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ABSTRACT
In the construction industry, the environmental impact has been an important issue over the recent years.
The aim of decreasing the carbon dioxide emissions has increase the use of more sustainable material
choices. The use of timber has a number of sustainable advantages e.g. the low self-weight and it binds
carbon dioxide through its photosynthesis process. Reduce of the material consumption is also important
in order to achieve a more sustainable structure.
In this thesis, long-span timber roof structures has been investigated. Using timber as the primary
structural load carrying material has been studied. In order to achieve the material efficiency of the
timber, a cable-like behaviour, further called stress ribbon, has been investigated.
The aim of the thesis is to investigate how asymmetric load affect the stress ribbon structure. Different
load combinations induced by snow- and wind has been analysed and designed according to Eurocode.
In order to design the stress ribbon structure for realistic load cases, an analytical and a numerical method
has been carried out. Both ultimate limit state and serviceability limit state has been used for designing
the stress ribbon structure.
A comparison of the analytical and the numerical solution for symmetric- and asymmetric load has been
studied. The results for the asymmetric load case correspond well while for the symmetric load case the
deflection and moment distribution have some deviation.
Finally the cable was designed for realistic load combinations were the snow and wind load was designed
separately. The reason for this is that the wind gives suction all over the roof. The results from the snow
case showed that there was a small deflection at the cable. For the wind case, there is asymmetry in
the cable and large deformation occur. Anyhow, in the check of the capacity, all the requirements was
fulfilled.
Keywords: Stress Ribbon, Timber, Roof Structures, Numerical Method, Load Combinations
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PREFACE
In this thesis a investigation of the Stress Ribbon concept has been carried out, where different load
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The project is a continuation of Samuel Hofverbergs Master thesis "Long-span tensile timber roof
structures" from 2016. The original idea of the Stress Ribbon concept in this context was generated by
Professor Roberto Crocceti at the Division of Structural Engineering at Lund University, Sweden.
We are grateful for all valuable support and advice from our supervisors Samuel Hofverberg, Alexander
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1 Introduction

1.1 Background

The environmental aspect is an important issue in the building industry nowadays. Therefore, the use
of more environmental friendly material such as timber is desirable. An easy way to decrease the
environmental impact is to reduce the amount of material in the structural system. When combining
a low use of a material with a light-weight material, e.g. timber, the transportation time and cost are
reduced which leads to reduced impact on the environment. Timber is also the only material that binds
carbon dioxide through its photosynthesis process. This has led to an increasing interest to use timber in
structures.

In order to decrease the number of structural elements and achieve a more open space, long-span
structures are desirable. Common structural elements to implement in long span structures are e.g. truss
system and arches made of either steel or timber. These structural systems are very e�cient in order to
achieve long-spans. The use of timber arches is a material e�cient way to utilise the material where the
timber receive compressive forces. Turning the arch upside-down into a cable shaped structure have been
investigated. A few pedestrian bridges and buildings where the primary load bearing system is similar to
the cable shaped timber element has been built. In 2016 the building Grandview Heights Aquatic Centre
was completed. The primary load bearing system for this building is cable shaped timber elements where
the longest span measures 65 m. Since timber has high capacity when it comes to tensile stresses, the
cable shaped timber element is theoretically load- and material e�cient compared to a straight simply
supported beam (Johansson, 2016). The design and how to apply loads on the cable shaped structure are
not covered in norms and standards.

The concept of transfer vertical load by a cable structure was studied by Hofverberg (2016), also
called the stress-ribbon concept. Three di�erent design solutions for the concept and designed the load
bearing system for symmetric distributed load was developed. The results from his thesis indicate many
advantages with the timber cable concept when it comes to material e�ciency and environmental impact.
However, asymmetrical load cases and how to analyse them were not included in this thesis.

1.2 Aim

The aim of this thesis is to investigate how asymmetrical loads a�ect the stress ribbon concept, which
is de�ned as a cable shaped structure with inherent bending sti�ness. The primary goal is to �nd a
method how to analyse the stress ribbon structure for di�erent types of load distributions. Therefore,
a investigation of which loads that are important to take into consideration and how to apply them is
carried out. Di�erent analyse methods are compared to �nd a appropriate tool to perform a structural
analysis of the stress ribbon structure.
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1.3 Limitations

The stress ribbon concept is possible to apply on both bridge and roof structures. In this study the focus is
to design the cable as a roof structure and relevant load combinations are investigated. How non-uniform
loads a�ecting the timber cable structure is the main focus of the study. The design of the connection
between the elements and the timber boundary truss system are of no concern. Neither the dynamic
response on the structure is investigated.

The behaviour of the timber stress ribbon is the primary focus. Contribution from other structural
elements in the roof structure, like plywood and corrugated steel, is not covered in this study. The span
lengths that are investigated are 24 and 36 m. Design calculations and load combinations are performed
with Eurocodes with the Swedish annex Boverket EKS in regard. The stress ribbon structure is designed
for the local environmental parameters from Stockholm.

1.4 Method

To start with, a literature study of existing reference objects is carried out. This is investigated to get an
increased understanding of the stress ribbon concept and to distinguish where it can be implemented.
In order to design the structure for di�erent load combinations, both analytical solution and computer
calculation based on the �nite element method, FE-models, are performed. The analytical solution is
performed on three di�erent load cases; symmetric load, asymmetric load and a central point load. The
analytical solutions are thereafter compared with the the results from the FE-models in order to verify
the model. Experimental reports and norms are investigated to �nd realistic load cases to apply on the
stress ribbon structure. To �nd deformation and sectional forces for the realistic load cases two di�erent
software are compared and veri�ed with analytical solutions. Following software are proposed to do
the analysis of the structure, Karamba 1.2.2 which is a plug-in to Rhinoceros and the other option is
ABAQUS/CAE 6.14-2. Furthermore, a case study is performed where the results from the analytical
solution and the FE-models are compared and conclusions from the results are taken.

2 , Department of Civil and Environmental Engineering, Master's Thesis, 2017:232 , Department of Civil and Environmental Engineering, Master's Thesis, 2017:232 , Department of Civil and Environmental Engineering, Master's Thesis, 2017:23



2 Previous work

There are several stress ribbon structures constructed around the globe. Some of these structures are
presented and discussed in Section 2.1. Their structural behaviour and way of transferring loads are
described. This is done to get a better understanding of the stress ribbon concept. Subsequently, a short
summary of Hofverberg (2016) master thesis �Long-span tensile timber roof structures� is presented.

2.1 Reference projects

Several structures where the stress ribbon system is adopted is described in the following section. This
is an investigation in order to get a better understanding and increasing knowledge of cable shaped
structures. In the end of each reference study, a conclusion is drawn in order to gather information
regarding the stress ribbon concept.

2.1.1 Grandview Heights Aquatic Centre

Grandview Heights Aquatic Centre, seen in Figure 2.1, is built in British Columbia in Canada and was
completed in 2016. The building is designed by HCMA Architecture + Design and constructed by the
�rm Fast + Epp. There are several advantages with the system when it comes to material e�ciency and
reduced roof thickness which increases the free space inside the building. As can been seen inFigure 2.2
the load carrying roof structure is primary made of curved glulam beams which is suitable in humid
environments for their resistance to warping due to moisture. The building is today the longest timber
cable roof structure in the world (Naturally-Wood, 2016).

Figure 2.1: Exterior of Grandview Heights Aquatic Centre, (HCMA, 2016).
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Figure 2.2: View from above during construction (HCMA, 2016).

Figure 2.3: Section of the roof structure.

The curved glulam beams transfer the forces from the applied load to supporting concrete elements, which
transfer the load to the foundation. The ribbon system is made of paired glulam beams,130 x 220 mm2,
connected to each other by steel plates and with nailed plywood boards on top of the ribbons. A section
of the roof structure can be seen in Figure 2.3. The distance between each pair is 700 mm. In Figure 2.4,
a schematic section of the building is presented where the building has two spans with 65 respectively
45 m. In order to joint the elements, the glulam beams have been produced in parts of di�erent length
and then been connected to each other on site. The sti�ness of the members give the building stability
against wind uplift, which makes the timber choice suitable compared to a system with steel cables
without bending sti�ness. The maximum designed de�ection for the roof under the most severe load
case is 200 mm as this is the limited value for the used wall slip joint detail (Naturally-Wood, 2016).

The concrete columns has a design, where the columns only work in compression on the left side and in
compression and tension on the right side, as can been seen in Figure 2.4. In the middle of the building
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the two columns take compression forces and transfer it further to the foundation that also needs to resist
rotational sti�ness. The roof is constructed with a certain slope, where the corners have di�erent height,
in order to achieve drainage.

The design of the timber ribbon system shows that the desirable long span length can be achieved with
this kind of structure. The paired ribbons with the inserted steel plate in between simplify the connection
to the concrete support. The slope of the roof is also preferable since drainage is achieved.

Figure 2.4: Illustration of Grandview Heights Aquatic Center, adopted from HCMA (2016).

2.1.2 Gessental Bridge

The Gessental Bridge is located in Ronneburg in Germany. It was completed in 2006 and designed
by Büro für Ingeniur-Architektur and is one of the longest timber bridges in the world (Jeska, 2014).
The total length is 225 m including three spans, 52.5, 55 and 52.5 m respectively, see Figure 2.5. The
maximum sag in mid-span is 2.3 m. The primary tensile structure consists of 50 cm high glulam beams.
In Figure 2.6, sections of the bridge and the connection between di�erent parts are displayed. In order
to prevent large deformation along the walkway, additional glulam beams were added which increased
in height towards the middle of the span, see Figure 2.6. This also reduces the slope of the bridge. To
transfer the tensile forces to the abutment the middle supports allow the bridge to move free in the length
direction of the bridge, but is �xed in the transverse direction (Jeska, 2014).
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