the mon-
uments. Besides the research direct-
ly in Angkor, numerical sim ulations 
of behavior of stone structures load-
ed by external ac tions, focused on an 
effect of temperature changes also 
make a part of the project. The pro-
gram RFEM by the Dlubal company 
was used to create numerical models 
and carry out a structural analysis.

The Angkor stone monuments, built 
between 8th and 14th century, are 
mostly ruins in various stages of de-
terioration at present. Majority of 
monuments was constructed from 
stone blocks assembled without any 
binding material, firebricks were used 
sometimes. At the temples preserved 
so far, a continuous development of 
failures occurs, mainly a disintegra-
tion of a stone blockwork, caused by 
a combination of several different 
factors.

Besides an improper construction 
technique, as regarded with today´s 
knowledge, demanding climatic 
conditions represent one of the 
main deterioration causes.

The monitoring of deformations 
and temperatures of selected tem-

by temperature, considering chara-
cter istic construction subsoil and vari-
ous connection types of stone blocks. 
The results of numerical 
analyses show a considerable corre-
spondence with the stone structures 
behavior (deformations, failures etc.). 
The research phase ex ecuted so far 
proved that the tem perature loading 
of Angkor temples reaches significant 
values and has considerable influence 
on their technical condition, worsen-
ing con stantly. In next research phas-
es, the steps performed so far will be 
further developed in such a way that 
the influence of temperature changes 
on the stone monuments behavior 
in Angkor could be more specified 
and optimal procedures could be 
proposed to preserve the monuments 
for next generations.

Angkor Vat temple in Cambodia

ples showed that the difference be-
tween the maximum and minimum 
tem perature on intensely insolated 
ex ternal surfaces exceeds 60°C dur-
ing a year cycle. Large thermal differ-
ences exist between night and day 
as well, the temperature on the in-
ternal surface was often about 40°C 
lower than on the external one. This 
contributes to an uneven loading 
and large dilatation motions within 
the stone structures; combined witch 
other factors, a gradual expansion 
of joints occurs among the blocks, 
individual stones drop out from the 
structure and the entire temple parts 
disintegrate or collapse. 

Numerical simulations of monuments’ 
static behavior are carried out with 
Dlubal’s FEA program RFEM, which 
allows reaching a high corre sponden-
ce rate between properties of nume-
rical models and real structures of 
stone temples. The analysis goal is to 
predict the further development of 
their technical condition, based on 
simulation results. Among others, 
obtained results could also serve to 
elaborate a project proposing opti-
mal saving procedures for stabiliza-
tion and rescue of these rare monu-
ments.

Within the research, 3D models of 
selected typical segments of stone 
structures were created and tested 
in the RFEM program so far - a single 
wall, a tetragonal pyramid, a roofed 
column gallery and various tower 
shapes. The numerical models were 
formed by solids - volume elements 
representing individual stone blocks. 
The mutual interaction of the blocks 
was simulated by contact elements 
that allow to eliminate tension 
effects perpendicular to a joint 
and to work with different friction 
intensity among block contacts. 

A number of simulations was pro ces-
sed for loading of mentioned models 

Analysis results 
in RFEM
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Entire analysis model of the school in RFEM

Floor design with add-on module RF-CONCRETE Surfaces (Screenshots: Dlubal)

Anton Rohmer, responsible for structural planning: “Under the given condi-
tions, and due to the building’s geometry, only a 3D calculation could pro-
vide realistic and efficient results.“

Building owner 
City of Laupheim 
www.laupheim.de
Architect 
HERRMANN+BOSCH Architekten 
www.herrmann-bosch.de
Structural Planning 
Ingenieurbüro Rohmer GmbH 
www.statik-rohmer.de/en
Software 
Dlubal Software GmbH 
www.dlubal.com

School Building 
in Laupheim, Germany

As Laupheim, a Swabian city in 
Southern Germany, called for tenders 
to build a new secondary school, 
an architectural competition was 
orga nized. The architects Herrmann 
and Bosch from Stuttgart were the 
winner.

They designed a three-story building 
having the following maximum 
di mensions:

Length: 58 m 
Width: 56 m 
Height: 16 m

The building forms a ring with an 
inner courtyard of approximately 
17 m x 24 m.

The German engineering office 
Rohmer GmbH, a long-term customer 
of Ing.-Software Dlubal, was charged 
with the structural planning. The 
reinforced concrete construction was 
entered as a 3D structure in RFEM to 
take into account the spatial coaction 
of the stiffening wall and floor sur-
faces. In this way, the building’s sta-
bility could be sufficiently ensured. 
One of the special challenges of this 
project was that some of the stiff-
ening shear walls could not be built 
to reach the foundation. In addition, 
due to the inappropriate soil, a pile 
foundation was required.

Further data of the structure entered 
in RFEM:

Nodes: 3,328 
Lines: 4,755 
Surfaces: 1,339 
Openings: 96 
Cross-sections: 6 
Members: 122

The reinforced concrete surfaces 
and members have been additionally 
designed in the add-on module 
RF-CONCRETE.
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Structural works of building element 1 (Photo: Werkraum Wien Ingenieure)

Element 1 of Science  
Park in Linz, Austria

The science park completes the Aus-
trian university Johannes Kepler by 
five further buildings.

In April 2005, an urban development 
competition was announced. Archi-
tects from Caramel in Vienna ten-
dered and they won the contest.

Engineers from Werkraum Wien 
using Dlubal software were in charge 
of performing the structural analysis 
for all five building elements. The fol-
lowing description goes more into 
detail for element 1 as it is the build-
ing which is already finished.

The building element 1 of the science 
park in Linz is a framed structure 
consisting of reinforced concrete 
with a total length of approx. 150 m 
and a variable width of 20 - 26 m.

The construction is made up of 
a deep basement, used as parking 
garage, and a first floor with labora-
tories. Above five upper floors are set 
up providing space for offices.

Flat slabs made of reinforced con-
crete represent the floor plates. The 
columns are prefabricated columns 
consisting of spun concrete.

The entire structural system is stiff-
ened by four reinforced concrete 
cores.

What is especially noteworthy is that 
the first floor has no columns in 
some of the floor areas. A specific 
arrangement of hanging steel trusses 
makes it possible.

The design of the spatial framework 
was carried out by the Dlubal pro-
gram RFEM in accordance with 
Eurocode 2 and the national annex 
for Austria (ÖNORM). Furthermore, 
the structure was analyzed by the 
Dlubal add-on modules RF-CONCRETE 
and EC2 for RFEM.

First, the building was modeled us-
ing the design software Rhinoceros. 

Then, the data was imported to 
RFEM via DXF interface and the sup-
porting structure was created. Finally, 
after applying the loads, the structal 
system was calucalted.

Analysis model for element 1 in RFEM (Screenshot: Dlubal)

Building owner 
Bundes Immobilien Gesellschaft 
www.big.at
Planning 
Caramel Architekten ZT GmbH 
www.caramel.at
Contractor 
STRABAG AG 
www.strabag.at
Structural analysis 
Werkraum Wien Ingenieure ZT-GmbH 
www.werkraumwien.at/index.php/home_en.html
Software 
Dlubal Software GmbH 
www.dlubal.com

Florian Stockert, engineer at Werkraum Wien: “Using Dlubal’s 3D FEA pro-
gram was a great advantage. Adjustments to the structure could be entered 
quickly and effects of structural modifications were immediately displayed.”
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Mr. Rohmer, responsible structural engineer: “The multi-storey hotel build-
ing is located in the seismic zone 2. RFEM made it possible to model and 
calculate the complex geometry in a realistic way. By using the add-on 
module RF-DYNAM, seismic design could be performed without any prob-
lems. With a conventional analysis, a realistic calculation of the structure 
wouldn’t have been possible and would have led to significantly increased 
construction costs.”

Analysis model in RFEM (Screenshot: Dlubal)

Hotel at marina under construction (Photo: Ingenieurbüro Rohmer)
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Hotel at the Marina 
of Kressbronn-Gohren 
at Lake Constance, 
Germany

The marina hotel is situated between 
Friedrichshafen and Lindau, on Lake 
Constance, one of the most attractive 
regions in Germany. However, this ex-
clusive location offers some structu-
ral challenges which must be consi-
dered in the planning. For exam ple, 
actions due to wind and earthquakes 
are considerably increased in the area 
around the lake.

The entire design of the multi-storey 
hotel has been carried out in a spati-
al FEA model of RFEM. In addition to 
the load cases self-weight, live load, 
snow and wind, equivalent seismic 
loads have been taken into account.

The building consisting of several 
segments is stiffened by reinforced 
concrete frames and a staircase core. 
Due to the construction‘s shape and 
the requirement to determine the na-
tural frequencies, it had been obvi-
ous that a spatial calculation would 
be advantageous.

The hotel has a length of 40.9 m, a 
width of 32 m and a height of 15.7 m. 
The total weight is approximately 
2,100 tons. The structural model 
consists of 626 nodes, 92 surfaces 
and 123 members. The FE mesh has 
12,758 nodes and 12,923 finite 
elements. The calculation time for all 
load cases (linear analysis) was about 
30 seconds.

Building owner 
Meichle + Mohr GmbH 
www.meichle-mohr.de
Architect 
Götz Siegmann 
Langenargen, Germany
Project management 
Ingenieurbüro Ugo Mordasini 
www.mordasini-baumanagement.de
Contractor 
Georg Reisch GmbH & Co. KG 
www.reisch-bau.de
Structural analysis 
Ingenieurbüro Rohmer GmbH 
www.statik-rohmer.de/en
Software 
Dlubal Software GmbH 
www.dlubal.com



BVB-FanWelt in 
Dortmund, Germany

Right at the start of the German 
Bundesliga season 2014/15, the new 
BVB-Fan Welt at the Signal Iduna 
Park was opened. It is not intended 
to use the open and generously de-
signed building only for merchandis-
ing but also to give the BVB fans the 
possibility 
to discover and experience a lot of 
things, for example the stylized south 
stand, the legendary “yellow wall“.

The architectural draft was designed 
by the Cologne architects msm meyer 
schmitz-morkramer. The structural 
planning was carried out among 
others by the Dlubal customer osd 
from Frankfurt.

Supporting Structure

The inner columns have been reduced 
to a minimum to maximize the flexi-
bility in the interior. Thus, the floor 
spans are up to 17 m. The ceilings 
and columns were built as reinforced 
concrete composite constructions. So 
it was possible to use slim and high 
load-bearing elements which do not 
require any additional fire protection 
coating.

The significant “rounding“ encloses 
the building on the west side. The 
welded steel construction made of 
I-sections spans two floors. The weld-
ment in a polygonal design has a dia-
meter of about 9 m. It is accessible in 
the interior and contains stands with 
original stadium seats in front of the 
“yellow wall“. 

Another highlight in the interior is 
the spatially curved stairway made 
of steel plates.

The BVB-FanWelt is an aesthetically 
pleasing building which combines all 
functions relating to the fans under 
one roof.

The BVB-Welt with the rounding on the west side (Photo: Dlubal)

Structural Planning, Façade Design, 
Building Physics 
office for structural design  
osd GmbH & Co. KG 
www.o-s-d.com/en
 
Software 
Dlubal Software GmbH 
www.dlubal.com

Models of the rounding and of the stairway with results in RFEM (Screenshot: Dlubal)

Customer  
BVB Merchandising mbH 
www.bvb.de/eng
Architect  
msm meyer schmitz-morkramer  
www.msm-architecture.com
Main Contractor  
Baugesellschaft Zabel GmbH 
www.zabel-bau.de
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The primary structure of the façade 
is made up of 18 bracket and façade 
supports which are arranged in 
a grid of 10°. The stiffening of the 
cylinder is guaranteed by the 
arrangement of horizontal ring 
stiffeners in connection with com-
pression and tensile-rigid diagonals.

To be able to determine the unevenly 
distributed wind load as realistically 
as possible, the entire main structure 
has been modeled spatially with 
RFEM.

3D model with deformations in RFEM (Screenshot: Dlubal)

Old Gasometer Newly 
Polished in Pforzheim, 
Germany

Steel Construction for 
a 360° Panorama

The link between the businessman 
Wolfgang Schweidtweiler from 
Pforzheim (Germany) and the pano-
rama artist Asisi made it possible that 
the 100-year-old gasometer threat-
ened by demolition can now be used 
in such a spectacular way. 

The former gas storage facility has 
been transformed to an extraordinary 
event area by a completely new 
interior design. A steel construction 
of around 35 m with a diameter of 
40 m has been built on top of an ap-
proximately 6 m high massive ground 
floor. Since the end of 2014, the 360° 
panoramas of the Berlin artist Asisi 
have been exhibited inside the build-
ing.

Construction

18 radially moving truss girders 
which are connected together by 
a compression ring at the ridge and 
a tension ring at the upper and low-
er chord form the main structure of 
the roof. Pressure tubes and diago-
nals arranged around it form the 
roof panel. 

Panometer after the opening 
(Photo: supporting structure 
- engineering office Knapp)

Gasometer Pforzheim from bird‘s-eye view (Photo: PSB Ingenieurbüro Ehrle Vivas)

Client 
Parkhotel Pforzheim GmbH & Co. KG 
www.gasometer-pforzheim.de/en/
Architect  
Gunter Schwarz 
www.g.schwarz-architekturbuero.de
Construction management 
PSB Ingenieurbüro Ehrle Vivas 
Hohenfels-Liggersdorf, Germany
Structural engineering steel 
constructions 
Ingenieurbüro Knapp 
www.tragwerk-knapp.de 
Ingenieurbüro Schnur 
www.ib-schnur.de
Structural engineering track system 
Büro für Leichtbau - Tritthardt + Richter 
www.tapweb.de/html/en/projects.html
Structural engineering solid 
construction 
Kreiling Krieger Lietzow - Beratende  
Ingenieure 
www.kkl-bi.de
Software 
Dlubal Software GmbH 
www.dlubal.com
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Extension of the 
Mosque in Mecca, 
Saudi Arabia

The Holy Mosque in Mecca is the 
most important mosque of Islam and 
also the biggest in the world. An ad-
ditional floor has been built in the 
interior around the main sanctuary 
of the Kaaba. The project‘s name is 
“Mataf Extension“.

It is a reinforced concrete construc-
tion with a floor span of 15 m and 
dimensions of the main beams are 
h / w = 2.2 m / 3.6 m with a span 
of 23 m.

Supporting Construction 
Made of Steel Trusses

To allow the use of the surfaces be-
low the new floor during construc-
tion, wide-span steel construction 
supporting girders instead of conven-
tional scaffolding are used to support 
the shell structure. 

The beams were designed as spati-
al trusses and were designed for the 
weight of the fresh concrete of the 
main and secondary floor beams. 
Dimensions of the steel beams are 
h /w = 3.36 m / 2.45 m with a total 
length of up to 56 m. They were cre-

ated and designed by the enginee-
ring office Mauss using RFEM. A sub-
stantial amount of work was due to 
the changes during the approval and 
assembly phases which were carried 
out under enormous time pressure. 

“When extending the mosque in 
Mecca, the possibilities of a vivid 3 D 
visualization of the construction and 
the results through RFEM were parti-
cularly helpful in view of the coope-
ration with project partners from dif-
ferent cultures“, according to Oliver 
Mauss from the engineering office 
Mauss.

Client 
GHI Formwork LLC 
www.ghi.ae 
Main contractor 
Saudi Binladin Group (SBG) 
www.sbg.com.sa
Structural planning  
Engineering office Mauss 
www.ibmauss.de/en
Software 
Dlubal Software GmbH 
www.dlubal.com

View of the construction site of the extension of the mosque in Mecca (Photos: GHI)

Supporting construction made of steel trusses

Model of the  
supporting construction 
in RFEM (Screenshot: Dlubal)
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Structural analysis 
and final planning 
Helika a.s. 
www.helika.cz
Software 
Dlubal Software GmbH 
www.dlubal.comModel of food court roof in RFEM with deformation results (Screenshot: Dlubal)

Box section of “snakes“

Steel structure of the food court roof (Photo: Helika)

Food Court Roof of 
Centrum Černý Most in 
Prague, Czech Republic

The construction of the extended 
shopping mall Centrum Černý Most 
in Prague was finished and opened in 
March 2013. The project was designed 
by the architects from the British firm 
Benoy. From architectural point of 
view, the most impressive structural 
component of the shopping mall 
Černý Most is the partially glazed roof 
over the food court. This is where the 
design of the featured steel structure 
found its use.

Structure

Good cooperation between the 
conceptual architect and structural 
engineers led to a decision in favor 
of the structural design with specific 
geometry which at first glance gives 
the impression of irregularities. 
However, a closer look reveals the 
natural lines of the main beams are 
curved to form the so-called “snakes“ 
and are regularly placed at eight 
meter intervals in the basic module 
grid of the entire structure. 

The main beams are tall welded 
box sections. The snakes curve in 
the ground plan with a radius of 
one meter. They seem to differ 

from one another, but they have 
identical geometry. The ground plan 
in the characteristic part of the roof 
consists of a beam with two bends 
that is alternately mirrored about the 
vertical plane in the transverse and 
then in the longitudinal direction of 
the roof. 

The stability of the main beams is 
secured by secondary beams of a 
similar but the more subtile cross-

section. The secondary beams weave 
through each other and mutually 
support themselves in every field. 
The production and assembly were 
challenging. The individual parts of 
the snake beams were welded on the 
spot. 

The structural model for the internal 
forces analysis and design was 
created in the structural engineering 
program RFEM.
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Bahá’í Temple of South 
America in Chile

In Chile, a very extraordinary struc-
ture whose construction is scheduled 
to be completed by the end of 2016 
is currently being built: It is the 
“temple of light“ which is one of 
eight Bahá’í temples worldwide. 
The monotheistic Bahá’í religion has 
about seven millions followers, mainly 
in India, Iran, Africa as well as in 
North and South America.

It took many years to plan the tem-
ple. The German Dlubal customer 
Josef Gartner GmbH was given the 
job of planning, design and construc-
tion of the entire structure above the 
foundation.

Structure

The shape of the temple resembles 
a nine-petalled blossom of a lotus 
flower. The building has a diameter 
of about 34 m and a height of 30 m. 
The substructure consists of a two- 
storey concrete structure and a flat 
footing.

As the site is placed in a Chilean re-
gion with a high seismic risk, it was 
necessary to uncouple the structure 
horizontally from the ground with re-
gard to vibrations. That is why a to-
tal of ten friction pendulum bearings 
were arranged between the concrete 
columns and the second intermedi-
ate ceiling.

The steel supporting structure is a 
kind of space frame with an upper 

and lower chord layer consisting of 
rec tangular cross-sections as well as 
round pipe diagonals serving as con-
necting elements. The nine petals 
that are identical in construction 
are closing with their leaf apices at 
the maximum point forming a light 
dome (oculus). The structural skele-
ton is formed, like for real plant pet-
als, by an interior framework consist-
ing of round pipes with thicker sec-
tion walls of d = 323,9 mm.

First, the building was modeled using 
the design software Rhinoceros. 
Then, the complete 3D model was 
trans ferred to RSTAB and RFEM and 
opti mized in close cooperation with 
the architect.

Finally, Gartner calculated the steel 
structure in RSTAB and RFEM con-
sidering the impact of earth-quakes.

Building owner 
National Spiritual Assembly 
of the Bahá’ís of Canada 
www.ca.bahai.org
Architect 
Hariri Pontarini Architects 
www.hariripontarini.com
Structural analysis, construction 
and work (steel and roofing) 
Josef Gartner GmbH 
josef-gartner.permasteelisagroup.com/en
Software 
Dlubal Software GmbH 
www.dlubal.comRFEM model of steel and concrete structure (Screenshot: Dlubal)

Modell of “Bahá’í Temple“ 
(Picture: Hariri Pontarini Architects)

Site at night (Photo: Gartner)
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Brandenburg Gate

Supporting structure for segment substitution (Photos: Jörg Sando)

Parts of the supporting 
structure in RFEM 
(Screenshot: Dlubal)

Column Substitution 
for Brandenburg Gate 
in Berlin, Germany

During the final days of the Second 
World War, a column segment of the 
Brandenburg Gate was severely dam-
aged by grenade attacks. When the 
gate was reconstructed in 2002, the 
German engineering office J. Sando 
in Weimar developed a method by 
which it was possible to substitute 
the column segment. The special sup-
porting structure needed for the sub-
stitution process was designed with 
RFEM, Dlubal‘s 3D FEA program. 

Basic Technical Conditions
The structure load is transferred 
across masonry arcs into the 
columns. Lateral supporting is not 
possible without deconstruction. 
Sando has developed a method by 
which the load is redirected within 
the column. By constantly checking 
the force and displacement, it was 

possible to monitor the work steps 
all the time. Critical moments, of 
course, had to be excluded for this 
building.

Column Substitution
Preparatory work for load increase 
was followed by mounting the hy-
draulic supporting structure step-by-
step. The new center piece, which is 
exactly half of the column segment, 
was inserted after an intended verti-
cal elongation of 0.6 mm. With both 
side parts it is now clearly discernible 
as the new segment. The chosen 
method was a great success.

Building owner 
Stiftung Denkmalschutz Berlin 
www.stiftung-denkmalschutz-berlin.de 
by order of the Senate  
Administration for Science, Research  
and Culture of Berlin, Germany
Contractor 
Bennert GmbH company for building 
security 
www.bennert.de
General contractor 
CARO Restaurierung 
und Technologie GmbH 
Berlin, Germany
Structural calculation 
Engineering office for structural analysis 
Dipl.-Ing. Jörg Sando 
www.sando.de 
Structural analysis (testing work) 
Prof. Frank Prietz 
Berlin, Germany
Technical monitoring 
EBK Engineering office for 
construction diagnostics 
Weimar, Germany
Messtechnische Überwachung 
EBK Ingenieurbüro für  
Bauwerksdiagnostik 
Weimar, Germany
Software 
Dlubal Software GmbH 
www.dlubal.com

„The spatial FEA model offered an 
excellent opportunity to study the 
structural behavior of the special 
and complex construction, making 
the design available for review. The 
mounting of the supporting struc-
ture had to be done in two steps 
because of the extremely high 
safety requirements for Germany‘s 
most popular building. With RFEM 
the characteristics of the moun-
ting situation could be modeled 
perfectly“ says Jörg Sando from 
Weimar.
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Baku Flame Towers, 
Azerbaijan

Since 2012, the city of Baku, capi-
tal of Azerbaijan, has a striking com-
plex of high-rise buildings: the Baku 
Flame Towers. The construction con-
sists of three towers which have the 
shape of a flame with a maximum 
height of 190 m. The flame shape 
designed by HOK Architects was in-
spired by the importance of fire for 
the town, as there is a high number 
of oil wells in the region.

The Dlubal customer Werner Sobek 
Stuttgart was responsible for the 
steel spires put on the towers as well 
as for the spectacular facade.

Supporting Structure 
of Tower Spires

The main structural systems of the 
three towers consist of reinforced 
concrete. In contrast, the towers‘ top 
stories consist of filigree steel frame-
works which provide spacious room 
for special use.

The primary framework of the spires 
consists of a spatial three-hinged 
frame built up of round pipes with a 
diameter of 610 mm. Following the 
given geometry, the pipes were taken 
as biaxially curved sections to the 
construction site where they were 
connected to each other by butt 
welds. To reduce deformations of the 
construction that is 30 m high, the 
vertical side steel columns were 
attached to the frame by bending- 

resistant connections. A special tri-
angular cross-section made of typi-
cal metal sheets and round steel bars 
was used for these columns to allow 
for an outside view that is as wide as 
possible. This cross-section was mod-
eled in the Dlubal program SHAPE-
THIN and then imported to RFEM.

The wind loads that were governing 
for the design were determined by 
a wind report, reaching very high 

va lues of 7 kN/m². Therefore, addi-
tional diagonals were needed on the 
curved back side of the steel con-
structions in order to reduce the 
total deformation on the tower spire 
to the required 90 mm.

Because technical planners were 
working closely together in an 
early phase of the project, the plan-
ning was performed successfully on 
schedule.

Architect 
HOK Architects 
www.hok.com
Design of facade and structural 
analysis of tower spires 
Werner Sobek Stuttgart GmbH 
www.wernersobek.de/en
Software 
Dlubal Software GmbH 
www.dlubal.com

Structural model in RFEM showing 
the deformation of a tower spire 
(Screenshot: Dlubal)

Baku Flame Towers, hotel and office tower under construction

Installing the final facade elements on 
the tower spire (Pictures: Werner Sobek 
Stuttgart)
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skywalk allgäu 
in Scheidegg, 
Germany

Taking a walk through tree tops 
and enjoying the view over a 
breath-taking landscape has been 
made possible since spring-time in 
Scheidegg, a small German town 
near Lake Constance. The skywalk 
allgäu is a path with a length of 
about 500 m, installed in the height 
of 15 to 30 m above ground, leading 
through the treetops of the Allgäu 
Alps. The path construction built at 
approx. 1,000 m above mean sea 
level consists of cable-stayed and 
suspension bridge constructions. 
Furthermore, it is supported by 
14 towers guyed with cables. The 
central point and major tourist 
attraction is the look-out tower 
which is 50 m high, offering visitors 
a wonderful view over the Alps, 
the Prealps and Lake Constance. 
The structural analysis of the entire 
steel construction was carried out 
with RFEM by the Dlubal customer 
Meyer+Schubart.

Structural System 

The look-out construction has 
a triangular floor plan and pipe 
columns with a diameter of 508 mm 
which are coupled with tubular cross 
bars and bracings in several planes.

At a level of 30 m, the tower is 
additionally stabilized by full locked 
cables PV 150 manufactured by the 
German company Pfeifer. By using 
the stairway or elevator with glass 
panes visitors can access the path.

Another tower construction, which 
is smaller having a height of approx. 
40 m, is also based on a triangular 
floor plan (on the right in the picture 
above). The tower is significant for 
the stiffening of the structural system 
and represents a fixed-point for the 
connected access to the stairway 
(bridle path). The bridle path is a 
cable-stayed construction with three 
pylons that is less prone to vibration 
compared to the construction of the 
suspension bridge, which is especially 
important for a safe use of the 
stairway.

Depending on the span lengths, the 
suspension cables of the suspension 
bridge construction have a diameter 
of 28.3 to 36.3 mm. To prevent the 
guy lines with a length of up to 68 m 
from oscillating due to aerodynamic 
effects, they are partially stabilized 
with auxiliary cables which are 
thinner than the main cables.

Finally, it is worth noting that the 
German company Biedenkapp 
Stahlbau has won the M&T Metal 
Construction Price of the year 
2011 in the category for steel 
constructions.

Building owner 
Skywalk allgäu gemeinnützige GmbH 
www.skywalk-allgaeu.de
Architect 
Karlheinz Thurm 
Stetten, Germany
Structural analysis 
and final planning 
Meyer+Schubart 
www.meyer-schubart.de 
Construction work 
Biedenkapp Stahlbau GmbH 
www.biedenkapp-stahlbau.de
Software 
Dlubal Software GmbH 
www.dlubal.com

Entire structure displayed in RFEM (Screenshot: Dlubal)

Look-out tower 
(Photos: skywalk allgäu)

Suspension bridge construction of the path
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Newly Constructed 
Multi-Purpose Stadium 
in Uyo, Nigeria

Following a three-year construction 
period, a stadium with 30,000 seats 
was completed in 2014 in Uyo, 
Nigeria. Major national and interna-
tional events will take place in this 
multifunctional two-tier stadium. 
Uyo is the capital of Akwa Ibom 
State in southern Nigeria. Uyo has 
about 400,000 inhabitants.

The steel structure has been calcu-
lated by formTL using RSTAB.

Construction

The stadium consists of two sepa-
rate structures. One is the VIP box 
and the other has rounded corners 
and a straight back. The VIP area is 
a straight truss system with vertical 
façade, straight cantilevered beams 
and rectangular façade panels. The 
other part of the stadium structure 
has curved cantilevered beams and 
rhomboidal façade panels.

The RSTAB model of the VIP box 
consists of 4,610 members and the 
main model of the stadium includes 
12,049 members. The cantilevered 
roof beams are tubular trusses made 
of steel S 355.

The ornamental façade was pro-
duced from 15 mm thick casted 
plates made of white plexiglass. The 
point-mounted plexiglass panels near 
the arch beams are partially cut out 
and together form a large mosaic. 
Acoustic trapezoidal sheet metal has 
been used as roofing.

Thanks to the geometry of the sta-
dium, the visibility is optimal. 
Moreover, it is designed in such a 
way that ideal escape routes are 
guaranteed in case of emergencies.

Architect 
ASS Planungs GmbH - Freie Architekten 
www.ass-architekten.de
Main contractor 
Julius Berger Nigeria PLC 
www.julius-berger.com
Solid construction planning 
Julius Berger International GmbH 
www.julius-berger-int.com 
Steel constructors 
Bilfinger MCE GmbH 
www.mce.bilfinger.com/en
Structural planning 
formTL Ingenieure für Tragwerk 
und Leichtbau GmbH 
www.form-tl.de/en/home.html
Software 
Dlubal Software GmbH 
www.dlubal.com

3D model of the VIP box (left) and 
the stadium (right) in RSTAB 
(Screenshot: Dlubal)

Model of the stadium (Picture: formTL)

External view of the stadium during construction (Photo: formTL)
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New Construction for 
Bus Station in Aarau, 
Switzerland

A unique structure which roofs the 
main bus station in the Swiss town 
of Aarau was built at the end of 
2013. The canopy has a cloud-like 
shape and contains the largest single- 
chamber cushion in the world. The 
ETFE cushion has a volume of 1810 m³ 
and covers an area of 1070 m².

The German Dlubal customer formTL 
used RSTAB for the structural analysis 
of the steel structure.

Structure

The external dimensions of the roof 
are l x w = ~ 42 m x ~ 39 m. The 
eave height is 7 m. In the center of 
the can opy there is an organically 
shaped opening. The air cushion is 
inflated and reaches a height bet-
ween 1.3 m and 3.2 m. Furthermore, 
a clear and blue-dyed foil with a fine-
ly balanced print was used.

The cushion is enveloped and span-
ned by an irregular mesh of stain-
less steel cables that are fixed to the 
curved pipes on the edge. The edge 
beams are supported by a load be-
aring system consisting of steel gir-
ders lying within the cushion. The en-
tire technical infrastructure for water, 
air, electronics and sensor technolo-
gy has been integrated into the inner 
steel structure.

The roof is supported by a total of 11 
filigree columns made of round pipes 
with a diameter of d = 298.5 mm 
that are slightly inclined in an axis. 
The “cloud“ seems to float.

The ETFE cushion has such an air-
tight and energy-saving design that 
merely 15 % of the forecast air po-
wer needed to sustain the structure 
is required. Immediately after the bus 
station was put into service, it beca-
me an exhibit in the Swiss architec-
tural trade show “architektur 0.13“ 
in Zürich.

Building owner 
City of Aarau 
www.aarau.ch
Architect 
Vehovar & Jauslin Architektur AG 
www.vja.ch/en/
Planning for project and solid 
construction 
suisseplan Ingenieure AG 
www.suisseplan.ch
Work 
Arge Foliendach 
Ruch AG 
www.ruch.ag 
Vector Foiltec GmbH 
www.vector-foiltec.com)
Structural engineering, workshop 
planning for steel, membrane, 
cables, specialist department 
+ quality control 
formTL Ingenieure für Tragwerk und  
Leichtbau GmbH 
www.form-tl.de/en/home.html
Software 
Dlubal Software GmbH 
www.dlubal.com

Top view of bus station in Aarau (Photos: Niklaus Spoerri, Zürich)

Bottom view of air-cushioned 
membrane roof

3D model of bus station displayed in RSTAB (Screenshot: Dlubal)
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Dome of Louvre 
Abu Dhabi, 
United Arab Emirates

With the dome of the Louvre Abu 
Dhabi, a museum in the capi tal of 
the United Arab Emirates, a new 
architectural highlight was com-
pleted. The structure consist ing of 
steel has a diameter of 180 m and 
covers the new local branch of the 
Louvre Museum in Paris.

The new museum was designed by 
the famous French architect Jean 
Nou-vel. The Austrian company 
Waagner-Biro from Vienna has been 
responsible for the structural calcu-
lation and the construction of the 
dome.

Structure

The dome rests on only four sup-
port points arranged at a distance of 
110 m, which gives the impression 
that the roof hovers above the mu-
seum pavil ion below. The intention 
of the roof covering consisting of se-
veral layers of aluminum sections is 
to create similar lighting conditions 
as they occur in an oriental bazaar 
where woven mats cover the narrow 
streets. In this way, the dome‘s sup-
porting structure is visually pushed 
into the background.

The structural system is based on a 
space frame consisting of approx. 
11, 000 member elements with an 
av e rage length of 4-5 m each. The 
spatial grid made of triangles and 
quadran gles was developed by Buro 
Happold.

The structure is supported by four 
re settable spherical bearings. It was 
im portant to consider their frictional 
re sistance and the restoring force of 
the supports for the modeling.

The loading that acts on the struc-
tural analysis model was analyzed 
inten sively by Waagner-Biro. They 
also con sulted the technical planners 
about it. For example, the local load 
transfer has been considered by ser-
vice mesh es. When service techni-

cians step on these meshes, the adja-
cent members must absorb the addi-
tional transverse loading.

The target was to get an ideal 
dome shape without any visible sag. 
Therefore, it was necessary to cam-
ber the structure for mounting. With 
this, another effect had to be taken 
into account in addi tion to the de-
formation components from the self-
weight. Over time, the tolerances in 
the bolt connections of the members 
will lead to a sliding of the connec-
tions, and this in turn caus es further 
sagging of the dome.

Building owner 
TDIC 
www.tdic.ae
Architect 
Ateliers Jean Nouvel 
www.jeannouvel.com
Geometry and structure 
Buro Happold 
www.burohappold.com
Specialist Contractor 
Waagner-Biro Stahlbau AG 
www.waagner-biro.com/en
Structural analysis + final planning 
Waagner-Biro Stahlbau AG
Consulting engineers: 
Werkraum Wien Ingenieure 
Handel Engineering GmbH
Software 
Dlubal Software GmbH 
www.dlubal.com

Dome of Louvre Abu Dhabi 
during construction stage 
(Photo: Waagner-Biro)

3D dome model for Louvre Abu Dhabi in RSTAB (Screenshot: Dlubal)

Waagner-Biro: “A new icon of architectural steel construction is created 
with the dome of the Louvre Abu Dhabi.“
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Forum Gold and Silver 
in Schwäbisch Gmünd, 
Germany

By the day the 2014 State Garden 
Show began, the construction of a 
building with a spectacular façade 
was completed in the German town 
of Schwäbisch Gmünd. The project 
of the local association for noble 
metals is supposed to emphasize 
the reputation of the gold and 
silver town.

The house is used as a place for 
presentations and events which 
are associated with matters of gold 
and silver as well as design. The de-
sign of the building was commis-
sioned by the German planning 
office isin architekten after winning 
the design competition.

The German engineering office 
Klöckner carried out the structural 
calculation of the façade‘s support-
ing structure by using RSTAB. For the 
facade cassettes they used RFEM. In 
connection with a wind report creat-
ed by the German I.F.I. Institute for 
Industrial Aerodynamics, the wind 
loads to be applied were determined 
with a model put in a wind tunnel.

Structure of façade
The facade envelopes the building 
like a coat made of gold leaf. But in 
reality the approximately 800 facade 
plates of 1.5 m x 1.5 m consist of 

Developer 
Edelmetallverband Schwäbisch  
Gmünd 
www.edelmetallverband.de
Architect 
isin architekten 
www.isin.de
Work of façade 
EBENER GmbH Fassaden-Profiltechnik 
www.ebener.de
Work of steel construction 
SWW Stahlbau Westerwald 
www.stahlbauwesterwald.de
Structural analysis of facade 
Ingenieurbüro Klöckner GmbH 
Nistertal, Germany
Software 
Dlubal Software GmbH 
www.dlubal.com

“Gold“ façade of the Forum Gold and Silver 
in Schwäbisch Gmünd (Photo: Klöckner)

Supporting structure of façade modelled in RSTAB (Screenshot: Dlubal)

Surface stresses 
in a façade cassette

an aluminum alloy that is coated on 
both sides with DURAFLON®, a FEVE 
stove-enamel finish for façades.

The steel supporting structure of 
the facade consists of 1,276 mem-
bers al-together with steel grades 
of S 235 and S 355. It is fixed to the 
building at 80 points. Ten round pipe 
columns of d=159 mm bear the ma-
jority of the vertical loads. The RSTAB 
add-on mo-dule STEEL EC3 was used 
for the calculation. The facade cas-
settes with a thickness of 3 mm were 
calculated by using the RFEM 
modules RF-IMP, RF-STABILITY and 
RF-STEEL Surfaces. The cassettes are 
stiffened in the field by aluminum 
edge profiles which were designed 
in RF-ALUMINIUM.
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New Roofs Above Gates 
of Frankfurt Exhibition 
Grounds, Germany

In 2008, the German company Messe 
Frankfurt organized an architectural 
competition for planning the rede-
sign of the northern and southern 
gates leading to the exhibition 
center. The target was to design a 
guardhouse and a roof for each gate. 
The building owner wished the roofs 
to be developed as extraordinary 
structures with high recognition value.

The winning designer was the 
German architect Ingo Schrader from 
Berlin, who worked closely together 
with the German structural engineers 
Bollinger + Grohmann. The draft in-
cluded circular roofs with a diameter 
of about 25 m supported by pyramid 
shaped columns.

In August 2013, the roof constructi on 
was finished on the northern gate.

Roof Construction 
for Northern Gate

In the course of further planning, 
the circular shape became an oval 
because of the adaption to the local 
conditions. Its size is 42 m x 18 m 
with a maximum lamella depth of 
60 cm. The roof cantilevers up to 
10 m and is only 15 cm thick on its 
edge. The four columns are placed 
in an irregular grid. Their pyramidal 
shapes visually represent the down-
ward force distribution in the col-
umns. Due to their triangular shape, 
they appear particularly slim and the 
roof has the illusion that it is floating.

Northern gate after its completion in August 2013 (Photo: Messe Frankfurt/Bach)

Building owner 
Messe Frankfurt 
www.messefrankfurt.com/frankfurt/en.html
Design 
Ingo Schrader 
www.schrader-architekt.de
Digital planning and 
structural engineering 
Bollinger + Grohmann Ingenieure 
www.bollinger-grohmann.com
Work 
Prebeck GmbH 
www.stahlbau-prebeck.de
Software 
Dlubal Software GmbH 
www.dlubal.com

Steel stress analysis of 
northern roof in RSTAB 

(Screenshot: Dlubal)

The roof support structure was gene-
rated and optimized by means of a 
computational model. One may have 
the impression that the axes of the 
load-bearing lamellas are randomly 
arranged. But their arrangement is 
the result of a computer-based de-
sign process where structural, formal 
and manufacturing boundary condi-
tions were brought in line.

Then, the lamellas were optimized 
in their height and width. In this 
optimization process RSTAB was 
connected with the design program 
Rhinoceros by using an individually 
created VBA script. A special algo-
rithm reduced iteratively the cross- 
section dimension of the flat steel 
lamellas on the basis of the occurring 
equivalent stresses.
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Salvador Dalí Museum 
in Florida, USA

In January 2011, the Salvador Dalí 
Museum in St. Petersburg, Florida, 
opened its doors to the public. It 
contains the largest collection of 
Dalí’s artwork outside Spain, includ-
ing oil paintings, watercolors, draw-
ings, graphics, photographs and 
sculptures. The architectural highlight 
is the “Enigma,“ a glazed atrium that 
drapes over the side of the boxy rein-
forced-concrete building. The struc-
tural analysis of this unique steel-
glass construction was carried out 
with RSTAB by the Dlubal customer 
Novum Structures.

Construction 

The “Enigma” is a steel-tube con-
struction comprised of more than 
900 triangular-shaped glass panels 
that form the protruding bulges. 
No two glass panels within the 
curving glass structures are identical 
so they provide a truly unique view 
of St. Petersburg’s picturesque 
waterfront. 

Architect 
HOK 
www.hok.com
Engineering & subcontractor 
Novum Structures LLC 
www.novumstructures.com 
General contractor 
Beck Group 
www.beckgroup.com
Software 
Dlubal Software GmbH 
www.dlubal.comModell des „Enigma“ in RSTAB (Screenshot: Dlubal)

Interior view with spiral wall as staircase Exterior view of the museum with the “Enigma“ to the right (Photos: Novum)

The builders had to solve a mystery 
of how to shape, engineer and hang 
the transparent structure — 75.5 ft 
at its tallest, 105 ft at its widest and 
27.5 ft at its deepest — and still en-
sure the delicate-looking structure 
can withstand hurricane-force winds 
and wind-borne debris. 

HOK’s architect Weymouth calls the 
Novum system a visual diagram of 
the way the structure performs, 
because the triangles get tighter 
in places of the greatest stress.

In 2010, HOK received the Novum 
Design Excellence Award for its iconic 
design of the Salvador Dalí Museum.
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New Indian Research 
Station “Bharati” 
Antarctica

During the Antarctic summer months 
of the years 2010/2011 and 2011/12, 
a new research station was built 
in East Antarctica for the Indian 
Ministry for Earth Sciences. Design 
and planning came from the German 
offices of bof architekten and IMS 
Ingenieurgesellschaft in Hamburg. 
The complex structural system con-
sists of an enveloping steel construc-
tion and a total of 134 special con-
tainers integrated to transfer vertical 
and horizontal loads. The final struc-
tural analysis was carried out by the 
German engineering office KSF in 
Bremerhaven.

Structure 

The research station, which is for the 
most part a two-storey building, has 
a floor plan with the dimensions of 
about 30 m x 50 m and is more than 
12 m high. The station was designed 
for a minimum operation time of 
25 years.

The construction is mostly elevated 
and built on steel columns to mini-
mize the impact of snow drifts. The 
foundation consists of altogether 

83 GEWI piles (injection piles) that 
were inserted into the rocky under-
ground. The research station is 
exposed to extreme wind loading. 
The dynamic pressure of gust given 
in the wind report was 2.6 kN/m².

The building is stiffened at the sta-
tion‘s front end by diagonal columns 
arranged in Y-shape and by a solid 
reinforced concrete core at the back 
end.

Calculation in RSTAB 

As high demands were made on the 
serviceability of the building (deflec-
tions, natural frequency, etc.) it was 

necessary to analyze the deformation 
behavior as realistically as possible. 
Therefore, the entire spatial model 
was entered and designed in RSTAB. 
All load-bearing cross-sections of the 
integrated container modules as well 
as the enclosing steel girder 
con struction could be represented in 
the program. The shear stiffness of 
the container walls was taken into 
account by substitute diagonals. 
In the same way, it was possible to 
represent in detail the connections 
between the containers and the steel 
construction as well as of containers 
among each other in the analytical 
model.

Building owner 
NCAOR - National Centre for  
Antarctic & Ocean Research 
www.ncaor.gov.in
Management 
KAEFER Construction GmbH 
de.kaefer.com/en/home.html
Structural analysis 
in the design phase 
IMS Ingenieurgesellschaft mbH 
www.ims-ing.de
Final structural analysis 
KSF GmbH & Co. KG 
www.ksf-ing.de
Software 
Dlubal Software GmbH 
www.dlubal.com

Research station in Antarctica 
(Photo: KAEFER)

Deformation of research station shown in RSTAB (Screenshot: Dlubal)
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Steel stress analysis of the 
roof support structure in 
RSTAB (Screenshot: Dlubal)

Hall of the royal castles with illuminated grid shell of the half-barrel vault (Photo: Marcus Ebener)

Building owner 
Wittelsbacher Ausgleichsfonds 
www.haus-bayern.com
Architect 
Staab Architekten 
www.staab-architekten.com
Structural planning 
ifb frohloff staffa kühl ecker 
www.ifb-berlin.de
Software for roof construction 
Dlubal Software GmbH 
www.dlubal.com

Museum of the 
Bavarian Kings in 
Hohenschwangau, 
Germany

In September 2011, the Bavarian mu-
nicipality of Hohenschwangau has 
gained yet another historical tourist 
attraction. After four years of plan-
ning and construction, the “Museum 
of the Bavarian Kings“ opened its 
doors for the first time. Located 
below the Neuschwanstein and 
Hohenschwangau castles, the muse-
um combines Bavarian history with 
impressive steel and glass architec-
ture. The museum contains, amongst 
other things, a walk-around family- 
tree exhibition of the Wittelsbachs, 
one of Europe‘s oldest dynasties, 
as well as a golden centerpiece 
that shows the double wedding in 
Worms known from the Song of the 
Nibelungs.

For the construction of the triple bar-
rel vault, the Museum of the Bavarian 
Kings received the German Steel 
Design Award 2012.

Initiator, architect, and director 
of the museum is the Wittelsbach 
Compen sation Fund (Wittelsbacher 
Ausgleichfonds).

Construction 

The construction of the  museum 
dedicated to the history of the 
Wittelsbach dynasty required the 
erection of a new roof atop the 
former royal hotel, a building in 
Baroque style. For the roof support 
structure, grid shells inspired by the 
rhombuses of the Bavarian flag were 
designed. The point-supported shell 
structure consisting of a half-barrel 
and two quarter-barrel vaults pro-
vides a span length of 20 meters.

The rhombuses of the shells are 
formed by laser-cut flat-rolled steel 
bars which following the cylindrical 
shell are welded according to 

“Zollinger‘s construction method“. 
The longitudinal steel purlins which 
are responsible for the shell‘s spa-
tial load capacity were positioned 
over the flat-rolled steel bars so that 
they wouldn‘t disturb the rhombus 
 design. Flat-rolled steel bars were 
welded onto the purlins to contain 
the trape zoidal sheet-metal roofing.

The grid shell of the half-barrel vault 
was delivered in five prefabricated 
parts and assembled on an assembly 
scaffolding. The quarter-barrels were 
delivered in one piece to the con-
struction site. 

museumderbayerischenkoenige.de
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Tiger & Turtle - Magic Mountain (Photos: ifb frohloff staffa kühl ecker)

Tiger & Turtle - 
Magic Mountain 
in Duisburg, Germany

From afar visitors see a roller coast-
er standing alone on a green hill. 
When approaching they understand 
why the air of a typical fair is missing 
in its surroundings. It is not a  roller 
coaster running with high speeds 
but an accessible construction with a 
stairway of all in all 215 m. It is not 
possible, however, to pass through 
the structure in one run because the 
looping is an obstacle that cannot be 
overcome.
After 2 years of planning and 
comple tion the big outdoor sculp-
ture called “Tiger & Turtle - Magic 
Mountain“ was opened to the pub-
lic in November 2011. From that time 
on, the coaster is enthroned on the 
Heinrich Hildebrand Height, an ar-
tificial hill of 30 m heaped up with 
zinc slag in the South of the German 
town Duisburg where it is visible 
from a large distance. In a height 
of 45 m above ground, visitors can 
 enjoy the breathtaking view into the 
landscape of the Western Ruhr. The 
plan of the “roller coaster for pe-
destrians“ was made by artists from 
Hamburg, Heike Mutter and Ulrich 
Genth. 

Structure 
The supporting structure consists of 
spatially precambered main beam 
pipes lying on 17 built-in steel col-
umns. Cross beams cantilevering 
on both sides are fixed to the pipe 
where a walkable grating with a 
width of 1 m is applied. The span 
lengths of the main beam pipe vary 
from 7 to 15 m. The irregular column 
arrangement is based on results of a 
research by structural engineers from 
Berlin, optimizing the structure’s be-
havior concerning deformation and 
vibration. Horizontal vibration damp-
ers were installed in significant span 
areas.
www.ruhr-tourismus.de/duisburg/ 
tigerturtle.html

Stairway with looping

Building owner 
Kulturhauptstadtbüro Duisburg 
www.duisburg.de
Artists 
Heike Mutter and Ulrich Genth 
www.phaenomedia.org
Geometry 
designtoproduction, Arnold Walz 
www.designtoproduction.com/start.en
Architect 
bk2a architektur 
www.bk2a.de
Structural planning 
ifb frohloff staffa kühl ecker 
www.ifb-berlin.de
Software 
Dlubal Software GmbH 
www.dlubal.com

Model with deformation visualized in RSTAB 
(Screenshot: Dlubal)
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Floating way on tetrapod construction Floating walkway 
supported by tetrapod 
construction in RSTAB 
(Screenshot: Dlubal)

Architectural Plan 
The idea was to make the dump ac-
cessible on a discovery path leading 
“through the tree tops“. The overlook 
at the west point offers a wide view 
over the surrounding landscape. The 
uphill walk starts at the “hill foyer“ 
which is a building with the shape 
of a red skew cube. Passing its stair-
case visitors are crossing a “troughed 
bridge“ and the “twin tower“ where 
they reach the “floating walkway“. 
The way is winding through the trees 
for 150 m and about 6 m above the 
ground. Beginning with the second 
half of the path visitors are walking 
on the “stairway to heaven“ consist-
ing of steel steps which are relatively 
close to the earth. Once the walkers 
arrive at the top they cross an arête 

walk to reach the “mountain pla-
teau“, a platform projecting beyond 
the dump edge.

Supporting Structure 
As the burden material was only 
heaped up in the past without com-
pressing it, constructions needed to 
be statically determinate due to high 
settlement risks. Therefore, it was de-
cided to use “tetrapods” for the sup-
porting structure of the “floating 
way“. They are immediately stable in 
themselves and thus can be assem-
bled easily. In addition, they are re-
sistant to settlements. Furthermore, 
one span footbridges that are stati-
cally determinate were placed be-
tween these tetrapods. The site 
measurement was entered in RSTAB 
by structural engineers. Based on 

these coordinates, the supporting 
structure was finally designed like 
in a 3D CAD program.

Building owner 
Town of Baesweiler 
www.baesweiler.de

Planning and landscape 
architecture 
DTP Davids, Terfrüchte + Partner 
www.dtp-essen.de

Planning and urban development 
PASD Architekten Feldmeier - Wrede 
www.pasd.de

Structural planning 
IFS - Beratende Ingenieure für  
Bauwesen 
Prof. Feyerabend - Schüller 
Hürth
Software 
Dlubal Software GmbH 
www.dlubal.com

Life and Science Park  
Carl Alexander in 
Baesweiler, Germany

Baesweiler, a small German town 
near Aachen, decided to return to 
its citizens a burden dump that was 
used in the former mining industry 
but abandoned in 1975. Moreover, 
this project was meant to be the 
starting point for the development of 
a technology site. The result was an 
extraordinary construction challenge. 
The project was awarded with the 
German price for landscape architec-
ture 2009.

Viewing platform “mountain plateau“ 
(Photos: Prof. Feyerabend, FS)
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Main Arch and bridge of Russian airport Sheremetyevo (Photo: Bollinger+Grohmann)

RSTAB analysis model of Main Arch 
(Screenshot: Bollinger+Grohmann)

Steel Roofs and Bridge  
of Sheremetyevo Airport 
in Moscow, Russia

Because of modernization and in-
creased passenger capacity, the third 
terminal was built at the Shere-
metyevo International Airport. The 
Dlubal customer B+G Ingenieure 
Bollinger and Grohmann GmbH from 
Frankfurt am Main, Germany, was re-
sponsible under the direction of the 
Arnold AG for the planning of sever-
al projecting roofs and a pedes trian 
bridge connecting car park and ter-
minal. The model was designed by 
the architect Dmitri Pshenichnikov. 
The steel construction was built by 
the Russian company Stalkon. A spe-
cial challenge for all companies 
involved was the three-dimensional 
planning required to perform the 
project. Large-area accumulations of 

snow had to be taken into account 
when designing the steel construc tion. 
The basic snow load of 1.26 kN/m² 
for Moscow was multiplied with the 
corresponding factors and resulted in 
a snow load of 8.60 kN/m² to be ap-
plied.

Bridge
The architect’s 3D model consisted 
of a bow (Main Arch) with long span 
lengths, stretched from the terminal 
to the parking deck, and a bridge 
suspended from the arc. Though the 
bridge got its own arched support-
ing structure, due to various defor-
mations of single structural compo-
nents stressed by load, the vertical 
cables were used additionally.

Main Arch 
The Main Arch is an arch structure 
with supporting cables, starting from 
the dome-shaped structure in the 

center of the terminal, running over 
the main entrance and ending at the 
car park, creating an entrance hall 
with span lengths of 56 m x 43 m 
and bridging a distance of 88 m to 
the parking deck. The principal sup-
porting structure consists of 4-chord 
trusses where cross beams in the 
form of fish-bellied girders are 
ar ranged between them. It was re-
quired that the main arch must have 
a high flexural resistance because of 
high eccentric snow loads. The high 
flexural stiffness, however, resulted 
in unintentional excessive tensile 
forces within the bottom chord of 
the 4-chord trusses. Therefore, the 
cables supporting the structure were 
pre stressed with such a high force 
that the tension forces are over-
pressed. By prestressing the cables 
during the assembly, stresses were 
generated in the upper chord which 
were reduced only by applying the 
load of the finishings.

Architect 
Dmitri Pshenichnikov
Main contractor for projecting 
roofs and roofing 
Arnold AG 
www.arnold.de/index.php?_en
Structural planning 
B+G Ingenieure - Bollinger 
und Grohmann GmbH 
www.bollinger-grohmann.com/en.home.html
Steel construction for Main Arch 
Heinrich Lamparter Stahlbau GmbH & Co. KG 
www.stahl-und-glas.de/index.php/en/home-start
Steel construction for bridge 
Müller Offenburg GmbH 
www.mueller-offenburg.de/en
Software 
Dlubal Software GmbH 
www.dlubal.com
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Ferrari World Theme 
Park in Abu Dhabi, 
United Arab Emirates

On Al Yas Island, the biggest natural 
island of the Emirates, the Ferrari 
World Theme Park has been erected 
as an amusement and leisure facility. 
It contains, according to the design 
concept of Benoy, in addition to a 
Formula 1 fitted circuit, a shopping 
mall of the size of 300,000 m², 
condominiums, marinas as well as 
several luxury hotels and two golf 
courses.

The park is built in two phases – 
phase 1 was completed in 2009, 
whereas the second phase shall not 
be implemented until 2014.

The Ferrari World Theme Park is co-
vered by a vast roof. The entire roof 
structure with a surface of about 
195,000 m² consists of a MERO 
spatial framework. With a total 
number of about 170,000 bars and 
about 42,200 joints, it is the largest 
spatial framework ever built.

For the modelling, the entire 
structure was separated into three 
substructures: The inner core, the 
main structure and the three outer 
“pincers“.

The core consists of a truss structure 
with 4,025 joints and 13,346 bars. 
For statical calculations, 15 load 
cases, 89 load groups and 2 load 
combinations were created. 

With its overall dimension of 353 x 
350 x 43 meters, the main structure 
is the largest and most demanding 
part of the structure. 21,433 joints 
and 87,102 bars represent the 
structure. Steel pipes of steel quality 
S 355 are used as cross-sections. The 
maximum cross-section diameter of 
the steel columns is 1,016 mm.

During the modelling of the three 
identical “pincers“, it was  possible 
to confine the analysis to one of the 
three structures. Thus, a  relatively 
clearly arranged calculation  model 
made of 5,687 joints and 22,828 

Truss structure in RSTAB

Deformations in RSTAB

bars developed. 26 load cases, 74 
load groups and 2 load combinations 
represent the concept for the 
structural design of the structure.

The calculation of a MERO spatial 
framework is carried out with the 
usual means of structural analysis 
for spatial frameworks with hinged 
joints. The design calculation of 
the joints and bars is defined by 
the MERO approval that is based 
on DIN 18800. Spatial frameworks 
are able to activate a biaxial load 
transfer, if supported appropriately. 
In comparison to a  planar structure, 
the deformation and forces within 
the cross-sections are reduced 
considerably, thereby providing a 
light and thus economical system. 

Mero-TSK has focussed on RSTAB as 
the framework program for years. 
The Ferrari World Theme Park has 
been designed with RSTAB 6, for only 
this version could handle the very 
large amount of bars at that time.

Mero-TSK used specially developped 
preprocessors for the creation of the 
geometry and generated the model 

via DXF files and the RS-COM 
inter face into the Dlubal framework 
program. 

RSTAB includes a broad variety of 
interfaces. With their help, the CAD 
originals of other applications can be 
imported. Similarly the results of the 
statical calculations can be exported, 
in design or calculation programs, 
too. Here, the use of data exchange 
with MS Excel is very common. The 
open architecture of RSTAB 6 allows 
to integrate the static software into 
the design process efficiently.

The size of the model constituted 
a particular challenge during 
this project. Due to the excellent 
cooperation between Dlubal 
Software GmbH and the staff of 
Mero-TSK, singular difficulties which 
would have been  irrelevant with a 
regular amount of bars could be 
solved fast and individually.

www.ferrariworldabudhabi.com

3D Visualisation of the Ferrari Wold 
Theme Parks (Picture: Benoy Architects)

Software 
Dlubal Software GmbH 
www.dlubal.com

Main structure in RSTAB 
(Screenshots: Dlubal)
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Software 
Dlubal Software GmbH 
www.dlubal.com

New Exhibition 
Center in Milan, Italy

Futuristic Roof 
of Steel and Glass

The new exhibition center in Milan, 
calculated with Dlubal’s analysis pro-
gram RSTAB, opened its doors in 
2005. The German company MERO 
from Würzburg is specialized in fili-
gree 3D frameworks and glass con-
structions. In the recent past MERO 
has attracted attention with some 
impressive and exceptional structures.

Roof Shape Representing 
the Alps

The Bavarian company was in charge 
of the design for the roof above the 
central axis and the service  center 
of Milan’s new exhibition center. 
The roof of the longitudinal walk, 
also called VELA (sail), has a width 
of 30 m and a length of approx. 
1,200 m. The futuristic architecture 
of the free form surfaces mirrors the 
silhouette of the Alpes which are vis-
ible in the background of the premis-
es. The roof is divided into twelve in-
dependent sections. A second con-
struction forms the roof of the ser-
vice center. The outlines of the roof 
surface of the second building are so 
striking that they were used for the 
logo of the Milan exhibition. That is 
why the building is also called LOGO.

Interfaces Used Efficiently

One of the major challenges was to 
transform the outlines specified by 
the architect into a model that could 
be calculated mechanically. The origi-
nal modeling was performed in the 
CAD systems Rhino and AutoCAD. 
Then, the mesh was exported to 
RSTAB with a DXF file. In RSTAB de-
signers defined the geometry and 
loading. They also used in-house pro-
grams, for example for the adjust-
ment of member rotations and for 
the load creation. The software they 
used was interacting with RSTAB by 
an ASCII interface using text files or 
Dlubal’s programmable COM inter-
face RS-COM.

Flexibility of Connections 
Modeled with Member 
End Springs

The framework was calculated ac-
cording to second-order analysis 
 taking into account imperfections. 
In order to specify stiffness condi tion 
as realistically as possible, flexi bilities 
of the bolted connection nodes 
were determined in several tests. In 
this way spring stiffnesses were de-
termined which could be applied 
very easily and directly as member 
end springs in RSTAB. The stress de-
sign was performed with the add-on 
module STEEL directly  integrated in 
the RSTAB program package. Other 
Dlubal add-on modules used for the 
design were RSBUCK, RSIMP, DYNAM, 
EL-PL and LTB.

www.fieramilano.it/en

Kindly supported by Mero-TSK. 
www.mero.de/index.php/en

Steel construction of central axis (Photo: Mero-TSK)

A segment in RSTAB (deformations)

LOGO of the new exhibition center 
as RSTAB model (Screenshots: Dlubal)
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Allianz Arena during construction: the first ETFE cushions for the facade are applied 
Source: München Stadion GmbH (Photo: Allianz Arena, B. Ducke)

Facade of the Allianz 
Arena in Munich, 
Germany

The Allianz Arena in the north of Mu-
nich was the location for the opening 
game of the FIFA World Cup in 2006. 
The soccer stadium is considered a 
new landmark of the Bavarian capital. 
The translucent facade gives the arena 
a very special character due to differ-
ent coloring levels. The planning and 
especially the structural dimensioning 
represented challenging tasks for the 
engineers involved.

Construction and Dimensions
The exterior of the Allianz Arena in 
Munich is a steel construction cover-
ed with ETFE cushions. It consists of 
a spatially curved framework joint-
lessly enclosing the entire outside of 
the solid construction in the shape 
of an ellipse, at a height of 12.40 m 
to 43.75 m above playing field lev-
el. The ellipse has a radius of 130 m 
and 115 m respectively, the circum-
ference is about 810 m. The essen-
tial structural component of the steel 
construction is a rhomb-shaped steel 
grating. The grating is mainly sup-
ported by radially arranged brackets 
restrained to the solid construction 
and the primary steel. The brackets 
are connected with releases to the 
steel grid.
The covering of the ventilated fa-
cade is based on 768 rhomb-shaped 
ETFE cushions which are pneumati-
cally supported and fixed to rectan-
gular pipes. The exterior is composed 
of eight cushion rings, with 96 cush-

ions forming a single ring around the 
entire stadium. Each cushion is at-
tached to two horizontal and two di-
agonal frame members. Due to the 
jointless design and layout of the 
girder grillage it was possible to carry 
out an effective cushion detailing.

Requirements for Structural 
Calculation
Thus, when the structural system 
was developed, designers focused on 
the minimization of loadings arising 
from restraint forces within the steel 
structure. Major causes for these ef-
fects due to restraint are differences 
in temperature within the steel con-
struction as well as the motion of the 
solid construction built in eight con-
struction stages being uncoupled 

from each other. In order to reduce 
the restraints, axial force releases are 
introduced in almost every point of 
intersection of the grating.
The extent of deformation for the 
axi al force releases is reduced so 
that the mounted cushions won’t be 
damaged when the supporting struc-
ture is deformed. As this allowance 
for clearance is used up in the ana-
lyzed load combinations, some re-
leases are striking against the struc-
ture producing connections which 
are rigid for axial forces at the corre-
sponding locations. In order to repre-
sent the complex structural behavior, 
an iterative calculation according to 

second-order analysis was performed 
taking into account the stress-free 
factory design on the total structure.

www.allianz-arena.de/en

Kindly supported by Christian 
Würfl and Gerhard Fessler, project 
managers for Allianz Arena at form 
TL in genieure für tragwerk und 
leichtbau GmbH. 
http://www.form-tl.de/en/home.html

Framework model of Allianz Arena (Screenshot: Dlubal)

Software 
Dlubal Software GmbH 
www.dlubal.com
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Software 
Dlubal Software GmbH 
www.dlubal.com

Eden Project 
in Cornwall, 
United Kingdom

The Eden Project is one of the mil-
lennium buildings in England. As 
the “world‘s largest greenhouse“ it 
 represents one of the major tourist 
attractions today in Cornwall. A cal-
dera with a depth of 50 m, roofed 
with domes, became the home for 
thousands of outstanding plants. The 
greenhouse maintains three  global 
climate zones, representing the  vital 
and mutual relationships between 
plants, humans and resources

The “Eighth Wonder of the World“ 
opened its doors in March 2001, 
with future extensions planned. 
A James Bond film is also a reason 
why this remarkable construction 
became very well-known.

Structure

The architectural implementation of 
Tim Smit’s vision was carried out by 
MERO-TSK with Nicholas Grimshaw 
and Partners in London after some 
preliminary calculations. The green-
house block consists of four  geodesic 
domes (Buckminster Fuller) which 

 intersect each other. Double-walled 
ETFE cushions form the domes’ 
 roofing.

The supporting structure consists 
of hexagonal steel pipe elements 
which are standardized. Altogether 

they cover an area of 23,000 m². 
The  maximum dome height is 50 m, 
and the maximum dome diameter is 
125 m.

Modeling with RSTAB

First the structural system was  created 
using a CAD model, and then it was 
imported to RSTAB. The RSTAB  model 
contains all in all 2,525 nodes and 
7,545 members, 2 materials and 49 
cross-sections. The structure’s total 
weight is 340 tons.

The combination of load cases and 
their superposition was performed in 
accordance with the British Standard 
BS 5950. The framework was calcu-
lated according to second-order 
analy sis in different load groups. 
Then the structure was designed 
in the add-on modules.

www.edenproject.com

Kindly supported by Mero-TSK. 
www.mero.de/index.php/en

Eden Project in Cornwall: Tropical and Mediterranean greenhouse (Photo: Mero-TSK)

RSTAB model with the four intersecting geodesic domes (Screenshot: Dlubal)
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The Baden House 
of the Farmers in 
Freiburg, Germany

The new headquarters of the 
Farmers’ Association of Baden (BLHV) 
is unique. The timber construction is 
protected by a glass façade to coun-
teract graying caused by weather 
conditions.

Although the architects of the 
Werkgruppe Lahr have sufficient ex-
perience in timber construction, the 
wooden house with the glass clad-
ding has been a “model project” for 
them. The four-story building offers 
more than 100 workplaces within a 
2,000 m² office space.

Structural analysis of the solid timber 
construction was done by a Dlubal 

customer, Göppert Bauingenieure 
from Lahr, Germany.

Construction

The “Haus der Bauern” in Freiburg 
has the outer dimensions L x W x H 
= approx. 55 m x 18 m x 14 m. 
Inside the building, a staircase core  
made of reinforced concrete serves as  
structural stiffening. Apart from that,  
timber has been almost exclusively 
used for the supporting structure: 
the walls, columns and binding gird-
ers consist of glued laminated timber, 
the ceilings of cross laminated timber 
plus an 8 cm concrete layer.

The shear connection between the 
20 cm thick wooden ceiling and the 
concrete is ensured by diagonally 
inserted FP connectors. From a struc-
tural point of view, this hybrid solu-
tion has the advantage that the 
effectiveness of the ceiling panel to 
transfer horizontal loads is improved. 
In addition, the concrete good noise 
insulation.

The exterior wall structure ensures 
good thermal insulation: 20 cm 
solid timber wall, 20 cm non-flam-
mable mineral wool and 8 cm lami-
nated spruce as the façade. And 
at a distance of 14 cm, the glass 
construction is placed in front.

For this project, costing 8 million 
Euros, approx. 3,000 m³ spruce 
wood and approx. 2,000 m³ silver 
fir were used for the construction.

Client  
Farmers‘ Association of Baden  
(BLHV), Freiburg 
www.blhv.de

Architect  
Werkgruppe Lahr 
www.werkgruppe-lahr.de

Structural engineering 
Göppert Bauingenieure 
www.gbi-statik.de

Software 
Dlubal Software GmbH 
www.dlubal.com

The “Haus der Bauern“ in Freiburg with its eye-catching glass façade 
(Photo: Werkgruppe Lahr)

RFEM model of the “Haus der Bauern“ (Screenshot: Dlubal)
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Amphitheatre in Bytom, 
Poland

A new extraordinary outdoor thea-
tre was opened in Bytom, Poland, in 
August 2014. From a structural en-
gineering point of view, the building 
consists of two parts (a theatre stage 
and a backstage) geometrically 
interconnected together by a spatial- 
shaped roof, providing a remarkable 
design of the building.

Structure of 
Theatre Stage

The curved roof structure of the 
theatre stage is comprised of ten lon-
gitudinal frames of glued-laminated 
timber with various shapes that are 
hinge connected to the supporting 
walls of reinforced concrete. The 
frames have a thickness of 100 mm 
and a variable cross-section from 600 
to 1030 mm and a camber rise from 
3700 to 6450 mm, and they bridge a 
distance of 18 m in the longitudinal 
direction. The distance of the frames 
in the transverse direction is 1.2 m. 
The frames in both the longitudinal 
and transverse direction are arranged 
as squares and coffers with a wooden 
reinforcing system of diagonal crosses 
securing the stability in the trans-
verse direction. The entire structural 
arrangement of the members and 
particularly the connections were 
designed with the maximum 
respect to the clear visual aspect 
of the structure as a whole.

Structure of Backstage 
(Dressing Rooms)

The wall structure is designed 
in a “Two by Four” system with 
constructional gypsum fibreboard. 
For the roof structure over the 
backstage, a combination of the 
two technologies is used. The visible 
part includes the same system of the 
glued-laminated timber elements 
as the main theatre stage. The non-
visible part consists of trusses with 
nail plates.

The program RFEM was used for 
the structural model considering 
all nonlinearities of the members 
and foundation properties. When 
designing the theatre, RFEM was 
effectively used together with the 3D 
timber construction software SEMA.

Architectural design  
Łukasz Pluta, mgr inż. arch.  
www.plus8.pl/en
Structural design and analysis 
Ing. Zbyněk Šrůtek 
www.timberdesign.cz
Timber construction 
KASPER Polska Sp. z o.o. 
kaspercz.cz/en
Software 
Dlubal Software GmbH 
www.dlubal.com

Construction of Amphitheatre in Bytom 
(Photos: Ing. Šrůtek)

Amphitheatre model in RFEM (Screenshot: Ing. Šrůtek)

Timber structure from bottom view
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Gazebo for War Veterans  
on MUH premises in 
Prague, Czech Republic

A new gazebo on the premises of the 
Military University Hospital in Prague 
was inaugurated on Monday, May 
12th 2014. The gazebo is primarily 
a gift for war veterans.

Dlubal customer Ing. Zbyněk Šrůtek 
was responsible for the structural 
design and analysis of this timber 
structure.

Structure

The circular gazebo with a radius 
of 8.2 m is radially divided into 
25 sections. 

The 140 x 400 mm frame beams 
come together at a circular solid 
wood ring with a radius of 1.1 m. 
Every other beam is supported by 
a column in the internal ring of 
columns and along the perimeter 
every beam is supported by 
140 x 260 mm columns (hidden 
connections). 

The two beams at the main entrance 
are supported by two adjacent 
frames. Because of the unique 
structural design of the central 
ring assembly, it was possible to 
produce this compression 
element solely 

Architectural design  
Ing. arch. Ivan Březina 
Ing. arch. Václav Matějka 
MEPRO s.r.o. 
www.mepro-atelier.cz
Structural design and analysis 
Ing. Zbyněk Šrůtek 
www.timberdesign.cz
Software 
Dlubal Software GmbH 
www.dlubal.com

Construction of Gazebo for war veterans (Photos: Ing. Šrůtek)

Structure of the central ring

Model of the Gazebo structure in RFEM (Screenshot: Ing. Šrůtek)

from the standardized glued lami-
nated timber sections, from which 
the individual segments, including 
the connection points for the particu-
lar beams, were manufactured using 
CNC machines. 

The design is different from the com-
mon practice in which the central 
solid ring would be made of a steel 
weldment and covered with timber 
for visual reasons. 

Tension in the perimeter is trans-
ferred by the external ring of the 
25-sided polygon, where is a system 
of embedded metal sheets connected 
to the timber by self-drilling dowels. 
The spatial stiffness in the roof plane 

is secured by the allover boarding 
which consists of roofing battens 
and sterling boards (OSB). Steel ties 
stabilize the structure in the vertical 
plane. The structure is anchored to 
the reinforced concrete foundations 
by hidden steel footings.

The structure was awarded the 
Timber Structure of the Year 2013 
in the category Designs - Experts’ 
Choice.
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AIR House: 
Czech Student Team 
Took 3rd Place in 
Solar Decathlon 2013

The student team from the Czech 
Technical University (ČVUT) in Prague 
took third place overall in the Solar 
Decathlon 2013, an engineering 
competition which is organized 
biennially by the U.S. Department of 
Energy. The competition challenged 
20 collegiate teams from around the 
world to design, build, and operate 
an energy-efficient solar-powered 
house. The ČVUT team was the first 
Czech participant in this prestigious 
contest. The students chose RFEM, 
Dlubal‘s FEA program for structural 
analysis, to design the competition 
house.

The Solar Decathlon 
Competition

The objective of the Solar Decathlon 
is to promote innovative architecture 
which is sustainable, energy-efficient 
and with low operating costs. Each 
house originated on the premises 
of the respective university and was 
then transported to the USA for the 
final exhibition. The scene of the 
competition was the Orange County 
Great Park in Irvine, California where 
the decathlon took place for the sixth 
time.

The students from each competition 
team managed their project indepen-
dently. They provided the financing, 
designed the buildings, built the 
houses and organized the transporta-
tion to the USA. Therefore, the Czech 
team consisted of students from dif-
ferent faculties such as architecture, 
civil and mechanical engineering, etc.

Architecture, structural analysis, 
planning and construction 
Student team of 
Czech Technical University (ČVUT) in Prague 
www.cvut.cz
Software 
Dlubal Software GmbH 
www.dlubal.com

The “AIR House“ at the exhibition area 
in Irvine, California (Photo: ČVUT)

The “AIR House“

The concept of the Czech team‘s 
competition house, called the “AIR 
House“, combines minimal interior 
dwelling space with generous exte-
rior space. The aim was to maximize 
the functional units outside the air-
conditioned space and thus to mi-
nimize energy that is necessary to 
maintain the interior comfort.

The students built an energy-effici-
ent, mostly recyclable and healthy 
house which positively affects the 
quality of life of its inhabitants. The 
main supporting structure is formed 
by cross laminated timber panels 
combined with massive timber pa-
nels, which are made with chemical-
free, untreated timber from forests 
with PEFC certification. The panels 
do not emit any harmful substances 
and create a pleasant microclimate. 
Panels with visual quality are applied 
in the interior. In this way, subse-
quent recycling is facilitated and the 
presence of a wooden surface ap-
peals positively to the human psyche 
and creates a comfortable and warm 
atmosphere.

www.airhouse.cz

Analytical model of the 
“AIR House“ in RFEM 
(Screenshot: Dlubal)
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Crossrail Station in 
Canary Wharf London, 
United Kingdom

A unique wooden structure is located 
in the heart of London since the end 
of March 2014. In a period of just 
six months, the Austrian company 
WIEHAG built the roof with a total 
length of 300 m for the Crossrail rail-
way station situated in the business 
district Canary Wharf. Crossrail is a 
railway and infrastructure construc-
tion project in Greater London which 
is to be completed by 2018. The cost 
for the entire project with its route 
network, which is about 100 km 
long, is estimated at approximately 
18 billion euros.

WIEHAG was not only responsible for 
the construction work but also for 
the planning and structural analysis 
of the timber grid roof. The structural 
calculation of the beam structure 
including altogether 1,414 beams 
consisting of glued laminated timber 
as well as 111 steel pipes was 
performed in RSTAB.

Structure

In its cross-section, the roof struc-
ture of the station building can be 
described as a semi-ellipse. The arc 
spans freely over a width of about 
31 m. Coupled triangles form the 

mesh structure of the load-bearing 
shell. With a regular grid of 6.0 m, 
the timber structure is supported at 
the nodal points.

At both ends of the longitudinal 
sides, the roof cantilevers spectac-
ularly 30 m over the water surface. 
There, round steel pipes running par-
allel to the diagonal timber beams 
form the end of the roof. These 
so-called end ring beams are double 
curved and have an architectural 
function in addition to strengthening 
the structure.

A major engineering challenge was 
the design of the nodal points con-
sisting of steel. They were represented 

and calculated as finite element mo-
dels in RFEM. The structural steel 
parts had to be made with a high 
degree of accuracy in order to keep 
the tolerance compensation as low 
as possible at the construction site.

The roof covering consists of mem-
brane cushions. In the central area, 
however, the roof is open to facilitate 
the natural watering of a park 
created inside.

The Crossrail station in Canary Wharf 
is one of the largest timber construc-
tion projects in Great Britain, repre-
senting another architectural high-
light for the city of London.

Building owner 
Canary Wharf Contractors 
(Crossrail) Ltd. 
www.canarywharf.com
Design architect 
Foster & Partners 
www.fosterandpartners.com
Executive architect 
Adamson Associates 
www.adamson-associates.com
Structural engineer overall project 
+ test engineer roof structure 
Arup 
www.arup.com
Planning, structural analysis and 
construction for roof structure 
WIEHAG GmbH 
www.wiehag.com/en
Software 
Dlubal Software GmbH 
www.dlubal.com

Crossrail Station Canary Wharf during construction stage (Photo: WIEHAG)

RSTAB model of Crossrail Station Canary Wharf (Screenshot: Dlubal)
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Tented Roof Structure 
for Detached House, 
Austria

A single-family home with a remar-
kable roof structure stands in Upper 
Austria since 2014. The circle in the 
center of the building is spanned 
by a tented roof built as a visible 
wooden structure. Together with the 
light-flooded glass facade, it is a real 
eye-catcher.

Two Dlubal customers were engaged 
in this project. The German engineer-
ing office Wagner used RSTAB to 
perform the structural analysis for 
the roof structure. WIEHAG GmbH 

from Austria was responsible for the 
timber construction.

Structure

The center symmetrical tented roof 
has 12 roof areas. Its shape is based 
on two glued laminated timber rings, 
a round one outside and an octa-
gonal ring inside. Twelve hip rafters 
form the main beams of the roof 
structure. The valley and jack rafters 
transfer the roof loads from the 
external ring to the hip rafters. The 
connections were carried out with 
slotted sheets as the roof is a timber 
structure with wooden elements 

Top view in shell state of roof (Photo: IB Wagner)

Structural and physical model in cadwork 
(Screenshot: IB Wagner)

Dipl.-Ing. S. Wagner:
“The data exchange between 
cadwork and RSTAB ran smoothly.“

RSTAB model of tented roof connecting two pergolas (Screenshot: Dlubal)

intended to be seen. The timber roof 
is supported by steel columns consi-
sting of rectangular and square hol-
low sections.

First, the structure was modeled in 
cadwork. Then, it was imported to 
RSTAB using the interface. IB Wagner 
used the add-on modules TIMBER 
Pro, STEEL, EL-PL and RSBUCK for the 
design of the frame structure.

Architect 
VINI SIXTUS 
www.vinisixtus.at
Master builder work 
Baumeister Humer GmbH 
www.humer-bau.at
Timber construction 
WIEHAG GmbH 
www.wiehag.com/en
Structural engineering 
of roof structure 
Ing.-Büro Wagner GmbH 
Gangkofen, Germany
Software 
Dlubal Software GmbH 
www.dlubal.com
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Ice Hockey Arena in 
Jičín, Czech Republic

The new ice hockey arena in the 
Czech town of Jičín replaces the old, 
no longer modern outdoor stadium. 
The arena does not only serve as a 
venue for the local ice hockey team 
but also opens its doors for schools 
and the community. The Dlubal cus-
tomer WIEHAG GmbH used RSTAB to 
calculate the impressive, column-free 
roof structure consisting of truss 
girders made of glued laminated tim-
ber. Moreover, WIEHAG was responsi-
ble for the production and construc-
tion of the roof structure.

Structural System

The roof construction built up of 
glued laminated timber GL28c has 
the following dimensions: length - 
72 m, width - 42 m, height - 11 m.

The principal roof truss is composed 
of seven three-hinged frames 
arranged in a spacing of 5 m, each 
with curved corners and a span 
length of 42 m. Seven half-frames 
with a span length of 21 m stand at 
both ends of the hall. They are con-

nected in a star shape to the exterior 
main frames.

The secondary framework structure 
consists of single-span purlins which 
are attached to the frame. The roof is 
stiffened by the frames in transversal 
direction and by steel bracing in lon-
gitudinal direction.

The complete timber construction 
has been assigned to service class 2. 
All structural timber components 
have the fire resistance class 
F 15, the structural steel parts have 
F 0. The ice hockey arena opened its 
doors at the end of 2011.

Building owner 
Town Jičín  
www.mujicin.cz
Planning 
BFB studio s.r.o. 
www.bfbstudio.cz
Construction work 
Kasper CZ s.r.o. 
kaspercz.cz
Structural calculation 
TOBRYS s.r.o. 
www.tobrys.cz
Structural analysis for 
timber construction 
WIEHAG GmbH 
www.wiehag.com/en
Software 
Dlubal Software GmbH 
www.dlubal.comGraphical representation of deformation in RSTAB (Screenshot: Dlubal)

Half frame connection on the exterior main frame

Interior view of ice hockey arena (Photos: KASPER CZ s.r.o.)
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Saldome2 
in Rheinfelden, 
Switzerland

In May 2012, the new Saldome2 of 
the Swiss company Salt Works on the 
Rhine AG was officially put into oper-
ation. With a span length of 120 m 
and a height of 31.6 m the salt stor-
age is the biggest dome  construction 
in Europe. It was designed and built 
by Häring, a Swiss company special-
ized in timber technology. The struc-
tural analysis was performed by 
Häring engineers, R. Schneider and 
C. Zihlmann, using the Dlubal 
programs RSTAB and TIMBER Pro.

Huge Salt Storage

With a base area of 11,300 square 
meters, Saldome2 is about the same 
size as two football pitches. Thus, 
it is almost twice as big as the first 
dome construction Saldome1 put 
into oper ation in August 2005. 
It is possible to store more than 
100,000 tons of road salt inside the 
new Saldome2. The base area of the 
salt storage has a  circumference of 
377 meters. 

Structural Concept 
“Häring-Ensphere“ 

The shell structure of the Saldome2’s 
structural system is a radical depar-
ture from traditional methods of 
construction. Ch. Häring calls his 
 concept the “Häring Ensphere“ (from 
American English: a spherical form 
enveloping a space). It is based on 
the fact that every detached and 
double curved type of construction 
spans the internal space above a ring 
foundation so that the room created 
inside can be used absolutely freely.

The lamella arch structure made of 
glued laminated timber consists of a 
primary and a secondary framework 
structure. In total, the construction is 
composed of 894 structural elements 

which are supported by 48 founda-
tions and connected by 163 nodes 
(two connection points per node). 
The individual elements of the dome 
were rigidly bolted using 4,272 bolts 
(eight bolts for each main beam). 
The  result is a high-capacity structure 
rivaling steel and concrete construc-
tions with regard to efficiency and 
cost-effectiveness.

The entire structural system was can-
tilevered (built without scaffolding) 
by using aerial work platforms. That 
is why separate analysis models were 
used to analyze the high number of 
resulting construction stages.

www.saldome.ch

Model of Saldome2 in RSTAB 
(Screenshot: Dlubal)

Saldome2 during construction stage (Photo: Häring)

Building owner 
Schweizer Rheinsalinen AG 
www.salz.ch/en
Planning 
Häring und Co. AG 
www.haring.ch
Structural engineering and design 
Häring Projekt AG
Construction of structural system 
Häring Holz- und Systembau AG
Software 
Dlubal Software GmbH 
www.dlubal.com
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G3 Shopping Resort 
in Gerasdorf, 
Austria

In Gerasdorf, a municipality in the 
north of Vienna, the G3 Shopping 
Resort has been built. It represents 
the largest construction project that 
has ever been announced for cross 
laminated timber, being the biggest 
construction site for timber in 
Europe. More than 8,000 m³ of 
cross laminated timber and approx. 
3,500 m³ of glued-laminated beams 
were used for the construction work.
Both the architecturally  sophisticated 
design and the complex  structural 
calculation are penned by the Austrian 
Dlubal customer ATP Architekten und 
Ingenieure from Vienna. The structural 
analysis was created under the leader-
ship of Gustav Trefil.
The building is Austria’s largest shop-
ping center that has ever been built 

in one building phase. Its opening 
was planned for summer 2012.

Giant Wave Made of Timber
The project’s architectural as well as 
structural highlight is the huge 
timber roof rolling across an area 
of 60,000 m², spanning the build-
ing like a giant wave. It has been 
designed by the Austrian company 
Graf-Holztechnik. The primary con-
struction consisting of heavy glulam 
beams is based on steel and 
rein forced con crete columns with a 
height of up to 20 m. The structure 

supports the record amount of ap-
proximately 8,000 m³ of cross-lami-
nated timber slabs. The three- and 
five-layer panels have a thickness of 
12 to 24 cm and a span length of up 
to 10 m. Designers have calculated 
the thickness for each slab in order 
to dimension the construction as 
slender and efficient as possible.

Part of the structure designed in RSTAB 
(Screenshot: Dlubal)

Interior view of roof construction consisting of timber (Photos: ATP)

Aerial view of Shopping Resort Gerasdorf 
during construction

Environment-Friendly 
and Visually Appealing
The project’s energy balance is really 
impressive. Due to the use of timber 
as construction material, more than 
23,000 t of CO2 has been saved.
Because of the high roof level 
(up to 20 m) the timber structure 
was in stalled and “ground in industry 
quali ty“ in order to obtain the ideal 
bal ance between costs and visual 
appearance. The timber construction 
is largely visible, making a significant 
contribution to the desired feel and 
comfort factor of the Shopping Resort.

Building owner 
HY Immobilien Ypsilon GmbH 
Vienna, Austria
Main contractor 
Leyrer + Graf Baugesellschaft GmbH 
www.leyrer-graf.at
Timber construction 
Graf-Holztechnik GmbH 
www.graf-holztechnik.at/en/index
Planning 
ATP Architekten und Ingenieure 
www.atp.ag/integrated-design
Software 
Dlubal Software GmbH 
www.dlubal.com
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Metropol Parasol  
in Seville, Spain

The Metropol Parasol was built in 
the historic center of Seville in Spain. 
Under its roof the building combines 
an archeological excavation, a market 
hall, an urban open-air venue and an 
extraordinary shadow construction 
made of timber, with an integrated 
restaurant and walks offering 
wonderful views over the town. 
The structural system is a hybrid 
construction consisting of timber, 
concrete, steel and composite steel.

Timber Construction with 
Panels Made of Laminated 
Veneer Lumber

The most interesting and impressive 
part of the Metropol Parasol is the 
accessible timber construction which 
is 150 m long and up to 28 m high. 
It consists of multi-layer glued timber 
panels of the LVL type Kerto-Q (pro-
duced by the Finnforest company). 
Some structural innovations had to 
be made for the implementation, for 
example the polyurethane coating 
which is 2 to 3 mm thin, the connec-
tion details optimized for mounting 
and the annealing of the epoxy resin 
used for gluing threaded bars in 

place, which was performed for the 
first time in timber constructions. The 
annealing became necessary to raise 
the safety level because more than 
60°C is reached in summer inside the 
timber structure. Both the structural 
engineer and the timber construction 
company decided on a connection 
system with glued-in tension bars 
representing a way of connecting 
elements appropriate for achieving 
a high load bearing capacity but 
which is at the same time of 
relatively low weight.

The timber construction consists 
of approx. 3,400 individual parts 
with a total of 2,500 m³ of panels 
made of laminated veneer lumber 
used for the construction work.

Stress Analysis with RFEM 
in Timber Panels 

As the panels are connected with 
releases in the intersection points 
around the vertical axis, the internal 
forces from the bearing capacity of 
plates are almost always negligible. 
Normally, the stress design is reduced 
to the stresses occurring within the 
plane of the timber sheet. The timber 
cross-sections in the branching points 
where the timber gridshell is divided 

into a top and a bottom part were 
designed by Finnforest using RFEM 
and FE sheet models.

www.metropolsevilla.com

Design of a panel of circa 4 m x 6 m in RFEM (Screenshot: Dlubal)

Metropol Parasol in Seville 
(Photo: Finnforest)

Building owner 
Ayuntamiento de Sevilla 
www.sevilla.org
Main contractor 
SACYR S.A.U. 
Sevilla, Spain
Architecture 
J. Mayer H. 
www.jmayerh.de
Structural planning 
Arup 
www.arup.com
Timber construction 
Metsä Wood (formerly Finnforest) 
www.metsawood.de
Timber construction, detailed 
structural analysis and design 
Finnforest, Aichach, together with 
Harrer Ingenieure, Karlsruhe, 
PBB Ingenieure, Ingolstadt, 
APU engineering, Braunschweig, 
Wevo Chemie, Ostfildern, 
Borimir Radovic, Knittlingen
Software 
Dlubal Software GmbH 
www.dlubal.com
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Building owner 
Kasseler Verkehrsgesellschaft AG 
www.kvg.de
Architect 
Pahl + Weber-Pahl Architekten BDA 
www.pahl-architekten.de
Structural planning 
osd – office for structural design 
www.o-s-d.com/en
Construction work 
Grossmann Bau GmbH & Co. KG 
www.grossmann-bau.de
Software 
Dlubal Software GmbH 
www.dlubal.com

Structure and deformation in RSTAB 
(Screenshot: Dlubal)

RegioTram station during construction phase (Photo: osd)

RegioTram Station 
in Kassel, Germany

When the German RegioTram was 
connected to the central station in 
Kassel, a tunnel was built under the 
main station, and thus it became a 
junction of regional transport for 
the entire region. The RegioTram is 
a light rail system in Kassel and sur-
roundings. The German Dlubal cus-
tomer osd Ingenieure from Frankfurt 
am Main was in charge of the struc-
tural planning for the tram station.

Platform Roof 
Without Columns 
The framework design reveals a light 
and filigree timber-steel construction 
able to span three train platforms 
without requiring columns, which 
makes the structure visually quite at-
tractive. On the one hand, choosing 
the shape of a semi ellipsoidal head 
allows for preserving the overall 
system of power lines in the train 
station and for using common over-
head lines in the station area. On the 
other hand, the whole construction is 
in line with the shape of the barrel 

roof structures of the existing station 
roofs. 

Barrel Shell Based 
on Building Method 
of Friedrich Zollinger 
The roof‘s structural model consists 
of a barrel shell made of timber la-
mellas whose loads are concentrated 
and introduced into the reinforced 
concrete trough across a construc-
tion built up of steel box sections. 
The timber structure was built as a 
Zollinger roof represented by a sin-
gle-curved lamella construction for 

which the members were arranged 
in a rhomb-shaped structure, each 
member length running over two 
fields.

The main difference in comparison 
to Zollinger‘s construction method is 
the bending-resistant design of nodal 
points. Due to the flat shell geometry 
the transfer of major bending mo-
ments into nodes was required. For 
this reason a new assembly system 
was developed: a plug-in connection 
with glued-in dowels. This system 
was specified in a detail template 
that could be applied to all nodes. 
The roof finishes won the award of 
the timber construction competition 
2008 in Hessen, Germany.
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Oscillogram as template for floor plan

Modeling & structural planning 
Department for civil engineering at  
the University of Applied Sciences  
Koblenz 
www.hs-koblenz.de
Software 
Dlubal Software GmbH 
www.dlubal.com

Gazebo of FH Koblenz at the BUGA 2011 
(Photo: Prof. Dr.-Ing. Feyerabend)

Gazebo model in RSTAB (Screenshot: Dlubal)

Echolot – Biomimic 
Gazebo at the 
German BUGA 2011

The German Bundesgartenschau BUGA 
2011 took place in Koblenz and could 
be visited from April to Oc tober 2011. 
The gazebo called “Echolot“ referring 
to the echo sound ing used to measure 
distances has already become a real 
crowd puller. The walk-in structure 
was built by the University of Applied 

Sciences Koblenz and consists of ap-
proximately 6,000 members made of 
Douglas fir. 

Floor Plan Based on 
Echolo cation Calls from Bats 

In the course of the construction 
works required for the Federal Horti-
cultural Show, it had been necessary 
to step into the bats’ biotope. The ul-
timate ambition was to act cau ti ous-
ly. The university of Koblenz took on 
the subject when preparing the pro-
ject’s basis, designing the gazebo 
according to bionic principles. The 
structure’s floor plan represents the 
sound pressure level in relation to 
the time of the echolocation calls 
sent by native “nyctalus“ bats. As hu-
mans are not able to hear these calls, 
they were represented in an oscillo-
gram, using music processing soft-
ware in preparation of the design.

Based on the echo floor plan, a two-
layer structure, suspended and sup-
ported, was modeled by means 
of the program system “EASY“. 
Structural shapes of this kind are fre-
quently seen in nature because they 
are transferring loads in an optimal 
way. The suspension structure, sepa-
rated in parallel sections, was divided 
into three planes set to each other 
in an angle of 60°. In this way, trian-
gle and hexagon grids often appear-
ing in nature (honeycombs, diatoms, 
shapes of blossoms etc.) were gener-
ated being spatially stable. The mesh 
grid’s refinements, also following the 
principles of nature, comply with the 

Prof. Dr.-Ing. Manfred Feyerabend 
from the university in Koblenz, 
project manager of the Echolot 
gazebo: “The entire planning 
is based on a continuous digital 
workflow.“

size of the static stress occurring 
in the respective structural field. 
The material choice of the supporting 
structure fell on timber which is a 
renewable and natural substance. 
It can be recycled and has a positive 
life cycle assessment. In addition, 
it was important that the students 
them selves were able to set up and 
remove the timber construction.

Modeling and Calculation 
in RSTAB

The generated cut lines were import-
ed to RSTAB via DXF interface. In 
each section plane a member mesh 
was generated, consisting of upper 
chord, lower chord and diagonal 
web members. Subsequent to the 
applica tion of loads the structure 
was calcu lated. Then each of the sec-
tion planes (approx. 100) was trans-
ferred to Nemetschek Allplan where 
the final planning was performed. 
Even the RSTAB model was exported 
to the visualization program Cinema 
4D where it was edited graphically.
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Timber facade in RSTAB 
(Screenshot: Dlubal)

Waterside Theatre 
(Photo: Finnforest)

Waterside Theatre 
in Aylesbury 
Near London, 
United Kingdom

In October 2010, the Waterside The-
a tre opened its doors in Aylesbury 
near London. The structure was 
designed by the Arts Team London, 
represented by the people from 
RHWL Architects who are specialized 
in constructions of arts and culture. 
The town‘s new emblem mirrors in 
its floor plan and roof structure the 
shape of the “Chiltern Hills“ in South 
East England.

The bar-shaped timber columns in 
the inside and outside area refer to 
the depths of the forest. The facade 
construction whose supporting struc-
ture is out of doors, which means 
that the building‘s envelope is 
actually built inside (reversed facade), 
describes a floor plan having the 
shape of a peanut with six different 
radii of curvature. As the basement 
and the edge of the roof are running 
wavelike around the building, each 
column is unique.

Timber Construction 
“Made in Germany“ 
The timber construction company 
Finnforest Merk in Aichach, Germany, 
was in charge of the design 
for the specially manufactured 
timber-glass-facade, the acoustic 
ceiling and roof elements as well as 
the exposed columns made of larch 
glued-laminated timber.

The German engineering office pbb 
GmbH in Ingolstadt was responsible 
for the structural analysis and plan-
ning of the timber structure. The 
team developed standard connec-
tions with special modifications for 
respective situations in order to meet 
for example the requirements of the 
architects who wanted the timber 

connections to be covered as far as 
possible.

Calculation in RSTAB 
The model was entered in Tekla 
Struc tures and exported to RSTAB by 
using the direct interface.

RSTAB calculated the roof structure 
and the timber facade construction 
consisting of more than 1,700 mem-
bers. The applied wind loads were 
quite elaborated because of the free 
form structure that is reinforced by 
external ribs. Furthermore, the verti-
cal loads from the roof structure as 
well as the restraining end moment 
from the cantilevering roof which 
may overhang up to 3 m had to be 
applied to the column head.

Building owner 
Aylesbury Vale District Council 
www.aylesburyvaledc.gov.uk
Architect 
Arts Team from RHWL Architects 
www.artsteam.com
Timber construction, project 
management, construction 
Metsä Wood (formerly Finnforest) 
www.metsawood.de
Structural planning 
pbb Planung + Projektsteuerung 
GmbH 
www.pbb.de
Software 
Dlubal Software GmbH 
www.dlubal.com
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Building owner 
Metz Metropole Community CA2M 
www.metzmetropole.fr
Architects 
Shigeru Ban Architects Europe 
www.shigerubanarchitects.com 
Jean de Gastines Architectes 
www.jdg-architectes.com
Main contractor 
Demathieu et Bard 
www.demathieu-bard.fr/en
Timber construction 
Holzbau Amann GmbH 
www.holzbau-amann.de
Structural planning for timber 
SJB.Kempter.Fitze AG 
www.sjb.ch
Software 
Dlubal Software GmbH 
www.dlubal.com

Entire structure in RSTAB 
(Screenshot: Dlubal)

Roof structure of the Centre Pompidou-Metz (Photo: SJB.Kempter.Fitze)

Centre Pompidou- 
Metz, France

With the Dlubal programs for struc-
tural analysis, RSTAB and RFEM, 
you are able to model and design 
even the most complex and extraor-
dinary structures. One example is 
the arts and cultural center “Centre 
Pompidou-Metz“ in France that 
opened its doors in May 2010. 
It is a branch of the museum of mo-
dern and contemporary arts “Centre 
Georges Pompidou“ in Paris, one of 
the most significant museums world-
wide. 

The building was designed by 
Shigeru Ban, a Japanese architect, 
and represents an oversized Chinese 
straw hat (external dimensions: 
100 m x 100 m). The girders are sym-
bolizing the straw plaited in three di-
rections, dividing the surface in regu-

lar hexagons and triangles. The hat is 
pierced by three big tubes, consisting 
of reinforced concreted, stacked on 
top of each other. The top of the hat 
is crowned by a hexagonal steel tower.

The roof structure is made of timber 
beams and consists of intersecting 
multi-layer chords. The curved 
glued-laminated beams are connect-
ed by prestressed threaded bars and 
disk springs in the points of intersec-
tion. In this way, the structural trans-
mission of forces in the joints is 
ensured by friction. The parallel run-

ning chords are connected to each 
other by plywood panels and screw 
threads. Thus, they have the effect 
of a Vierendeel truss with semi-rigid 
connections.

The complex system having approx. 
41,000 members was designed by 
the Swiss company SJB.Kempter.Fitze, 
using RSTAB and the Dlubal add-on 
modules TIMBER, DYNAM and 
RSBUCK.

The entire supporting structure made 
of steel and reinforced concrete was 
designed by means of a “simplified“ 
system in order to take into account 
appropriately the effects resulting 
from mutual dependency. To calcu-
late the internal forces in the con-
nections and structural components, 
each cord and shear plate as well as 
the joint sections had to be modeled 
with the respective spatial orienta-
tion.

The load situations were determined 
by CSTB (Centre scientifique et 

technique du bâtiment) in a com-
prehensive wind tunnel analysis. In 
addition to the self-weight, temper-
ature and live loads, the calculation 
included 96 wind load cases, 80 snow 
load cases and the resulting mem-
brane loads.
Finally, the 3D FEA program RFEM 
was used to model and design 216 
connections to the steel construction.

www.centrepompidou-metz.fr/en

Functionality of 
the timber structure
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Structural planning 
Peter & Partner 
www.ifs-peter-partner.de/eng_index.html
Software 
Dlubal Software GmbH 
www.dlubal.comDetails: connection between container 

wall and floor slab (Picture: Peter & Partner)

Analysis model in RFEM (Screenshot: Dlubal)

Industrial Filter Device

The project for designing a filter/dry-
er device including agitator required 
a complete stress and deformation 
analysis in RFEM. A special design 
challenge represented the complex 
modeling of the structure having 
1,424 surfaces, 158 solids and 425 
members.

Model Input

The filter was modeled with linear 
elastic shell and solid elements.

It consists of the following main 
structural components:

 floor slab

 filter bottom

  container wall with torispherical 
head and ring flange applied at 
bottom

 brackets on container wall

 support plate for agitator

  pipe connection and lifting 
eyes on torispherical head

 circulating serpentine pipes 

The connection of container and 
floor slab has been especially interest-
ing for the modeling process.

The ring flange was applied in the 
form of a solid element to the bot-
tom of the tank plate. 

It was fixed to the floor slab with 
53 clamping bolts M 27 which were 
uniformly distributed around the 
circum ference to ensure a constant 
prestressing force. In order to anchor 
the ring flange against the floor slab 
with defined prestress forces, a circu-
lating counter element was modeled 
as solid element on the tank wall. 
Thus, it was possible to clamp the 
container flange against the conical 
floor slab.

To reproduce this conical fastening 
in RFEM, it was necessary to define 
the contact property between these 
structural components in the analy-
sis model. 

Contact solid elements defining an 
elastic spring were distributed uni-
formly around the circumference.

Loads

The following loads were applied to 
the construction:
   design pressure for container 

-1/6 bar, heating for flat bottom 
-1/10 bar, heating coil -1/10 bar

   vertical loads due to self-weight 
and equipment

   design temperature -20/200 °C
   internal positive and negative pres-

sure with design of pressure fluctu-
ations from 0.0 to 3.0 bar for 
28,000 cycles of load according 
to AD-S1 and S2

   agitator loads for 2 millions stress 
cycles

Calculation in RFEM

Five load groups were created from 
the single load cases and the FE-mesh 
was generated. Then the internal 
forces, stresses and deformations 
were determined in RFEM. In addition 
to the general stress analysis, fatigue 
designs due to pressure fluctuations 
and agitator loading were performed.
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Extension of the 
Continuous Casting 
Plant in India

The continuous casting plant of the 
steelworks JSW ISPAT in India has 
been extended by an additional level 
as well as completed by new plant 
components and stair towers. At the 
same time, the existing construction 
has been reinforced to be able to 
absorb the additional weight of the 
new components as well as increased 
seismic loads.

Project description 
and realization

The dimensions of the plant in the 
ground plan are about 33 m x 35 m 
with a height of 15 m. The newly 
constructed upper level of the con-
tinuous casting plant is specified as 
a casting platform and is designed 
for a load of 3 t/m². On the casting 
platform, there are control rooms, 
the emergency buckets, which collect 
the liquid steel in case of failure, as 
well as crane runways and further 
handling devices.

The supporting structure consists 
of steel girders with a span of up 
to 14 m. The biggest main beams 
have dimensions of h x w = 1200 x 
600 mm with plate thicknesses of up 

to 60 mm. The construction is 
reinforced against seismic loads 
by diagonals.

In order to realize the planning of 
the extension quickly and effectively, 
the possibilities of a digitization and 
data exchange between the different 
3D planning and calculation programs 
 were used from the start. The exist-
ing construction was first captured 
with a 3D laser scanner and was 
displayed as 3D point cloud. It was 
transferred to an RFEM file using 

Customer  
Jindal South West (JSW) Steel Ltd 
www.jsw.in
General Contractor 
SMS SIEMAG AG 
www.sms-group.com/en
Customer and Construction 
Oehmichen & Bürgers 
www.oub.de
Structural planning  
Engineering office Mauss 
www.ibmauss.de/en
Software 
Dlubal Software GmbH 
www.dlubal.comContinuous casting plant of the steelworks JSW ISPAT in India (Photo: SMS SIEMAG)

RFEM model of the continuous casting 
plant with extension (Screenshot: Dlubal)

a construction program with the 
import/export function as an interme-
diate step).Thus the model was 
available as the basis for further 
testing. The structural analysis was 
performed in the add-on module 
RF-STEEL EC3 according to Eurocode 3.

For a detailed display of the results, 
the graphical tools of RFEM were 
used, for example to classify different 
categories of reinforcements and to 
display them in color in 3D graphics.
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Noise Protection Hangar 
for Airliners at Zurich 
Airport, Switzerland

Regular maintenance and repairs 
of an aircraft includes performing 
aircraft engine testing. For the 
protection of residents in nearby 
communities, Flughafen Zürich AG 
(FZAG) commissioned the planning 
of a noise protection hangar which 
goes beyond the legal requirements 
for noise protection.

The Dlubal customer WTM Engineers 
was in charge of this project, 
together with Suisseplan, Zurich, 
GAC German Airport Consulting as 
well as with LSB Gesellschaft für 
Lärmschutz and brought it to a 
successful conclusion in June 2014.

WTM Engineers calculated the spa-
tial supporting structure of the noise 
protection hangar statically with 
RSTAB and designed it with STEEL SIA 
according to the Swiss steel construc-
tion standard SIA 263.

Main Supporting Structure

The roof construction with an area of 
5,200 m² is supported by an external 
steel construction consisting of both 
spatial and flat trusses as well as sup-
port elements across a maximum 
span of 78.5 m. The hangar can ac-
commodate aircraft up to the size of 
a Boeing 747-8 with a wing span of 
68.5 meters.

The main supporting elements are 
two truss frames with ridge releas-
es which span the whole hangar and 
support it in the transverse direction. 
The frames are restrained to founda-
tion blocks on the support nodes. 

A truss girder spans the rear opening 
which is integrated into the gable 
wall. 

In the longitudinal direction, trusses 
are placed in the apex zone at the 
side walls of the enclosure which are 

Customer  
Flughafen Zürich AG 
www.flughafen-zuerich.ch

Planning Team 
Ingenieurgemeinschaft 
WTM Engineers GmbH 
www.wtm-engineers.de 
suisseplan Ingenieure AG 
www.suisseplan.ch 
with  
GAC German Airport Consulting 
GmbH 
www.gac-hamburg.de 
LSB Gesellschaft für Lärmschutz mbH 
www.lsb-laermschutz.de

Software 
Dlubal Software GmbH 
www.dlubal.com

3D model of the noise protection hangar with visualized deformations (Screenshot: Dlubal)

Noise protection hangar during construction (Photo: WTM Engineers GmbH)

attached to the main truss frames. 
They cantilever about 34 m to the 
top of the hangar.

External spatial three-chord truss 
girders are linked to the main 
supporting structure to hold the 
trapezoidal cross-sections of the roof.

With the noise protection hangar at 
the Zurich Airport, a building with 
appealing architecture has been 
created.
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Structural planning 
Peter & Partner 
www.ifs-peter-partner.de/eng_index.html
Software 
Dlubal Software GmbH 
www.dlubal.com

Support conditions of heat exchanger 
(Pictures: Peter & Partner)

Analysis model and 3rd Eigenmode in RFEM (Screenshot: Dlubal)

Fired Heater

The designed object is a heat ex-
changer to which a chimney was 
set up, a construction with an over-
all height of 60.7 m. The exchanger 
has an outside diameter of approx. 
5.5 m and a height of approx. 23 m. 
The chimney which is connected by 
means of a cone has a diameter of 
1.35 m and is 37.7 m high.

The structure mainly consists of 
sheets that were reinforced by exteri-
or steel cross-sections in the bottom 
area. The construction was furnished 
inside with a fire-resistant lining, 
though it does not keep the steel 
entirely off the generated heat. 
Therefore, the structure was design-
ed for a calculation temperature of 
+ 65°C. 

Using Dummy Rigids 
for Modeling

Stage brackets were connected in two 
levels to the chimney. As only the re-
inforcing sheets at the chimney and 
not the brackets had to be designed, 
the bracket members were modeled 
as so-called “dummy rigids“.

RFEM refers to stiff coupling mem-
bers as dummy rigids for which you 
can define releases and other member 
properties. They won’t be designed, 
but it is possible to display the inter-
nal forces.

Stress Design, Stability 
Analy sis and Vibration Design

In addition to the general stress de-
sign of the sheet metals subjected to  
pressure and the structural  sections, 
a stability analysis for the steel cross- 
sections and the entire construction 
was performed. For the complex sta-
bility analysis the engineers used the 
RFEM add-on module RF-STABILITY 
calculating data according to the ei-
genvalue calculation method. Because 
the object is built in seismic zone 1 
and the basic vibration must be be-
yond a particular range, according 
to manufacturer’s specifications, the 
add-on module RF-DYNAM was used 
for analyzing vibra tions. Moreover, 
the add-on module PLATE-BUCKLING 
was used to check if the sheet metal 
casing is sufficiently protected against 
local buckling.

Stage brackets 
as dummy rigids
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Building owner 
Eskom Enterprises 
www.eskom.co.za
General contractor 
Hitachi Power Africa Pty Ltd. 
www.hitachi-power.co.za
Sub-contractor filter system 
Balcke-Dürr GmbH 
www.balcke-duerr.de
Structural planning 
Prof. Schmidt & Partner 
www.p-s-p.de/english/about-us.html
Software 
Dlubal Software GmbH 
www.dlubal.com

Graphic showing deformation of entire structure of filter plant in RFEM

Filter Plant in Medupi, 
South Africa

The South African energy provider 
Eskom has built one of the world’s 
largest coal-fired power station, 
400 km north from Johannesburg in 
Medupi. It has a power of 4,800 MW 
and consists of six 800 MW blocks.

The power station contains 
most-modern baghouse systems used 
for dust reduction. The baghouse 
blocks, which have a modular design, 
are combined in 12 boxes each with 
2 x 7 = 14 components, every unit 
com posed of two elements (double 
box es). The six baghouse units, sup-
ported by beams, struts and columns, 
have the following dimensions:

Width: 36 m
Length: 48 m
Height: 27 m

One box of each unit is connected 
with a power station block. 

Design in RFEM 
The German engineering office 
Prof. Schmidt & Partner, a long-term 
cus tomer of Dlubal software, was 
charged by Balcke-Dürr, a German 
company producing industrial filter 
systems, to perform the structural 
analysis and calculation of the bag-
house system including flue and 
clean gas duct, supporting structure 
and staircase.

The supporting structure with  total 
dimensions of 18 m width, 48 m 
length and 27 m height was  entered 
in RFEM because it seemed to be 
useful to model the structure as a 
FEA model.

The engineers were especially chal-
lenged by South African construction 
rules and specifications as well as ap-
pliances and materials (cross-sections) 
that had to be taken into account. 

The comprehensive cross-section 
database of RFEM was very helpful 
for finding appopriate solu tions.

Furthermore, the structure was de-
signed by performing a structural 
and a dynamic analysis, including 
different temperature states and 
the load case for seismic loads.

The computational model consists 
of 5,021 nodes, 809 surfaces, 179 
cross-sections and 8,909 members.

The plant’s construction was planned 
to start in spring or summer 2011.

Sectional view of supporting structure 
in axis D (Screenshots: Dlubal)
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Structural planning 
Ingenieurbüro Jürgen Ehlenz 
www.ibehlenz.de
Software 
Dlubal Software GmbH 
www.dlubal.comSluice with flap gate

Structure of lift table

Steel Constructions 
Calculated with RFEM

In the following three projects are 
presented that have been designed 
by Dlubal’s long-standing customer 
Ehlenz engi neering office in Beckin-
gen, Germany. All structures are steel 
constructions calculated with RFEM.

Revolving Superstructure 
for Shiploader
The revolving superstructure that can 
be moved in horizontal direction 
is used to load ships. The jib can be 
lifted and lowered and has a total 
length of approx. 38 m.

The construction has the following 
dimensions:

Length: 60.0 m 
Width: 12.0 m 
Height: 30.0 m

The calculated structure consists of 
799 members including 113 different 
cross-sections. Most of the cross-sec-
tions have been determined in the 
add-on module SHAPE-THIN.

Sluice with Flap Gate
The third object is a sluice gate based 
on pressure used to control the water 
level of a weir.

The flap’s width is 7 m, the total 
width of the construction is 10.4 m. 
It is possible to dam up water to a 
maximum height of 5.6 m.

The calculated structure consists of 
3,244 nodes, 6 solids, 607 surfaces 
and 187 members with 7 different 
cross-sections.

The object has a total weight of 
approx. 20 tons and is made of 
steel S 355. 

Lift Table
The designed lift table can be moved 
vertically and is balanced by a coun-
terweight. Due to the parallelogram 
the table keeps its horizontal position 
even if the position is changed. The 
structure has a length of approx. 
18.6 m, a width of 11.4 m and a 
height of 21.9 m. The steel con-
struction applied to the table in-
cludes the installation of different 
types of equipment.

The calculated object consists of 
6,980 nodes, 182 solids, 2,845 sur-
faces and 1,703 members including 
67 different cross-sections. For the 
most part of the structure Russian 

Model of revolving superstructure in RFEM (Screenshots: Dlubal)

cross-sections in accordance with the 
GOST standard were used and selected 
from the RFEM cross-section library. 
The design was additionally perform-
ed in the RFEM add-on module 
RF-STEEL. The total weight of the 
construction including counterweight 
is approx. 1,000 tons.
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Building owner 
City of Lohmar 
www.lohmar.de

Work for superstructure 
Schaffitzel Holzindustrie 
GmbH + Co. KG 
www.schaffitzel.de/en

Design, structural analysis 
and final planning 
Schaffitzel+Miebach Faszination 
Brücken GmbH 
www.schaffitzel-miebach.com/en

Software 
Dlubal Software GmbH 
www.dlubal.com

Full view of pylon bridge across the Agger River

Clearly visible S-shape of the bridge‘s 
longitudinal girder

3D bridge model in RFEM 
(Photos, screenshot: 
Schaffitzel+Miebach)

Pylon Bridge Across 
Agger River in Lohmar, 
Germany

Since May 2013, a new S-shaped 
pylon bridge meanders across the 
Agger river near Lohmar, a town in 
West Germany. Due to its curving 
shape, the bridge reflecting the 
course of the river is perfectly 
integrated into the landscape.

However, the reason for the special 
pathway is primarily based on the 
hydraulic engineering and road con-
struction planning. The longitudinal 
slope of the bridge girder is 6 %, 
thus wheelchair users are able to 
pass the bridge without difficulty. 
Despite the slight slope, the bridge 
including freeboard lies high above 
the high-water level.

Bridge Structure

With a length of exactly 62.32 m, 
the bridge passes over the 40 m wide 
river bed. The longitudinal girder is 
guyed by two steel pylons.

The main beam with a depth of 
54 cm and a width of 160 cm is 
made of block-glued laminated 
spruce timber. It consists of five ele-
ments that are joined in the second-
ary beam zones. The individual ele-
ments are connected to each other by 
means of dowels and slotted sheets 
which are welded to the cross beams. 

The bridge has a total width of 
2.00 m and is stayed with ties of 
d=42 mm connected to 13 m high 
pylons. The horizontal forces caused 
by the cables are transferred as com-
pressive forces into the main beam. 
Thus, only vertical forces are intro-
duced into the foundations below 
the main girder.

The longitudinal girder is covered 
with natural stone slabs in order to 
protect the bridge against weather-
ing. Furthermore, its sides are coated 
with larch wood. All structural steel 
parts are hot-dip galvanized and 
color-coated. The hand rail of the 
guard railing is made of glued lami-
nated timber by Accoya®. Accoya® 
wood is subjected to compression 
and heat and is treated with acetic 
anhydride, so it absorbs significantly 
less water. 

The pylon bridge in Lohmar is 
arguably one of the most beautiful 
river bridges that have been built 
in the region of Cologne/Bonn.
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Building owner 
City of Wolfratshausen 
www.wolfratshausen.de
Design, structural planning, 
supervision 
Ingenieurbüro Robert Buxbaum 
www.ib-buxbaum.de
Work 
Schaffitzel Holzindustrie 
GmbH + Co. KG 
www.schaffitzel.de/en 
Schaffitzel + Miebach GmbH 
www.schaffitzel-miebach.com/en 
Stahl- und Maschinenbau Graf GmbH 
www.stahlbau-graf.de 
Krämmel GmbH & Co. KG 
www.kraemmel.de 
Maurer Söhne GmbH & Co. KG 
www.maurer.eu/en.html
Software 
Dlubal Software GmbH 
www.dlubal.com

Pylon bridge “Walsersteg“ on the Loisach river

Bridge with indirect LED lighting in 
hand rail (Photos: Dipl.-Ing. (FH) Robert 
Buxbaum)

RFEM model of pylon bridge with 
representation of deformation 
(Screenshot: Dlubal)

Structure

An amount of 60 m³ of glued-lami-
nated spruce timber was needed for 
the deck to produce a block-glued 
beam with the width x depth dimen-
sions of 280 x 44 cm.

The beam is cambered by approx. 
40 cm and subdivided into three 
spans with single span lengths of 
16 m (2x) and 14 m (1x). The joints 
are designed as full joints and are 
provided with transverse beams con-
sisting of welded H-sections (h/b/t/s 
= 400/500/40/40 mm) of steel grade 
S 355 in whose chambers the block 
beams were factory fitted accurately.

The ends of both transverse beams 
are stayed with cables (d = 40 mm) 
attached to the pylon head. The su-

perstructure is retained on the river 
banks by two tieback anchor cables 
of d = 60 mm which are anchored 
by the substructures in the ground. 
The maximum cable force in the ul-
timate limit state is about 1,700 kN 
(design load). A total of around 
130 m of full locked coil ropes was 
used for the guying and tieback an-
choring.

The A-shaped pylon is about 15 m 
high and consists of steel tubes (355 
x 25 mm) of steel grade S 355. It is 
factory-made and completely welded 
except for two bolted splice joints. 
The maximum axial force in the circu-
lar section is approx, 1,800 kN in the 
ultimate limit state.

“Walsersteg“ Pylon 
Bridge Across Loisach 
River in Wolfratshausen, 
Germany

In October 2013, the “Walsersteg“, 
a bridge for pedestrians and cyclists 
built across the Loisach river, was 
opened in the south of the old town 
of Wolfratshausen in Germany. The 
bridge connects the existing traffic 
ways on both sides of the river. The 
uncovered bridge spans across the 
Loisach without any columns and has 
a pylon guyed on one side. The struc-
ture has a width of 3 m and a span 
width of 46 m.
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Timber Pedestrian 
Bridge in Anaklia, 
Georgia

One of the world‘s longest timber 
bridges has been built in Anaklia, 
a climatic spa town on the Eastern 
shore of the Black Sea. In the begin-
ning of 2012, its construction was 
completed. It is more than 500 m 
long and connects the hotel and port 
area with a coastal area that is so far 
almost unused but will be developed 
for tourism in the next years. 

Planning and Prefabrication 
in Germany 

A steel bridge construction would 
have considerably overrun the budget, 
that‘s why a more cost-saving solu-
tion with timber was found. The 
engineering office Leonhardt, Andrä 
and Partner (LAP) from Stuttgart, 
Germany, planned together with 
HESS TIMBER, a Bavarian glulam 
manufacturer, the multi-span bridge 
designed with truss girders consisting 
of timber and triangular cross-sec-
tions. LAP did also the structural 
calculation. The Dlubal customer Fast 
+ Epp, responsible for the structural 
analysis of the timber construction, 
used RFEM for testing purposes with 
regard to internal forces and the 
design of the timber structure.

Building owner 
State of Georgia

Main contractor 
CRP 
Tbilisi, Georgia

Timber construction 
HESS TIMBER GmbH & Co. KG 
www.hess-timber.com

Load application, 
structural analysis, design 
Leonhardt, Andrä and Partners 
www.lap-consult.com/en.html

Structural planning 
for timber construction 
Fast + Epp GmbH 
www.fastepp.com

Software 
Dlubal Software GmbH 
www.dlubal.com

Timber bridge across the Inguri river 
in front of the Black Sea panorama 
(Photo: Fast + Epp)

Structural System

Near its center the bridge‘s structural 
system is divided into two parts to 
reduce the effects due to restraint 
occurring in the longitudinal direc-
tion. The first bridge part consists 
of a continuous beam system, the 
second part is anchored by a steel 
pylon because of major span lengths.

A spatial framework system forms 
the bridge section made of glued 
laminated timber with two truss gird-
ers laterally inclined by 45° as well 
as cross bars planked with wood 
plates. In addition to their function 
as boards where pedestrians can 
walk on, the Kerto-Q plates serve as 
a horizontal stiffener. The glulam 
components within the truss were 
connected by means of dowel con-

nections and slotted sheets also di-
mensioned by Fast + Epp. Moreover, 
a glue fixing method patented by 
HESS TIMBER was used on-site, which 
made it possible to reduce the glued 
laminated timber parts to a maximum 
length of 13.5 m so that expensive 
special transportation could be 
avoided.
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New Suspension Bridge 
in Pitigala, Sri Lanka

In 2013, a very special project was 
carried out 6000 km away in Pitigala, 
Sri Lanka. A bridge was designed, 
calculated and built by 30 students 
who are part of a German university 
team called “Engineers Without 
Borders - Karlsruhe Institute of 
Technology“, who are implementing 
development projects in seven 
different countries. 

With a span length of 30 m, the 
bridge spans the Bentara river. 
Both soldiers and villagers supported 
the German students during the 
fourteen-week construction phase.

Construction of Bridge

The future civil engineers designed 
the prestressed suspension bridge 
in such a way that it is easy to con-
struct and also flexible. After all, the 
structure should be built without 
heavy building equipment by ama-
teur craftsmen who have, at the 
most, little site experience. In addi-
tion, it was required that the bridge 
be reproducible for other projects.

The six-meter-high steel pylons were 
given releases at the base which 
could be fixed later. The pylons were 
erected by means of chain hoists and 
a bamboo crane.

The walk area of the bridge consists 
of 21 identical segments. The longi-
tudinal beams as well as the cross 
beams are made of angle irons that 
are connected with simple bolt con-

Design, structural planning, work 
Engineers Without Borders 
Karlsruhe Institute of Technology e. V. 
www.ewb-karlsruhe.de

Software 
Dlubal Software GmbH 
www.dlubal.comRSTAB model of suspension bridge with representation of deformation (Screenshot: Dlubal)

Bridge shortly before completion 
(Photo: EWB Karlsruhe)

Federal President Joachim Gauck 
“With its great practical value and 
its successful design the bridge 
in Pitigala is a lasting sign of the 
commitment which is able to unite 
people.“

nections. Planks were used for the 
floor covering. The entire walkway 
structure has a thickness of only a 
few centimeters. Thus, the bridge‘s 
contact surface is rather small in 
case of a monsoon. The walk area is 
curved upward and fits smartly into 
the landscape.

During the construction work, the 
students took the roles of construc-
tion workers, teachers, site managers, 
controllers, physicians, concrete tech-
nologists, geotechnical engineers, 
architectural draftsmen, project 
mana gers, mechanics and psycholo-
gists. For the construction of the 
bridge, a total of 70 tons of con-
crete, 6 tons of steel and 42 cubic 
meters of gabion rocks were trans-
ported, prepared and assembled 
with pure man power.
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Model with deformation visualized in RSTAB (Screenshot: Dlubal)

Interior view of bridge (Photos: Gartner Steel and Glass GmbH)

Shuter Street Bridge 
in Toronto, Canada

Since March 2011 a glass  pedestrian 
bridge with a length of 30 m con-
nects the St. Michael hospital with 
the new research center Li Ka Shing 
Knowledge Institute. The  supporting 
structure consists of several oval steel 
rings which are twisted together. 
The bridge with a section height of 
4.60 m and a width of 3.80 m was 
designed by Diamond and Schmitt 
Architects Inc. from Toronto. As peo-
ple in Toronto are mainly using the 
PATH system, an underground  system 
of pedestrian paths,  extending over a 
length of 28 km, the town could be 
persuaded to grant the permit only 
by architectural originality. Lightness 
of the bridge is reached by curved 
and thermally prestressed panes of 
insula ted glass as well as curved 
pipes crossing each other, all togeth-
er forming the sup porting structure. 
Thus, the construc tion appears dif-
ferently each time you see it from 
 another perspective.

Structure 
The bridge was designed as a stati-
cally determinate framework because 
of different building movements and 
the requirement that introducing ma-
jor forces into the building structure 
is not allowed. The fixed point, and 
thus the transfer of horizontal forces, 
was put to the side of the old build-
ing. The cross-section of the bridge 
is elliptic. The supporting tube is 
formed by a large number of circular, 
parallel lying pipes intersecting circu-
lar pipes which are lying parallel in 
the opposite direction.

Design 
Engineers were able to design the 
bridge according to DIN 18800 as it 
was agreed with the local test engi-
neer. Loading, however, was deter-
mined and taken into account in ac-
cordance with local standards.
The bridge was calculated non-line-
arly as a 3D model in RSTAB. As the 
com plete construction is welded, an 
equi valent model was used to de-
termine the effective stiffnesses of 
nodes for the analysis of deforma-
tions. Then, nodal stiffnesses were 
built as releases into the RSTAB mod-
el. Furthermore, the deformation and 
stress design ratio of the total struc-
ture were determined. Finally, the 
most critical welding nodes were de-
signed in RFEM using the analyzed 
internal forces.

Shuter Street Bridge at night

Building owner 
St. Michael‘s Hospital 
www.stmichaelshospital.com
Architect 
Diamond and Schmitt Architects Inc. 
www.dsai.ca
Test 
Carruthers & Wallace Ltd. 
Toronto, Canada
Construction and work 
Gartner Steel and Glass GmbH 
www.gartnersteel.com 
Josef Gartner USA 
josef-gartner.permasteelisagroup.com/en
Software 
Dlubal Software GmbH 
www.dlubal.com
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Rendered model with loading

Bridge section in RF-TENDON Design

Designing 
the Arch Bridge

Jana Vlachová who was studying 
CTU in Prague used program RFEM 
for structural analysis of the concrete 
arch bridge as part of her Master 
Thesis. The project objective was to 
design the bridge structure  crossing 
a valley. The project was tackled 
as an arch bridge with prestressed 
bridge deck.

In addition to RFEM the following 
modules were used: SHAPE-MASSIVE, 
RF-MOVE, RF-CONCRETE Members 
and RF-TENDON.

Definition of Paper Topic 
The bridge structure is 250.0 m long 
with a central span of 140.0 m. It 
stands 28.1 m tall and has width of 
12.0 m. 

Fixed reinforced concrete arch made 
of parabolic curve was chosen for 
its structural efficiency and fine aes-
thetic.

Other data of the RFEM model:

Nodes: 177
Members: 14
Materials: 2
Cross-sections: 3

Graphical representation of internal forces in RFEM (Screenshots: Dlubal)

Designer 
Jana Vlachová 
Student of civil engineering at 
the Czech Technical University 
in Prague
Software 
Dlubal Software GmbH 
www.dlubal.com

Structural Analysis 

Numerical simulations of bridge 
static behavior are carried out with 
program RFEM in accordance to 
Eurocode 2 and the national  annex 
for Czech Republic. The framework 
was calculated according to the 
 second-order analysis taking into 
 account geometrical imperfections.  

Cross-section of the bridge deck 
was modeled in the add-on module 
SHAPE-MASSIVE and imported into 
RFEM. The moving loads were gene-
rated using the module RF-MOVE 
and for some calculation was used 
the module RF-CONCRETE Members. 
The bridge structure was subsequent-
ly entered in the external add-on 
mo d ule RF-TENDON. This module was 
used for designing the prestressing 
cables in the bridge deck and for 
calculating prestressing load.
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Visualization of railway bridge in the modeling tool Rhinoceros (Picture: Radoslav Dimitrov)

Supporting Structure 
for a Railway Bridge

Due to their usability both programs 
for structural analysis RFEM and 
RSTAB are quite popular with stu-
dents becoming future civil engi-
neers. Many universities and schools 
of higher education are already using 
Dlubal’s 3D calculation software to 
make their students familiar with the 
program handling. Radoslav Dimitrov 
who studied at the TU Dresden in 
Germany used the framework pro-
gram RSTAB to perform the structural 
analysis for a steel bridge.

Definition of Paper Topic
The paper’s objective was the design 
of a new construction replacing a 
railway bridge, including a super- 
structure consisting of a steel or 
composite structure. The design was 
performed with an arched bridge. It 
was necessary to develop a specific 
superstructure in accordance with 
the terrain conditions, actions, ma-
terials and dimensions. Based on the 
design, the student had to carry out 
a structural calculation which would 
be prepared for test engineers check-
ing the analysis. Finally, the complete 
design had to be visualized.

Designer 
Radoslav Dimitrov 
Student of civil engineering 
at the Technical University 
in Dresden, Germany
Software 
Dlubal Software GmbH 
www.dlubal.com

Structural Analysis 
of Railway Bridge 
The structure of the arched bridge 
with a span length of 88.3 m was 
entered in RSTAB. Cross-sections pre-
viously modeled in the add-on mod-
ule SHAPE-THIN were used as well. 
The overall structure consists of alto-
gether 2,461 members. In addi tion, 
198 load cases, 11 load groups and 
8 load combinations were creat ed. 
Finally, the system was calculated ac-
cording to the second-order analy sis. 

The following add-on modules 
were used:

 STEEL 
 PLATE-BUCKLING 
 DYNAM 
 RSBUCK 
 RSIMP

Further data of bridge structure:

Nodes: 1,318 
Cross-sections: 22 
Weight: 824 t

Representation of deformation in 3D rendering (Screenshot: Dlubal)

Radoslav Dimitrov about RSTAB: 
“It was easy to enter traffic loads 
and to apply imperfections to the 
archs. Furthermore, the design ra-
tio could be clearly represented 
in the 3D rendering. The program 
handling of RSTAB is easier than 
of other structural analysis soft-
ware.“
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Look-Out Tower 
“Himmelsstürmer” 
in Schwäbisch Gmünd, 
Germany

A highlight of the 2014 State Garden 
Show in the German town of Schwä-
bisch Gmünd was the “Himmels-
stürmer“ look-out tower which is al-
most 40 m high. It is made of approx-
imately 176 m³ of cross-laminated 
timber and con sists of an inner and 
an outer tower. A stairway with 209 
steps in the area be tween the internal 
and external walls leads to the 
tower top.

Visitors climbing the tower may feel 
like men walking to the sky, which is 
indicated by the tower‘s name. The 
structural analysis of the “sky climber“ 

Project 
Himmelsstürmer, Landesgartenschau 
Schwäbisch Gmünd 2014 
www.gmuend2014.de
Concept and design 
KuKuK GmbH 
www.zumkukuk.de/en.html
Structural engineering 
Andreas Wirth 
www.wirth-baustatik.de
Planning and construction 
Schlosser Holzbau GmbH 
www.schlosser-projekt.de/index-en.htm
Software 
Dlubal Software GmbH 
www.dlubal.com

Model of outer tower and design results of RF-LAMINATE in RFEM 
(Screenshot: Dlubal)

Look-out tower during construction

Look-out tower “Himmelsstürmer“ 
during the 2014 State Garden Show 
(Photos: Wirth)

was created by Andreas Wirth from 
Freiburg who used RFEM and the 
add-on module RF-LAMINATE.

Structure
The tower has a square base area 
with lateral lengths of 5.40 m. The 
inner tower consists of cross-laminat-
ed timber slabs with three layers 
having a thickness of 12 cm. The out-
er tower was built with CLT elements 
as well. Those consist of seven layers 
and have a total thickness of 20 cm.

There are 123 openings arranged in 
the external walls so that the visitors 
can always enjoy the outdoor scenery.

The structural components were 
precast to a great extent. The inner 
tower consists of two tubes. The 
outer tower was divided into three 
construction sections. Each section 
was subdivided into four L-shaped 
corner elements.

The structural connection in the verti-
cal joints is ensured by numerous ful-
ly threaded screws. They were cross-
wise screwed in through the vertical 
joints with an angle of 60° relative to 
the transversal direction of the slabs. 
In the horizontal joints, the CLT ele-
ments are connected to each other 
by slotted sheets and dowels.

After the end of the Garden Show, 
the look-out tower is further operated 
by an association. Thus, visitors still 
have the possibility to enjoy the in-
comparable view over the landscape 
park of Wetzgau.
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Look-Out Tower on 
Pyramidenkogel in 
Klagenfurt, Austria

In June 2013, one of the world‘s 
highest timber look-out construc-
tions was opened in Austria, on 
the Pyramidenkogel, a mountain in 
Carinthia. The tower including the 
spire is 100 m high. It has four ac-
cessible viewing platforms, one is 
closed and three are open, offer-
ing a breathtaking view over the 
Alps-Adriatic region and the lakes 
of Carinthia. The spiral shape being 
a symbol for growth and develop-
ment was the choice of the architects 
Klaura + Kaden.

Another highlight of the tower is 
Europe‘s highest roofed slide with 
a height of almost 52 m. It is built 
inside the construction. Riders can 
reach a velocity of up to 25 km/h.

The structural analysis of this extra-
ordinary building was created by 
LACKNER + RAML using RSTAB.

Tower Construction
The structure of the look-out tower 
is composed of a spatial framework. 
An essential component of the main 
structural system is the frame struc-
ture consisting of 16 curved larch 
wood columns with a cross-section 
of 32/144 cm. Ten elliptical steel rings 
with a box section of 440/160 con-
nect the columns. The vertical spa-
cing between the rings is 6.40 m.

The third supporting component of 
the tower building is based on eight 

diagonal strands which are steel 
tubes running from the tower base 
to the steeple.

Visitors can climb the platforms by 
using either the transparent panora-
mic lift or one of the two stairways.

The loads of the tower‘s upper levels 
and of the tower top are transferred 
onto the eighth level where two gir-
ders are arranged with supporting 
cables, absorbing these loads and 
transferring them to the columns. 
The “Skybox“, a closed and sheltered 
building unit, lies between the eighth 
and ninth level. Above, there are the 
open viewing platforms.

Building owner 
Pyramidenkogelinfrastruktur 
GmbH & Co. KG 
www.pyramidenkogel-ktn.at
Architect 
Klaura + Kaden ZT GmbH Architekten 
www.klaura.at 
www.kaden.cc
Structural Analysis 
LACKNER + RAML Ziviltechniker – 
GmbH 
www.lackner-raml.at/?lang=en
Software 
Dlubal Software GmbH 
www.dlubal.com

3D model visualized in RSTAB and mode shape calculated in DYNAM 
(Screenshot: Dlubal)

Tower full view

Interior view of “Skybox“ (Photos: Klaura)

The time needed for constructing the 
tower on the Pyramidenkogel was 
only eight months.
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Look-Out Tower on 
the Island of Rügen, 
Germany

In May 2013, the German Chancellor, 
Dr. Angela Merkel, inaugurated the 
natural heritage center of Rügen in 
the Prora beach resort. The highlight 
of the center with an area of 1,900 
hectares on the Baltic Sea island is 
the “nest tower“ which is 40 m high 
and the third tree tower that has 
been constructed by the WIEHAG 
company.

The tower was built on a hill lying 
more than 40 m above sea level, of-
fering visitors a breathtaking panora-
ma over the landscape at a height of 
about 80 m.

Construction of Tree Tower
The tower structure consists of an 
external ring made of 12 vertical 
glued-laminated beams. They are ar-
ranged with rotational symmetry and 
set up with an angle difference of 
30° each, thus forming a polygonal, 
spatial structure.

The columns are supported by means 
of steel girders on single founda-
tions. The tree tower is stabilized by 
a closemeshed net of diagonal steel 
members as well as horizontal ring 
components.

Twelve arcs consisting of glued lami-
nated timber have been added to the 
upper third of the tower to make the 
top look like an eagle eyrie. The arcs‘ 
top ends are attached to the cantile-
vering steel platform and the bottom 
ends to the glued laminated timber 
columns. The outside diameter of the 
timber tower is approx. 24 m, on the 
“eyrie“ level it is approx. 36 m.

Visitors can access the tower by using 
the tree-top walk connected to the 
look-out tower, having a length of 
1,250 m winding through the tree-
tops in a height of 4 m. The path 
is also the entrance to the tower. 
To reach the viewing platform on 
the tower top, visitors must tread 
the spiral structure with a length of 
600 m in the tower interior. The plat-
form itself consists of cantilevered 
steel beams connected to the timber 
columns where longitudinal 
timber girders with planks 
are lying in between.

Building owner 
Die Erlebnis-Akademie AG 
www.die-erlebnis-akademie.de
Architect 
Josef Stöger 
www.architekt-stoeger.de
Office for structural analysis 
Ing.-Büro Wolf GmbH 
Passau, Germany
Structural calculation and timber 
construction for tower 
WIEHAG GmbH 
www.wiehag.com/en
Software 
Dlubal Software GmbH 
www.dlubal.com

Model of tree tower in RSTAB 
(Screenshot: Dlubal)

Aerial photography of tree tower

Chancellor Dr. Angela Merkel at the 
official opening (Photos: WIEHAG)
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Tree Tower Lipno, 
Czech Republic

In summer 2012, the first Czech tree-
top walk was opened in Lipno in the 
presence of Václav Klaus who was 
President of the Czech Republic. 
A path with a length of 675 m leads 
to the major tourist attraction: the 
tree tower. On the top platform at a 
height of 40 m, visitors can enjoy the 
wonderful view from the wooden 
look-out construction over the 
Šumava National Park and the Lipno 
Dam on the Vltava River. In its center, 
the tower includes a playground 
slide of 52 m length representing 
the  longest closed slide in the Czech 
Republic.

The Tree Tower

The tower construction consists of 
an external circular ring based on 
nine glued laminated timber columns 
which have been arranged in rota-
tional symmetry and set up with an 
angle difference of 40° each, thus 
forming a polygonal, spatial con-
struction.

Inside the tower, a steel pylon made 
of a round pipe has been built. Steel 
spiral stairs with steel grids and a 
tunnel slide are attached to the pylon 
which is connected to the tower 
at two height levels: at 24 m and 
40.175 m. Visitors have access to the 
tower by either coming along the 
tree-top walk ending at 24 m above 

ground or climbing the spiral stair-
way. Then, they can reach the view-
ing platform by climbing a spiral tim-
ber construction which is attached to 
the timber columns by means of can-
tilevered steel beams.

The construction has been stiffened 
by a close mesh of diagonal steel 
members anchored in the timber 
columns. Furthermore, four horizon-
tal ring constructions consisting of 
steel pipes have additionally been ar-
ranged in the lower part of the tower.

Tree tower with connected tree-top walk

View into the inside of the tree tower 
(Photos: WIEHAG)

Model and deformation of tower in RSTAB (Screenshot: Dlubal)

Building owner 
Stezka korunami stromu s.r.o. 
www.stezkakorunamistromu.cz/en
Architect 
Josef Stöger 
www.architekt-stoeger.de
Office for structural analysis 
Ing.-Büro Wolf GmbH 
Passau, Germany
Structural analysis of tower 
WIEHAG GmbH 
www.wiehag.com 
Software 
Dlubal Software GmbH 
www.dlubal.com
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Model of tower in RSTAB 
(Screenshot: Dlubal)

Viewing tower in front of panorama of the Swiss Alps (Photo: Pirmin Jung Ingenieure)

Tower in Reuss River 
Delta near Seedorf, 
Switzerland

The bird watching tower in the Reuss 
river delta is an exceptional look-out 
construction in the Urner Alps. Its 
striking primary framework consists 
of 48 log wood columns standing in 
an inclined position. From four view-
ing platforms, people seeking relax-
ation enjoy the wonderful view into 
the river delta, and ornithologists can 
watch nesting birds.
The tower with a height of 11.5 m 
was designed by the Swiss architect 
Gion A. Caminada. The structural 
analysis was performed by the Dlubal 
custo mer Pirmin Jung Engineers.

Structural Analysis
The round columns consisting of sil-
ver fir timber were chopped down, 
treated and prepared in the imme-
diate surroundings of the construc-
tion site. At the base, they have a 
dia meter of approx. 240 mm and are 
tapered towards the roof that they 
bear as much as the viewing plat-
form. The platform consists of planks 
that are 80 mm thick,  cantilevering 
where the four lookout baskets are 
installed. It is directly attached to 
the log wood columns by means of 
brackets. The roof rafters are sup-
ported by the center post and the 

Building owner 
Kanton Uri 
Committee for the Reuss river delta 
Altdorf, Switzerland
Architect 
Gion A. Caminada 
Vrin, Switzerland
Engineer for timber 
structural analysis 
Pirmin Jung Ingenieure für 
Holzbau AG 
www.pirminjung.ch
Civil engineer 
Projekta AG 
www.projekta-ag.ch
Timber construction 
Bissig Gebr. Holzbau GmbH 
www.bissigholzbau.ch
Software 
Dlubal Software GmbH 
www.dlubal.com

external columns. Moreover, a steel 
ring hangs down the roof structure 
upon which the internal side of the 
platform floor lies and from which 
the spiral stairway is suspended.
All connections are built in such a 
way that they can be easily replaced 
after the service life has expired and 
without any influence on the total 
structure.

Stiffening
In addition to wind loads, the  tower  
must also be able to absorb vibra 
tions from live load. As additional 
bracings or similar stiffening elements 
for horizontal structural stabilization  
didn’t come into conside ration be 
cause of architectural reasons, the  
columns received a partial restraint  
to the steel ring in the roof. In this  
way, a kind of spatially effective  
frame was formed.

www.reussdelta.ch/turm-reussdelta.73.0.html
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Structural planning 
Planungsbüro Uhrmacher 
www.diestatiker.de
Software 
Dlubal Software GmbH 
www.dlubal.com

Kuchlbauer Tower – an architectural project of Hundertwasser, planned and designed 
by the architect Peter Pelikan (C) Gruener Janura AG, Glarus, Switzerland 
(Photo: Brauerei zum Kuchlbauer GmbH & Co. KG)

Tower in Kuchlbauer‘s 
World of Beer in 
Abensberg, Germany

The Kuchlbauer tower is an architec-
tural project built on the premises of 
the German brewery Kuchlbauer in 
Abensberg. The tower with a height of 
34.19 m was designed by the Austri an 
artist Friedrich Stowasser, better 
known as Friedensreich Hundert-
wasser. He died in 2000 when the pro-
ject was still in its planning stages.

The tower represents the major tour-
ist attraction in “Kuchlbauer‘s World 
of Beer“, a show park combining art, 
culture and beer consumption. The 
exhibition inside the tower shows 
the brewing procedure and informs 
about the German purity law. In ad-
dition, visitors can see a collection of 
more than 4,000 wheat bear glasses. 
The platform offers a splendid view 
of Abensberg and the Hallertau re-
gion which is the largest hop-plant-
ing area in the world.

Construction Completed Af ter 
Death of Hundertwasser

The tower was built when Hundert-
wasser had already died. It was erect-
ed under the direction of the archi-
tect Peter Pelikan and the building 
owner Leonard Sallek who is also the 
owner of the brewery. Dis cussions 
were carried out on the part of the 
town Abensberg concerning monu-
ment protection until the first foun-
dation stone was finally laid in April 
2007. The golden roof ball was put 
on the tower top in August 2008. 
In January 2010, the tower opened 
its doors for the first time.

Roof Ball Construction Calcu-
lated with RSTAB

The German engineering office 
Uhrmacher, operators of the Internet 
planning portal www.diestatiker.de, 
was responsible for the tower’s struc-
tural analysis using Dlubal’s calcula-
tion software. The supporting struc-
ture of the roof ball consisting of 
508 steel members was calculated 
with RSTAB. It has a diameter of 
10 m. The total weight of the ball 
including coating is 12 tons. The 

construction of the tower required 
approx. 140 tons of reinforcing steel 
and 15 tons of I-beams.

www.kuchlbauer.de/en

Deformation of roof ball construction 
in RSTAB (Screenshot: Dlubal)
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Entire structure of the tree tower in RSTAB (Screenshot: Dlubal)

Tree Tower in the 
Bavarian Forest, 
Germany

The path leading through forest tree- 
tops has a total length of 1,300 m 
and is the longest tree-top walk 
worldwide. It was built in 2009 in 
the Bavarian Forest National Park in 
Germany. The walk‘s principal mag-
net of tourism is the walkable tree 
tower with a height of 44 m. It con-
sists of a spiral construction with a 
length of 520 m, directly connected 
to the tree-top walk which is 780 m 
long. 

Architecture and 
Structural Analysis
The egg-shaped tree tower was built 
around three trees with a height of 
up to 38 m, growing on a rock for-
mation. In this way, the visitors are 
able to follow the trees’ individu-
al steps of growth. Reaching the 
two-storey steel platform at the 
tower top, they can enjoy the view 
across the national park.

The tower’s principal supporting 
structure, mainly built of timber, con-
sists of 16 larch glulam beams which 
are curved and arranged in rotational 
symmetry. The upper part of the 
tower was stiffened by a close mesh 
of diagonal steel members. The lower 
part was stiffened by four compres-
sion-resistant and tension-proof 
crosses consisting of steel hol low sec-
tions anchored with the timber archs. 
The spiral timber construction is 
attached to the timber archs by steel 
suspensions and secondary steel 
beams. The structural system was 
calculated according to the second- 
order analysis. The calculation 
resulted in a compression force of 
1,160 kN within the timber archs 
and a maximum horizontal tower 
defor mation of 15.7 cm.

Tree tower from 
a bird‘s eye view 
and view inside 
the tower 
(Photos: WIEHAG)

Building owner 
Die Erlebnis Akademie AG 
www.die-erlebnis-akademie.de
Architect 
Josef Stöger 
www.architekt-stoeger.de
Planning, structural 
analysis and work 
WIEHAG GmbH 
www.wiehag.com/en
Software 
Dlubal Software GmbH 
www.dlubal.com

Ralf Kolm, engineer at the WIEHAG 
company and responsible for the 
structural analysis: “The egg-shape 
of the structure required the 
use of a program that is able to 
calculate spatial frameworks. We 
decided to work with the Dlubal 
program RSTAB, which is best 
suited for such a challenge.“

http://www.baumwipfelpfad.bayern/en/
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Biomass boiler house 
in Kočevje, Slovenia

Due to the new technological 
demands, the investor Melamin d.d. 
Kočevje decided to replace the old 
steam boiler on fossil fuel (Đuro 
Đakovič, No. 5356) with the new 
one in the total power of 9.8 MW. 

The new system for the production 
of steam consists of a biomass 
storage, a transport and delivery 
system for woodchips, a steam boiler 
and an ashes collector. 

The project was demanding from 
the technological and design point 
of view. The construction was also 
demanding since it took place during 
the operation of the existing boiler 
(Loos, No. 61428), which is currently 
used for the temporary steam pro-
duction, while in the future, it will 
only be used as a backup.

Structure

The structure of the main building 
of the boiler house is made of steel 

and enclosed with metal facade pa-
nels. The main building is 22.58 m 
long, 12.75 m wide and 15.07 m 
high. There are two extensions con-

Boiler house owner 
Melamin d.d. Kočevje 
www.melamin.si/en
Structural Analysis 
AG-inženiring d.o.o. 
www.ag-i.si
Software 
Dlubal Software GmbH 
www.dlubal.com

Boiler house during stage of construction (Photo: AG-inženiring d.o.o.)

Model and deformation of the boiler house displayed in RFEM (Screenshot: Dlubal)

nected to the main building of the 
boiler house. 

The length of the first one is 15.06 m 
and its width is 4.60 m. The length 
of the second one is 22.58 m and its 
width is 4.70 m. The main building 
has another extension with dimensi-
ons of 20.51 m x 2.60 m, used for a 
conveyor belt for biomass. This buil-
ding is also covered with metal faca-
de panels and serves as a connection 
between the main building and the 
woodchips storage. 

The biomass storage facility is made 
of reinforced concrete. It is 33.26 m 
long and 10.70 m wide. Next to the 
biomass storage facility there is also 
a liquid fuel storage for the existing 
boiler (Loos, No. 61428), a command 
room and an electrical room. 

The interior of the boiler house con-
tains a load-bearing steel structure 
used for the installation of technolo-
gical equipment for the new boiler.
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Building owner 
Bio Kraftwerk Schilling GmbH 
www.schilling-holz.de
Architect 
Matteo Thun 
www.matteothun.com
Structural and final planning, 
construction management 
Ingenieurbüro Baur 
www.buerobaur.de
Structural planning for steel 
and timber construction 
Ingenieurbüro Georg Guter 
www.ib-guter.de
Energy system planning 
Gammel Engineering 
www.gammel.de/en
Software 
Dlubal Software GmbH 
www.dlubal.com

Analysis model in RSTAB 
(Screenshot: Dlubal)

The biomass power plant in Schwendi under construction (Photo: Ingenieurbüro Georg Guter)

Biomass Power Plant 
Schilling in Schwendi, 
Germany

One of the most modern power sta-
tions for energy production based on 
renewable resources can be found in 
Schwendi, Southern Germany. Fol-
lowing the design of the Milan archi-
tect Matteo Thun, an architecturally 
sophisticated framework consisting of 
reinforced concrete, steel and timber 
has been created.

The plant building including storage 
consists of a transparent structure 
with suspended casing and  revolving 
balcony planes. It is based on strip 
foundations. The steel skeleton con-
struction, holding a crane runway ad-
ditionally, has a grid of 5.40 x 5.40 m 
and overall dimensions of 21.60 x 
21.60 m. The domed roof consists of 
a glued-laminated timber structure. 
The building is more than 24 m high 
and has a radius of approx. 36 m.

The structural framework was planned 
in cooperation with the project-leading 
engineering office Baur and the local 
engineering office Guter which was 
already participating in preplanning 
and in the modeling process. The 
planning work was enormously 
pressed for time. It started in January 
2007, scheduling the completion date 
in July 2008.

The structure was modeled as a spa tial 
RSTAB model consisting of approx. 
1,000 nodes, 2,000 members, 54 cross- 
sections and four types of material. The 
self-weight is approx. 225 tons.

Due to the 3D calculation, the load 
bearing capacity of the different stiff-
ening shear walls and stiffness ratios 
(outside balconies as wall, compres-
sion and tension rings in roof area, 

vertical and horizontal bracings as well 
as horizontal connection to the solid 
construction by using composite 
beams) could be determined close 
to reality.

The framework was calculated ac-
cording to the second-order analysis 
by using imperfections. In addition to 
RSTAB, further Dlubal modules were 
used: STEEL, RSIMP, LTB, FE-LTB, EL-PL, 
RSBUCK, TIMBER.
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is about l x w x h = 20 m x 16 m 
x 13 m. The walls consist of cross-
lami nated timber with a thickness 
of 10 cm. The floors have been built 
with glued-laminated timber ele-
ments of the strength grade GL 24 h. 
The downstand beams have been 
design ed with either steel or timber, 
depend ing on the span width and 
loading.

Building owner 
A.L.E.R. Azienda Lombarda per  
l‘Edilizia Residenziale di Brescia 
www.aler.brescia.it
General contractor 
Rubner Objektbau GmbH 
www.rubner.com/en
Architect 
5+1AA S.R.L. 
www.5piu1aa.com
Project engineer for 
structural calculations 
I² Ingegneria Srl 
Genova, Italy
Structural analysis 
for timber structures 
Rubner Holzbau AG 
www.rubner.com/en
Software 
Dlubal Software GmbH 
www.dlubal.comThe four building units of the apartment complex in Brescia, Italy (Photo: Rubner)

Model of housing complex B displayed 
in RFEM (Screenshot: Dlubal)

Timber Apartment 
Complex in Brescia, Italy

In the Italian town of Brescia, the 
company Rubner Objektbau GmbH, 
functioning the general contractor, 
has built an apartment complex with 
appealing architecture consisting of 
timber. Four housing complexes with 
a total of 72 housing units have been 
constructed in a minimal amount of 
time. For the Lombard Institute for 
Residential Buildings (ALER), this has 
been the first project carried out in 
wood.

Dlubal customer Rubner Holzbau AG 
was responsible for the structural 
analysis of the timber structures. The 
architectural design was created by 
the Milan architects 5+1AA S.R.L. 
(Genoa subsidiary).

Structure

The construction impresses with 
great figures. A total of 1,555 m³ of 
glued-laminated and cross-laminated 
timber was used, also for the elevator 
shafts and staircases. The entire cu-
bage of the structure includes more 
than 18,000 m³.

It is not only the use of wood as a  
renewable resource that results in 
an impressive ecological balance: 
The subsidized housing complex also 
reaches high energy efficiency classes 
(ClimateHouse A and class A CENED - 
region of Lombardy).

All four complexes have similar di-
mensions. For example, complex B 

The city of Brescia is situated in an 
earthquake prone region. Therefore, 
Rubner performed a seismic analysis 
using the RFEM modules RF-DYNAM 
Basic and RF-DYNAM Addition II.

The Brescia project has clearly shown 
that wood construction is a viable 
and promising technology for the 
future also in the field of social 
housing.
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Wood Carving Workshop 
in Val Gardena, 
South Tyrol, Italy

An extraordinary project was born 
when the architectural office berg-
meister-wolf designed a new work-
shop for wood carving art in Val 
Gardena, South Tyrol.

As the triangulated facade could be 
used only partially for load applica-
tion, the building represented a great 
challenge for the responsible timber 
construction engineer. But the Italian 
Dlubal customer Schrentewein & 

Partner mastered the task by prima-
rily using the building‘s inside parts 
for transferring loads.

Construction 

The facade of the building brings to 
mind carvings in a block of wood, 
which can be appreciated from both 
outside the structure and also from 
the inside.

The rooms for exhibition and sales 
are in the first floor. The workshop 
for the sculptors and painters (paint-
ing the wooden figures) is located on 
the upper floor. In addition, a large 
apartment was set up in the attic.

Building owner 
Perathoner Ulrich KG of 
Daniel Perathoner & Co. 
www.ulpe.com

Architect 
bergmeister architekten 
www.bergmeisterwolf.it

Structural analysis 
Lignaconsult Schrentewein 
& Partner GmbH 
www.lignaconsult.com

Timber construction 
Ligno System KG of Sacco M. & Co. 
www.lignosystem.it

Software 
Dlubal Software GmbH 
www.dlubal.com

Exterior view of the workshop used 
for wood carving art (Photo: Günter 
Richard Wett)

Entire 3D model (above) and design internal forces of a cross laminated timber wall 
(below) in RFEM (Screenshot: Dlubal)

Another difficulty for the structural 
engineers was the fact that the first 
floor includes only a few walls, and 
only a few walls in the building stand 
upon each other. Schrentewein & 
Partner found the following solution: 
They designed almost every wall in 
the upper floor as a wall-like deep 
beam consisting of cross laminated 
timber. The longest wall has a length 
of 13.7 m. The walls in the upper 
floor carry the loading from the floor 
and ceiling of that floor and transfer 
the loading to the walls and columns 
made of steel round pipes on the 
first floor.

The ceilings like the load-bearing in-
terior walls consist of cross laminated 
timber. They were designed as conti-
nuous beams to keep the deflections 
within the limits. The ceiling is con-
centrically supported by several 
columns in the first floor.

As stiffening walls are missing in the 
first floor, the ceiling above was built 
very stiff (t=20 cm). It transfers the 
stiffening loads onto the staircase 
core that is asymmetrically arranged 
and made of reinforced concrete.
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Temporary Bridges 
by Janson Bridging

Janson Bridging in Hank, the Nether-
lands, produces temporary, emergen-
cy and permanent bridges for civil, 
industrial and military use. All these 
bridges - consisting of several types - 
are based on modular concepts, that 
can be easily adjusted to the wishes 
of the customer. The modules are 
elements with a limited length that 
can be joined using couplings. Thus 
the bridge engineer can set the span, 
depth and width of the bridge by 
adding elements together.

These bridges have to satisfy various 
national codes, being mainly the 
Eurocode and the American standard 

(AASHTO). Since Janson Bridging’s 
in-house engineering department 
calculates each individual bridge 
separately, with bridge spans ranging 
from 2 to 40 elements, the amount 
of work can be considerable in order 
to calculate the deflections, reaction 
forces, and stresses. Hence Janson 
Bridging decided to optimize its 
engineering process, by automating 
the creation of RFEM and CAD bridge 
models in 2012. The goal was to 
generate, calculate, design, and 
check the bridge automatically.

Structural analysis 
Janson Bridging 
www.jansonbridging.com
Software 
Dlubal Software GmbH 
www.dlubal.com

Representation of deformation of a bridge in RFEM (Screenshot: Dlubal)

Temporary Bridge (Photo: Janson Bridging)

Automatic Generation 
with RF-COM interface

Today using the RF-COM-interface 

Janson generates their JSK, Bailey 

and JPB-bridge types automatically. 

The analysis models consist of mem-

bers and/or surfaces, using com-

ponents such as nonlinear bracing, 

compression only members, and 

orthotropy. Additionally Janson is 

able to generate a so-called Tandem 

System (LM) running along the span 

of the bridge. The reaction and in-

ternal forces are automatically stored 
in the correct pages of the spread-
sheet, thus considerably reducing the 
amount of work for the engineer. 
Using the automatization tools the 
engineer can calculate the reaction 
forces in just a few minutes.
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Dragon Flight, X-Train 
Flying Launch Coaster, 
Ningbo, China

In many industrial sectors, China is 
the future market. This is also the 
case for the entertainment field in 
which the German company 
Maurer Söhne is working. The roller 
coaster Dragon Flight was built 
for Romon U-Park, an urban theme 
park in Ningbo. It is the first X-Train 
Flying Launch Coaster designed by 
Maurer Söhne.

The roller coaster has a length of 
504 m. Its seven roller coaster ele-
ments include three inversions. The 
X-train has a capacity of 20 passen-
gers. With top speeds of 90 km/h, 
the train reaches up to 4.5 g 
(g-force) several times.

Structural System
The base area is 113 m × 51 m. At the 
highest point of the coaster ride, which 
is called the top hat, a vertex height 
of approximately 30 m is reached. The 
overall structure consists of a tubular 
structure with 6,201 members and 
86 cross-sections.

Structural Analysis
The rail structure was calculated in 
RSTAB. Both model and wheel loads 

Building owner 
Romon U-Park 
www.romonupark.com
Structural engineering 
and fabrication 
Maurer Söhne GmbH & Co. KG 
www.maurer.eu/en.html
Software 
Dlubal Software GmbH 
www.dlubal.com

Representation of design ratio for fatigue design acc. to GB 50017 (1 kN = 1 %) 
on 3D model displayed in RSTAB (Screenshot: Dlubal)

Dragon Flight, X-Train Flying Launch Coaster (Photo: Maurer Söhne)

were directly imported from the dy-
namic simulation by using RS-COM.

The analysis was performed accord-
ing to Chinese and European stand-
ards, including ultimate limit state 
design and fatigue design.

The German engineers accessed the 
RSTAB results by using RS-COM again 
for the fatigue designs. Then, the 

design according to EN 1993-1-9 
and GB 50017 was carried out with 
post-processing programs.

RS-COM was used again to return 
the results of the post-processing 
programs to RSTAB in order to re-
present the results graphically on 
the rendering of the entire model.
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Building Owner 
Katholische Kirchengemeinde 
St. Martinus Kerpen 
www.kerpen-sued-west.de
Scaffolding 
Geistert Gerüstbaulogistik 
Montage GmbH 
www.geistert.de
Planning and structural analysis 
Ingenieurbüro Klimpel 
www.ib-klimpel.de
Software 
Dlubal Software GmbH 
www.dlubal.comAnalysis model in RSTAB (Screenshot: Dlubal)

Frame construction for steeple in Kerpen 
(Photo: Ingenieurbüro Klimpel)

Supporting Frame 
Con struction for Steeple 
Renovation in Kerpen, 
Germany

To perform renovations for the stee-
ple of the St. Martinus parish in Ker-
pen, a scaffold was required. It was 
part of a construction project with 
an order volume of approx. 850,000 
Euros. 
The designers in charge had to meet 
a special challenge because the frame 
construction had to be set up at the 
top of the spire without applying an-
chorages by pressure usually used in 
scaffolding.
Furthermore, a coating with covers 
had been the reason why the frame 
construction had to be designed 
without a reduction of wind loads.
The frame was built by means of 
mod ular scaffolding, type of polygon 
with 16 edges of approx. 40 to 60 m 
and another one with 8 edges of ap-
prox. 60 to 70 m.

Structural Analysis
RSTAB was used to design the spatial 
framework structure. The RSTAB add-
on modules RSBUCK, RSIMP and 
EL-PL completed the calculation.

Generating the Structure
First, the structure was modeled in 
the design program AutoCAD.
Then, the data was imported to 
RSTAB using the DXF interface and 
the relevant materials were assigned 
to the individual cross-sections.
The member releases were simulated 
by non-linear RSTAB member releases 
according to building regulations. 

Input of Loads
Wind loads were determined accord-
ing to EC 1 and DIN 1054 T4.
The analysis included the approach 
for a 16-edge and a 8-edge structure. 
Moreover, by way of comparison, the 
shape of a cylinder was tested.
The load group which was finally de-
cisive resulted from a combination 
consisting of the self-weight and the 
maximum wind load (in scaffolding 
the partial safety factor γF for load 
cases is always 1.5).
By using the specific RSTAB function 
for generating loads it was possible 
to perform with minimum effort an 
alternative analysis for different types 
of wind load applications.

Stability Analysis
The lowest buckling shape was 
de termined with the help of the 
add-on module RSBUCK.

Company in charge of erecting the 
scaffold: “In fact, an evaluation of 
the frame construction wouldn’t 
have been possible within ten 
days without analyz ing the spatial 
framework and without taking 
into account non-linearities of 
members.”

On the basis of this buckling shape, 
the add-on module RSIMP generated 
automatically imperfections for 
RSTAB.
The load cases for self-weight, wind 
and imperfections were combined 
together in a load combination 
which was calculated according 
to the second-order analysis.
Finally, the elastic-plastic design was 
performed in the RSTAB add-on 
module EL-PL.

Designed with Dlubal Software

Dlubal Software GmbH    Structural Analysis and Design Software
80

RFEM Scaffolding 
and Rack Structures

Sc
af

fo
ld

in
g

 a
n

d
 R

ac
k 

St
ru

ct
u

re
s

Customer Project



Reconstruction of 
Sailing Ship “Alexander 
von Humboldt II“

In October 2011, the sailing ship 
“Alexander von Humboldt II“ began 
its service and has been conquering 
the seas ever since. The ship, operated 
by Deutsche Stiftung Sail Training 
(DSST), is a barque rigged with three 
masts. The masts and the hull 
consist of steel.

It is the first reconstruction of a 
German tall ship after the construc-
tion of the “Gorch Fock“, the training 
ship of the German Navy. On the 
“Alex II“, passengers can enjoy a 
one-day trip or a cruise for several 
days, or learn how to sail on special 
training tours.

The German company HB Hunte 
Engineering GmbH was responsible 
for the construction of the new ship. 
The German company Marine 
Engineering Wollert GmbH calculated 
the rigging (masts as well as ropes 
fixing the masts) and the strength of 
the hull. Both companies have been 
Dlubal customers for many years, 
using RFEM for their analyses.

Structural Analysis
In addition to typical finite element 
calculations of highly stressed sys-
tems such as mooring, anchor and 
davit units, the rigging forces were 
analyzed in detail.

A comprehensive matrix of calcula-
tion load cases was created with a 
multitude of sail-plans for the differ-
ent wind velocities and directions.

The non-linear FE calculations were 
compared with the formula-based 

guidelines for design and layout given 
by Germanischer Lloyd. In this way, 
a coherent safety concept for the 
masts and spars as well as their 
rigging by shrouds and stays was 
reached.

Owner 
Deutsche Stiftung Sail Training 
www.alex-2.de/en
Designer 
Marigraph GmbH 
www.marigraph.com
Engineering office 
HB Hunte Engineering GmbH 
www.hb-hunte.de
Strength calculations 
Marine Engineering Wollert GmbH 
Arnis, Germany
Software 
Dlubal Software GmbH 
www.dlubal.com

Rigging deformation in 
case of a storm of 54 knots 
(circa 100 km/h) in RFEM 
(Screenshots: 
Dlubal)

The 65 m long sailing ship “Alexander von Humboldt II“ at sea 
(Photo: Deutsche Stiftung Sail Training)

Presentation model of “Alexander von Humboldt II“ in RFEM

“Especially the application of 
wind forces requires a complex 
knowledge of the theoretical 
and practical backgrounds of 
traditional sailing ships”, says 
Jürgen Wollert from Marine 
Engineering Wollert GmbH.
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Non-deformed and deformed model of the deep drilling rig in RSTAB (Screenshot: Dlubal)

Deep Drilling Rig

As the geothermal energy market 
is continuously increasing, BAUER 
Maschinen GmbH, a German compa-
ny working in the field of specialist 
foundation engineering, has deve-
loped a new deep drilling rig. The 
German Dlubal customer Ing.-Büro 
H.-U. Möller was in charge of the 
plant’s structural analysis. The system 
is used to make borings reaching to 
a depth of 7,000 m in the area of geo-
thermal energy, oil or gas. In addi-
tion, it is possible to extend existing 
boreholes using modern boring tech-
nology. The boring device is built in 
Germany and distributed worldwide. 

Construction 

The deep drilling rig has the follow-
ing dimensions: 25 m length, 12 m 
width, 42 m height. The weight of 
the entire construction is 580 t. It 
has a modular structure by which it 
is able to be transported on a truck. 
The plant is self-erecting in parts and 
can be shifted from one bore hole 
to the other when built up. The drill 

bit is driven into the earth by a maxi-
mum rotary drive of 60 kNm and 
pulled out by a maximum force of 
4,400 kN.

Calculation 

The model consists of 1,137 nodes 
and 2,052 members forming a lat-
tice tower with the shape of a U. The 
guide is applied on the open U-side. 
For their calculation engineers have 
analyzed six RSTAB models with dif-
ferent loads and states such as plant 
in and out of operation with concen-
trated support and tension failure, 
lying  tower, lifting of tower, mount-
ing of winch etc. The structural sys-
tem and loading were entered in a 
basic system. Then, all systems to be 
analyzed were derived from the base 
system. To determine the maximum 
internal forces and stresses, the six 
models were superimposed in a 
super combination.

In addition to RSTAB, the add-on 
modules STEEL, RSBUCK and SUPER-LC 
plus the program SHAPE-THIN were 
used for the calculation.

Building owner 
BAUER Maschinen GmbH 
www.bauer.de/en
Structural planning 
Ingenieurbüro H.-U. Möller 
www.hum-minden.de
Software 
Dlubal Software GmbH 
www.dlubal.com

Deep drilling rig TBA 300/440 M1 
(Photo: BAUER Maschinen GmbH)

Designed with Dlubal Software

Dlubal Software GmbH    Structural Analysis and Design Software
82

Customer Project
RSTAB Drilling Structures

D
ri

lli
n

g
 S

tr
u

ct
u

re
s



Building owner 
BAUER Maschinen GmbH 
www.bauer.de/en
Structural planning 
Ingenieurbüro H.-U. Möller 
www.hum-minden.de
Software 
Dlubal Software GmbH 
www.dlubal.com
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Designed with 
Dlubal Software...

Are you interested in presenting your projects designed with 
Dlubal programs on our website? We would like to offer you 
our platform for your publications. Every day many people 
are visiting our homepage www.dlubal.com. Moreover, our 
product brochure provides space to show customer projects. 
Additionally, important project information can be spread 
worldwide by Dlubal newsletters. Together we can create 
a list of references that benefits both of us. Take advantage 
of a cooperation with Dlubal Engineering Software and make 
new business contacts.

What to do?
Send us information about your project. Describe your work 
with Dlubal programs and tell us what is most important. 
You may write about the following topics:

   Place, location and function of project
   Specifications concerning building owner and architect
   Contract volume and total contract price in €
   Special characteristics of construction project
   Reason why the structure/building was planned, 

motive of building owner
   Data concerning start and end of planning and construction
   Description of structural system (length, width, height, 

floors, grid, foundation etc.)

Information on structural analysis

   Type of construction (steel construction, solid construction etc.)
   Applied standards
   Load data, wind load zone, snow load zone, earthquakes
   Significant load cases and combinations
   Description of framework design and stiffening
   Theory and calculation method
   Reason why the structure was calculated as framework or by FEA
   Reason why the structure was calculated in 2D or 3D
   How was the structure modeled (e.g. import of CAD, direct 

modeling in RSTAB/RFEM)
   Description of modeling (e.g. copying, mirroring, drag-and-drop)
   Characteristics, challenges, problems and solutions
   Did you use a special function in the program that facilitate the 

analysis?
   How much time did you need for the data input, the calculation 

and the total design?
   Which modules did you use?
   Further important imformation

Please send us:
   Correct address of companies to be mentioned for publication 

and website if available
   High resolution pictures of project, pictures of all construction 

stages if possible
   Input data of RSTAB/RFEM
   Plans for structural system and item lists etc.

Important:
Please make sure to not infringe any rights of publication 
and to have approval of the building owner and all 
companies involved. As soon as we have received 
all documentation and materials we will contact 
you and make a proposal for publication.

Thank you very much!



Further 
Information:
Dlubal Software GmbH
Am Zellweg 2, 93464 Tiefenbach
Germany
Tel.: +49 9673 9203-0
Fax: +49 9673 9203-51
www.dlubal.com 
info@dlubal.com

Technical Support
Our technical engineers are available to 
all customers whenever there is a question 
about Dlubal programs. Just send your 
question by e-mail or fax. The questions 
will be answered in the order received and 
only after enquiries of customers having 
a service contract have been completed. 
The extent of the reply and the response time 
are depended on the type of service contract you 
have concluded. In addition to Service Contract 
Basic, Service Contract Pro provides telephone 
support and, if required, online support via 
desktop sharing tools.

We welcome any feedback you may
have on our products. Your comments
and suggestions for improvements are
important to us.

Get to know us
Would you like to know more about RFEM 
and RSTAB? Ask for a free trial version 
without obligation or use the download 
option at www.dlubal.com.

With the trial version you can learn more 
about our programs, get acquainted with 
the handling and calculate structural systems.

See for yourself how easy it is to work with 
Dlubal software.

If you need help with the first 
steps with RFEM and RSTAB, go to 
www.dlubal.com/en/for-beginners.aspx 
where you can find introductory examples 
and tutorials, videos and webinars, manuals 
and information about our service contracts.

If you are looking for the answer to a par-
ticular question, browse the FAQ page, 
visit the Dlubal blog or follow us on social 
networks where you can find numerous tips 
and tricks as well as solutions for everyday 
problems occurring in many engineering of-
fices. We would also be happy to advise you 
directly by phone or video call.

You also have the possibility to participate 
in our free webinars, where we give you 
insight into the operation of our software, 
show you new features and can discuss 
questions in detail. 

In order to purchase the full version 
of the software, use our Webshop 
on www.dlubal.com or contact 
our service team which will be 
glad to assist you in putting 
together your individual 
program package.

Upgrades
You are already using RFEM or RSTAB?

Get the program upgrade.

Please contact us or order online 
at www.dlubal.com.

Dlubal Software GmbH  Structural Analysis and Design Software

Service Contracts
Customer service is one of the main corner-
stones of the Dlubal company mission.
The interest in our customers does not end
at the point of sale. We offer additional
support if it is needed for your daily work.

With a service contract your questions 
will be taken care of with highest 
priority and you get upgrades at 
better rates.

For more information about our service
contracts, contact us directly or visit our
website at www.dlubal.com.

Follow us on:


