
 

 

 
 

 
Roof construction in Lwengo Basilla 

A minor field study with focus on the attachment, columns and battens on a school in 
Democratic Republic of Congo. 

 

Byggnation av ett tak i Lwengo Basilla 
En fältstudie med fokus på infästningar, pelare och bärläkt på en skola i  

Demokratiska Republiken Kongo 

 

Författare:  Arvid Nystedt, Daniel Hällqvist 

Uppdragsgivare: Kungliga Tekniska högskolan 

Handledare:  Jenny Andersson KTH ABE  

Examinator:  Sven-Henrik Vidall, KTH ABE 

Examensarbete: 15 högskolepoäng inom Byggteknik och Design  

Godkännandedatum: 2014-06-25 

Serienummer:  BD 2014;60 



II 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



III 

 

 
 

 

 
 
This study has been carried out within the framework of the Minor Field Studies Scholarship 
Programme, MFS, which is funded by the Swedish International Development Cooperation 
Agency, Sida. 
 
The MFS Scholarship Programme offers Swedish university students an opportunity to carry out two 
months’ field work, usually the student’s final degree project, in a country in Africa, Asia or Latin 
America. The results of the work are presented in an MFS report which is also the student’s Bachelor 
or Master of Science Thesis. Minor Field Studies are primarily conducted within subject areas of im-
portance from a development perspective and in a country where Swedish international cooperation 
is ongoing. 
 
The main purpose of the MFS Programme is to enhance Swedish university students’ knowledge 
and understanding of these countries and their problems and opportunities. MFS should provide 
the student with initial experience of conditions in such a country. The overall goals are to wi-
den the Swedish human resources cadre for engagement in international development coopera-
tion as well as to promote scientific exchange between universities, research institutes and simi-
lar authorities as well as NGOs in developing countries and in Sweden. 
 
The International Relations Office at KTH the Royal Institute of Technology, Stockholm, Sweden, 
administers the MFS Programme within engineering and applied natural sciences.  
 
 
 
 
Erika Svensson 
Programme Officer  
MFS Programme, KTH International Relations Office 
 
 
 

                    KTH, SE-100 44 Stockholm. Phone: +46 8 790 6561. Fax: +46 8 790 8192. E-mail: erika2@kth.se  
             www.kth.se/student/utlandsstudier/examensarbete/mfs 



IV 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



V 

 

Abstract 
This report is showing the results of our thesis in the education for becoming Bachelor in 
"Construction technology and design," at the Royal institute of technology (KTH) in Stock-
holm. The organization Elikia na Biso started by Miza Landström has with the help of stu-
dents at KTH managed to get a proposal of two new schools that are now being built in 
Lwengo Basilla, the village where she was born. The village is located in the southwestern 
part of the Democratic republic of Congo (DRC). The area is in great need of schools and 
Miza has through her organization raised money to push this project forward. A group of 
students have earlier been to Lwengo Basilla and started the construction of the first school 
and the next step is to construct the roof. 
 
The purpose of this report is with the help of local materials and resources that are available 
locally in Lwengo Basilla find solutions on how to safely attach the roof to the rest of the 
building. We will also teach construction technique to the workers in Lwengo Basilla during 
the construction of the school. This report focuses on the attachments of the roof while the 
roof trusses were developed by Shwan Delshad who has been a partner to this report. 
 
In the report four suggestions of attachments of the trusses to the wall have been devel-
oped together with two suggestions on columns. These have been compared and the most 
suitable suggestion has been selected and dimensioned. The columns will be made out of 
wood and secured in concrete foundations for stability. The trusses are then secured in the 
columns and beams extending between the columns. The attachment of the roof trusses to 
the wall will be achieved using rebar that are fixed in the walls and that is stretched over the 
roof truss and nailed to secure the trusses. 
 
These suggestions were used when constructing the school. The construction of the roof 
was completed as planned and the workers reprehended the information of the construc-
tion technique. The second school will be constructed by the people in the village with the 
technique that was used on the first school. 
 
Key words: 
Construction 
Roof 
School 
Attachments 
DRC 
Lwengo Basilla 
 

 



VI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  



VII 

 

Sammanfattning 
Denna rapport visar resultatet av vårt examensarbete i utbildningen till högskoleingenjör 
inom ”Byggteknik och design” på Kungliga tekniska högskolan (KTH) i Stockholm. 
Organisationen Elikia na Biso, grundad av Miza Landström har med hjälp av studenter på 
KTH lyckats få fram ett förslag på två nya skolor som nu håller på att byggas i hennes 
födelseort Lwengo Basilla. Byn ligger i sydvästra delen av Demokratiska republiken Kongo. 
Området är i stort behov av skolor och Miza har genom sin organisation samlat in pengar för 
att driva igenom detta projekt. Tidigare har en grupp varit nere i Lwengo Basilla och 
påbörjat byggnationen av den första skolan och nästa steg är att bygga taket.  
 
Syftet med denna rapport är att med lokala material och hjälpmedel som finns att tillgå i 
Lwengo Basilla hitta lösningar på hur man på ett säkert sätt kan fästa taket till resten av 
byggnaden. Vi kommer även leda arbetet på plats för att lära ut byggtekniken till arbetarna i 
Lwengo Basilla. Denna rapport fokuserar på infästningarna av taket medan själva 
takstolskonstruktionen har arbetats fram av Shwan Delshad som har varit en 
samarbetspartner till denna rapport.  
 
I rapporten har fyra förslag på infästningslösningar för takstolarna tagits fram tillsammans 
med två förslag på pelare. Dessa har jämförts och ett lämpligt förslag har valts ut och 
dimensionerats. Pelarna kommer att bestå av trä och fästs i betongfundament för att få en 
stabilitet. Takstolarna fästs sedan i denna och balkar som löper mellan pelarna. Infästningen 
av takstolarna till väggen kommer utföras med hjälp av armeringsjärn som är inmurade i 
väggen och som spänns över takstolen och spikas fast för att takstolen ska sitta på plats. 
 
Dessa förslag användes i byggnationen av skolan. Arbetet med att få färdigt taket 
genomfördes enligt planerat och arbetarna tog till sig informationen om byggtekniken som 
användes. Den andra skolbyggnaden kommer nu att byggas av människorna i byn själva 
utifrån den teknik som användes vid första skolan. 
 
Nyckelord: 
Konstruktion 
Tak 
Skola 
Infästningar 
DRC 
Lwengo Basilla 
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Terms and definitions 
 

Wall plate: A beam of timber that is mounted on the top of the 
outer wall for the trusses to be connected to. 

Anchors: Type of bolt that expands when it is inserted into 
the wall 

Serviceability limit state: Is the state when the requirements for the structure 
is not fulfilled 

Ultimate limit state:  Is the state when the structure will collapse 

Life-span: The number of years a construction is expected to 
last 

Duo pitch roofs: Typical roof with two slopes on each side of the 
ridge 

Transverse load:  Load that is perpendicular to the structure 

Characteristic values Values that are based on the probability of occur-
ring once every 50 years 
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1 Introduction  
Some of the sections in this thesis is written together with Shwan Delshad who have written 
the report “Roof truss construction in Lwengo Basilla, A minor field study with focus on con-
struction and calculating the required dimensions of roof trusses on a school in Democratic 
Republic of Congo” This is since both reports are a part of the construction of the same roof 
in the village Lwengo Basilla. 

1.1 Background  
Democratic Republic Congo (DRC) is one of the poorest countries in the world and has con-
stantly been in the bottom of United Nations Developing Programme (UNDP) list where in-
come, health and education are measured (UNDP, 2013). A big step to get out of poverty 
can be the opportunity to get an education. Therefore it’s important that all children have 
the right and opportunity to go to school and get a proper education. 
 
Miza Landstöm, who is the daughter of Rigobert Moupondo, the chief of the village Lwengo 
Basilla, started a non-profit organization by the name "Elikia na biso".  Elikia na biso, which 
means hope in Lingala, are involved in helping exposed children in DRC (Elikia na biso, 2014). 
In 2013, Miza came in contact with Senior lecture Carl-Michael Johannesson from Royal in-
stitute of technology (KTH) and started discussing the possibility of building a school in 
Lwengo Basilla and including KTH with the project. 
 
In July 2013, Emma Elofsson and Joel Persson, two of Michael’s students wrote School con-
struction in DR Congo, a field study in DRC about the country’s school system and the feasi-
bility of building two school buildings in Lwengo Basilla. This field study also included gather-
ing information about local construction materials, the construction site and the knowledge 
in construction among the people in the village (Elofsson, Persson, 2013). As a result, of the 
study of materials, two simple clay press machines were bought to produce clay bricks for 
the walls. The villagers were also taught how to use these machines so that they can pro-
duce their own bricks for the walls (Elofsson, Persson, 2013).  
 
The majority of buildings in Lwengo Basilla and in other villages outside the cities are built 
out of sticks and clay. They often have a roof made of banana leaves laid in layers on bat-
tens going from one wall to the other without any trusses as showed in picture 1. 
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Picture 1. Typical roof in Lwengo Basilla. Photo by: Shwan Delshad 

This prevents them to build larger houses with bigger spans. Part of the problem is that it is 
too expensive for most of the people to use concrete and bricks. There are some houses 
built out of bricks and trusses. The trusses on these buildings are normally built with one 
dimension as showed in picture 2. 
 

 
Picture 2. Typical truss used in the village. Photo by: Arvid Nystedt. 

Elofssons and Perssons thesis was the basis for a group of Master students, Bashiri, Ekdahl, 
Egstam, Grimfeldt and Möllersted, studying Industrial Design at KTH, who wrote the report 
Elikia Lovisa-Skolan on how to build a school with the report from Elofsson and Persson as 
starting point. A number of requirements were set up for the schools. These requirements 
were for example that the roof should be built with wood preservation timber, the walls are 
built with bricks, and that the school is designed to resist heavy rainfall (Bashiri et al, 2013). 
This report was written on the basis that a container with wood preservation timber was 
supposed to be shipped from Sweden sponsored by Svenska Träskyddsföreningen. Elikia 
Lovisa-skolan was presented with working process and blueprints for the buildings (Bashiri 
et al, 2013). 
 
As the shipping cost for the sponsored timber were too high, Miza together with Carl-
Michael decided to buy the timber locally as it would cost about the same as the transporta-
tion. In December 2013 Joel, Emma and five other students from KTH traveled to Lwengo 
Basilla to start the construction of the school together with the people in the village. During 
these three weeks the foundation were built and the outer wall were initiated. The con-
struction continued after the students returned to Sweden by the people in the village.  
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1.2 Purpose 
Find solutions for the columns and attachment of the trusses to the walls of a roof on a 
school built with local materials in Lwengo Basilla. Then calculate and dimension the bat-
tens, attachments, and columns of the most suitable solution to make the roof secure and 
long lasting. 
 
To construct a roof together with the people in Lwengo Basilla and instruct them so that 
they can build the roof on the second school themselves. The result will be presented in a 
written report. 

1.3 Limitations 
This report will be focusing on the attachments of the roof trusses to the walls, the battens 
and the columns for the schools that are going to be constructed in Lwengo Basilla. A sepa-
rate field study will do the calculations and dimensioning of the trusses so that will not be 
included in this report. Snow loads will not be used during calculations of the school roof in 
Lwengo Basilla. As the foundation and outer walls already been constructed the dimension 
for the school is set to 28340*6440mm.  
 
It is intended that the people in the village should be able to construct similar buildings in 
the future and is therefore important that we use materials that can be bought in the area. 
A construction technique that doesn’t require any advanced and expensive tools will be 
used and this will keep the costs down, which is important, so they could finance project like 
this themselves in the future. No electricity is to be used as the village is not connected to 
the power grid. This has to be taken into consideration when choosing the design as it has to 
be constructed only by using hand tools. 
 
A limit when writing this report is the lack of literature and internet sources. The lack of in-
ternet will also make it difficult to communicate with the mentor in Sweden. The truss roof, 
wall plate and batten will be made out of wood and no other materials will be studied.  

1.4 Method 

1.4.1 Prior to the field trip 
A literature study will be carried out to gather information about building techniques, cli-
mate and materials that are available in the area. With help of this study a list of materials 
that is needed to construct the roof will be sent to Miza who have contacts in DRC. Hopeful-
ly the construction material can be bought and transported to Lwengo Bassilla before our 
arrival.  
 
The literature study will help to select what books to bring on the field trip. Eurocode will be 
used and local preconditions will be implemented to calculate the dimension and strength 
of the construction. School construction in DR Congo the report by Elofsson and Persson will 
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be studied to find out more about the local precondition and material cost. Elikia Lovisa-
skolan (2013) by Bashiri et al will be used as a basis for the construction. Trätakstolar till 
bostadshus (1972) by Wale and Jakobsson will be used to look at the attachments of trusses 
to outer walls. 

 1.4.2 During the field trip 
In order to calculate the dimensions for the roof, the wind actions and dead loads will be 
calculated according to the Eurocode, if no Congolese construction rules are to be found. A 
simple stress and density test of the timber will be made to compare it with the qualities in 
the Eurocode. 
 
Four different solutions for the attachments of the roof into the wall will be evaluated with 
the help of these calculations. We will look at the possibilities to implement these to this 
project or other projects and look at the risks of the different solutions. The battens and the 
beam between the columns will be dimensioned with the premises of previous calculations. 
Two suggestions of columns will also be designed and dimensioned. 
 
Because of the light weight of the roof there is a risk of the roof blowing off. To reduce this 
risk we will try to find a way to make the roof heavier. We will do this to equalize the loads 
from the roof and the suction of the wind.  
 
During the field study we will participate and work as instructors during the construction of 
the roof.  We are going to teach the construction techniques needed to complete the roof 
on the second school. To do this we will need to communicate and instruct the people in the 
village by drawing sketches, demonstrate and use our body language.  

1.4.3 After the field trip 
The information we have gathered during the field trip will be compiled. Sketches and calcu-
lations will be made by hand and by using Sketchup, these will be attached to the report. 
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2 Current setting and situation 
The school project in Lwengo Basilla is solely invested by the onfore mentioned "Elikia Na 
Biso" foundation. Elikia Na Biso was started by Miza Landström, who herself is born and 
raised in Lwengo Basilla. She started the organization to help handicapped children in Congo 
and to try to help children to get a proper education (Elikia na biso, 2012). The organization 
has a restricted budget the tools for the school is very basic and the materials used is usually 
bought with a low cost or produced locally. 
 
Since no Congolese construction rules are to be found we will have to adjust the Eurocode 
for the local conditions, this can be difficult as the local weather conditions in the area has 
not been documented. 
 
As mentioned, the village is not connected to the power grid. The lack of electricity will 
force us to write the report by hand and computerize the material when we get home. This 
will lead to more work as we return to Sweden. Since none of us speak French nor Kikongo 
there is a great risk for misunderstandings. We will try to learn some Kikongo during our 
stay in the village so that we can understand each other on an elementary level. Even if the 
English knowledge in the village is poor there will still be persons with an elementary know-
ledge that can be helpful during the construction. 
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3 Theoretical framework 

3.1 Attachments 
There are many ways of connecting roofs and other constructions to masonry walls, like 
using anchors, nails or drive screws. These fixings will be exposed to compression, tension, 
bending and shear forces depending on how it is used (Pfeifer et al. 2001). 
 
When an anchor is inserted to a solid wall it expands so it become fixed and secure. There 
are different types of anchors, like plastic expansion anchors and injected grout anchors, 
which can be used on masonry walls (Pfiefer et al. 2001). Through-fixing can be used on 
heavy loads or when anchors are difficult to use for some reason. A bolt is then inserted 
through the wall and connected from the other side (Pfeifer et al. 2001). 
 
There is also other ways to attach construction parts to a masonry wall without using anc-
hors. One way is to reinforce the masonry and let the rebar continue to the neighboring 
construction. Steel plates can also be attached into the masonry wall with mortar and con-
nected with nails or screws on the other side to the second construction.  

3.2 Loads 
There are several types of loads, such as dead load, imposed load, snow load, wind load et-
cetera, which need to be taken into account when calculating the dimensions of a roof. 

3.2.1 Dead- and Imposed loads 
Dead loads are permanently in existence. The weights of the materials that compose the 
roof are considered as dead loads (Schunck et al. 2003. p46). Loads that are temporary or 
change over the course of time are called imposed loads. Imposed loads occur both as dis-
tributed and point load. For example, a snow load distributed evenly over a roof provides a 
distributed imposed load [kN/m2] to the roof, while a person standing at one spot of the 
roof provides a point imposed load [kN]. Roofs with a slope less than 40o are generally sub-
ject to imposed loads, because a person can easily walk on the roof during maintenance and 
impose a point load on the roof (Schunck et al. 2003. p 46). 

3.2.2 Snow loads 
Snow loads are a type of imposed loads, because it only arises during the colder seasons. 
The snow load is usually a distributed load, but it's not necessarily evenly distributed, since 
some sections of the roof might get covered with a larger amount of snow, because those 
sections is facing the direction of the snow. Another example of unevenly distributed snow 
is when some sections of the roof have a higher elevation than the rest of the roof; this dif-
ference in elevation results in piled up the snow where the lower roof meets the wall of the 
elevated roof. The Eurocode has specified several snow zones all over Europe, because the 
amount of snowfall differs from one place to another. One can simply look up the area 
where a building is going to be constructed and take out the snow load for that specific 
area, and use it during load calculations (Schunck et al. 2003. p 46). 
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3.2.3 Wind loads 
Wind loads can be considered as an imposed load, since it's not always present, but what 
separates wind loads from imposed loads is the wind's speed and direction. The wind speed 
is directly proportional to the load it thrusts upon a surface. The aerodynamics of a building 
plays a big role when wind loads are present. The speed and the surface, this phenomenon 
can force the roof to lift off of the walls if the wind loads exceeds the dead loads of the roof 
(Schunck et al. 2003. p48). Therefore it is important that the roof is safely connected to the 
walls. 

3.3 Eurocode 
Eurocode is a European standard issued by the European Committee for standardization 
(CEN). Based on article 95 in the "Treaty of Rome" (1957) the now called European union 
decided to begin a program to develop a standard for its members. This standard was sup-
posed to make dimensioning and trading between countries easier, but also to ensure the 
stability and bearing capacity of buildings. (SS-EN 1995-1-1:2004) 
Eurocode is built up by ten different documents from EN-1990 to EN-1999. The documents 
mainly used for this report will be EN-1990:2002, EN-1991, EN-1993 and EN-1995. 
 
EN-1990 is more general then the other documents and is thought to be used together with 
the rest of the documents. It contains principles and demands regarding safety, usability 
and stability of structures. EN-1991, Action and structures, is a guide when dimensioning. It 
contains dead loads of building material, imposed loads and density of materials as well as 
methods when searching for characteristic values. EN-1993, Design of steel structures con-
tains tool when dimensioning structions of steel. EN-1995, Design of timber structures cov-
ers bearing structures made of timber and is divided into two parts, one is more general 
about timber and the other specifies on bridges. EN-1995 shows the demands of bearing 
capacity, stability and resistance against fire in structures of timber. 

3.3.1 Structural design 
There are a number of basic requirements in Eurocode-Basis of structural design (EN-
1990:2002) that a structure should meet during its intended lifetime. It should be designed 
and constructed to sustain all loads and other impacts that are likely to occur, meet the ser-
viceability and ultimate limit state requirements, and have an adequate structural resistance 
of fire and to be dimensioned for acceptable structural resistance, serviceability and durabil-
ity. To meet these requirements appropriate design, material and controls should be per-
formed (EN-1990:2002 §2.1). 
 
The limit states concern the safety of people and structures should be classed as ultimate 
limit states. The limit states that concern people’s wellbeing, structures function under 
standard use and the appearance of the structure is classified as serviceability limit states 
(EN-1990:2002 §3). In the Eurocode a choice of levels of reliability for the structure is to be 
made when designing the structural resistance and serviceability. This is to reduce the im-
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pact that a failure of the structure would have regarding for example risk of lives and eco-
nomical losses (EN-1990:2002 §2.2). The design life-span of a building structure is in EN-
1990:2002 §2.3 specified to 50 years. But a structural part that is replaceable should have 
life-span of 10-25 years. 
 
In the Eurocode actions is divided into permanent-, variable- and accidental actions. The 
permanent actions include the dead loads of the structure such as self-weight of the struc-
ture and fixed equipment. Variable actions are the snow loads, wind actions and imposed 
loads. The accidental action is for example explosions and impacts from vehicles. 
Actions should also according to the Eurocode be categorized by their origin, as dynamic or 
static and as fixed or free. 
 
To analyze the structures behavior appropriate and established structural models is to be 
used together with relevant variables (EN-1990:2002 §5.1). In Boverkets föreskrifter och 
allmänna råd om tillämpning av europeiska konstruktionsstandarder (EKS 8, BFS 2011:10) 
different variables for the structure can be found such as the reliability class (RC). RC 1 is 
when the risk of severe personal injury is small, it can be that no or very few people are con-
sidered to stay in the house or that a breach will not lead to a severe damage. RC 2 is when 
there is a moderate risk and is normally used for one and two level houses. RC 3 is used if 
there is a severe risk of injury and if the structure is constructed so that many people can 
reside in it.   
 
 According to the Eurocode the construction loads (Qc) can be represented as one single 
variable action or be grouped and applied as a single variable action (EN-1991-1-6:2005 
§4.11). The grouping of the loads depends on the project and should be taken into account 
before calculating on the structure. Personnel working on the construction should according 
to the Eurocode be counted as 1 kN/m2 (EN-1991-1-6:2005 Table 4.1) but as a point load 
often are more dangerous for the structure then a uniformly distributed load it is also ac-
ceptable to calculate with this. When calculating on construction loads it is also important 
that the forces that can occur during the construction is taken into account so the structure 
is safe for the workers. 

3.3.2 Wind action 
The wind pressure determined using Eurocode 1, Actions on structures -General actions - 
Part 1-4: Wind actions (EN-1991-1-4) are based on a wind velocity value that is expected 
once every 50 years (EN-1991-1-4, 3.4).  The wind pressure impact on the structure depends 
on the shape, size and the dynamic abilities of the structure (EN-1991-1-4, 3.5). It should be 
calculated using formulas below from EN-1991-1-4 chapter 5.3 
 
𝑭𝑭𝒘𝒘 = 𝑭𝑭𝒘𝒘𝒘𝒘 + 𝑭𝑭𝒘𝒘𝒊𝒊 + 𝑭𝑭𝒇𝒇𝒇𝒇   [Formula 1]  

 

Wind force (𝑭𝑭𝒘𝒘) in kN 
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𝑭𝑭𝒘𝒘𝒘𝒘 = 𝒄𝒄𝒔𝒔𝒄𝒄𝒅𝒅 ∗ ∑ 𝒘𝒘𝒘𝒘 ∗ 𝑨𝑨𝒇𝒇𝒘𝒘𝒇𝒇𝒔𝒔𝒔𝒔𝒇𝒇𝒇𝒇𝒔𝒔𝒄𝒄𝒘𝒘𝒔𝒔   [Formula 2]  

 

External wind force (𝑭𝑭𝒘𝒘𝒘𝒘) in kN 

 
𝑭𝑭𝒘𝒘𝒊𝒊 = ∑ 𝒘𝒘𝒊𝒊 ∗ 𝑨𝑨𝒇𝒇𝒘𝒘𝒇𝒇𝒔𝒔𝒔𝒔𝒇𝒇𝒇𝒇𝒔𝒔𝒄𝒄𝒘𝒘𝒔𝒔    [Formula 3]  

 

Internal wind force (𝑭𝑭𝒘𝒘𝒊𝒊) in kN 

 
𝑭𝑭𝒇𝒇𝒇𝒇 = 𝒄𝒄𝒇𝒇𝒇𝒇 ∗ 𝒒𝒒𝒑𝒑(𝒛𝒛𝒘𝒘) ∗ 𝑨𝑨𝒇𝒇𝒘𝒘𝒇𝒇   [Formula 4]  

 

Friction wind force (𝑭𝑭𝒇𝒇𝒇𝒇) in kN 

Were 𝑞𝑞𝑝𝑝(𝑧𝑧𝑒𝑒) is the peak velocity pressures at the reference height and 𝑐𝑐𝑠𝑠𝑐𝑐𝑑𝑑  is the structural 
factor. 𝑐𝑐𝑓𝑓  is the force coefficient and 𝐴𝐴𝑟𝑟𝑒𝑒𝑓𝑓  the reference area, both are described in chapter 
7 and 8 in EN-1991-1-4.  

3.3.2.1 Internal and external pressure 
The wind pressure is determent by combining the external and internal wind pressure acting 
on the structure. The pressure acting on the structure is positive if it is directed towards the 
structure and negative if it is directed away and examples are given in figure 1 and 2 (EN-
1991-1-4, 5.2 (3)).  

4 

 
 

The wind pressure acting on the external- and internal structure is calculated using the for-
mula from chapter 5.2 in EN-1991-1-4 that is showed below in formula 5 and 6.  

 

𝒘𝒘𝒘𝒘 = 𝒒𝒒𝒑𝒑(𝒛𝒛𝒘𝒘) ∗ 𝒄𝒄𝒑𝒑𝒘𝒘   [Formula 5] 

Wind pressure on the external surface (𝒘𝒘𝒘𝒘) in kN/ m2 

𝑞𝑞𝑝𝑝(𝑧𝑧𝑒𝑒) = Peak velocity pressure in kN 

𝑐𝑐𝑝𝑝𝑒𝑒 = Pressure coefficient for external pressure 

Figure 1. Negative internal pressure Figure 2. Positive internal pressure 
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𝒘𝒘𝒊𝒊 = 𝒒𝒒𝒑𝒑(𝒛𝒛𝒊𝒊) ∗ 𝒄𝒄𝒑𝒑𝒊𝒊   [Formula 6]  

Wind pressure on the internal surface (𝒘𝒘𝒊𝒊) in kN/ m2 

𝑞𝑞𝑝𝑝(𝑧𝑧𝑖𝑖) = Peak velocity pressure in kN/m2 

𝑐𝑐𝑝𝑝𝑖𝑖  = Pressure coefficient for external pressure 

3.3.2.2 Peak velocity pressure 
According to Eurocode the peak velocity pressure (qp) depends on the topography and the 
roughness of the terrain, the wind climate and the reference height of the structure and are 
recommended to be determent using the formula from EN-1991-1-4 chapter 4.5 that is 
showed in equation 3.6. 

𝒒𝒒𝒑𝒑(𝒛𝒛) = [𝟏𝟏 + 𝟕𝟕 ∗ 𝒍𝒍𝒗𝒗(𝒛𝒛)] ∗ 𝟏𝟏
𝟐𝟐
∗ 𝒑𝒑 ∗ 𝒗𝒗𝒎𝒎𝟐𝟐 (𝒛𝒛) [Formula 6]  

Peak velocity pressure (𝒒𝒒𝒑𝒑(𝒛𝒛)) in kN 

𝑝𝑝 = Density of the air that can be expected to be during extreme wind conditions. The recommended value is 
1,25 kg/m3. 

3.3.2.3 Wind turbulence intensity 
lv (Z) is the wind turbulence intensity at the height Z and  are recommended to be deter-
mined by using the formula in chapter 4.4 in EN-1991-1-4 and presented in formula 3.7. 

𝒍𝒍𝒗𝒗(𝐳𝐳) = 𝒌𝒌𝒍𝒍
𝒄𝒄𝟎𝟎(𝒛𝒛)∗𝐥𝐥𝐥𝐥( 𝒁𝒁𝒁𝒁𝟎𝟎

)
   [Formula 7] 

Wind turbulence intensity (𝒍𝒍𝒗𝒗(𝐳𝐳)) 

𝑘𝑘𝑙𝑙  = Turbulence factor and has a recommended value of 1.0 

𝑐𝑐0(𝑧𝑧) = Orography factor with the value of 1.0 

z = Height above ground that is used for the structure 

3.3.2.4 Terrain category 
The length of the roughness (𝑧𝑧0) is depending on how the terrain in the area for the struc-
ture. There are five types of terrain specified in the EN-1991-1-4 Table 4.1-Terrain categories 
and is presented here in table 1. 
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Table 1. Terrain category 

3.3.2.5 Mean wind velocity 
𝑣𝑣𝑚𝑚(𝑧𝑧) is the mean wind velocity at the height of z and is determined by using factor 𝑐𝑐𝑟𝑟(𝑧𝑧) 
for the roughness of the terrain, orography factor 𝑐𝑐0(𝑧𝑧) and the basic wind velocity 
𝑣𝑣𝑏𝑏  showed in formula 8. 

𝒗𝒗𝒎𝒎(𝒛𝒛) =  𝒄𝒄𝒇𝒇(𝒛𝒛) ∗ 𝒄𝒄𝟎𝟎(𝒛𝒛) ∗ 𝒗𝒗𝒃𝒃  [Formula 8]  

Mean wind velocity (𝒗𝒗𝒎𝒎(𝒛𝒛)) 

 

Were𝑐𝑐𝑟𝑟(𝑧𝑧), if 𝑧𝑧𝑚𝑚𝑖𝑖𝑚𝑚 < 𝑧𝑧 < 𝑧𝑧𝑚𝑚𝑚𝑚𝑚𝑚  is met, and 𝑣𝑣𝑏𝑏  is determent using formula 9 and 10. 

𝒄𝒄𝒇𝒇(𝒛𝒛) =  𝟎𝟎,𝟏𝟏𝟏𝟏 ∗ � 𝒛𝒛𝟎𝟎
𝒛𝒛𝟎𝟎,𝑰𝑰𝑰𝑰

�
𝟎𝟎,𝟎𝟎𝟕𝟕

∗ 𝒍𝒍𝒍𝒍 � 𝒛𝒛
𝒛𝒛𝟎𝟎
�  [Formula 9]  

Roughness factor (𝒄𝒄𝒇𝒇(𝒛𝒛)) 

𝒗𝒗𝒃𝒃 =  𝒄𝒄𝒅𝒅𝒊𝒊𝒇𝒇 ∗ 𝒄𝒄𝒔𝒔𝒘𝒘𝒔𝒔𝒔𝒔𝒔𝒔𝒍𝒍 ∗ 𝒗𝒗𝒃𝒃,𝒔𝒔   [Formula 10] 

Basic wind velocity (𝒗𝒗𝒃𝒃) 

𝑣𝑣𝑏𝑏 ,𝑜𝑜   is the characteristic mean wind value that is taken 10 meters from the ground under a 
period of ten minutes. It is taken in terrain category II and does not depend on wind direc-
tion. The value is presented in National Annex and is in Europe normally between 20-30 m/s 
(Implementations of Eurocodes, Handbook 3, Figure 1). 𝑐𝑐𝑑𝑑𝑖𝑖𝑟𝑟  is a directional factor for vari-
ous winds with a recommended value of 1.0 and 𝑐𝑐𝑠𝑠𝑒𝑒𝑚𝑚𝑠𝑠𝑜𝑜𝑚𝑚  is a season factor with a recom-
mended value of 1.0 (EN-1991-1-4, §4.2). 

3.3.2.6 External pressure coefficient 
The pressure coefficient for buildings is presented in EN-1991-1-4 §7.2 and depends on the 
structure were the wind acts its pressure. It is divided into two coefficients were 𝑐𝑐𝑝𝑝𝑒𝑒 ,1 is for 

Terrain category 𝐳𝐳𝟎𝟎 (m) 𝐳𝐳𝐦𝐦𝐦𝐦𝐥𝐥 (m) 

0: Sea or coastal area that is exposed to the open sea 0,003 1 

I: Lakes or flat and horizontal area with negligible vegeta-
tion and without obstacles 

0,01 1 

II: Area with low vegetation such as grass and isolated 
obstacles (trees, buildings) with separations of at least 20 
obstacle heights 

0,05 2 

III: Area with regular cover of vegetation or buildings or 
with isolated obstacles with separations of maximum 20 
obstacle heights (such as villages, suburban terrain, per-
manent forest) 

0,3 5 

IV: Area in which at least 15 % of the surface is covered 
with buildings and their average height exceeds 15 m 

1,0 10 
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small elements of 1 m2 or less and 𝑐𝑐𝑝𝑝𝑒𝑒 ,10  is used for overall load bearing calculations. For 
areas up to 10 m2 it is recommended to use the formula 11. 

 

𝒄𝒄𝒑𝒑𝒘𝒘 = 𝒄𝒄𝒑𝒑𝒘𝒘,𝟏𝟏�𝒄𝒄𝒑𝒑𝒘𝒘,𝟏𝟏 − 𝒄𝒄𝒑𝒑𝒘𝒘,𝟏𝟏𝟎𝟎�𝒍𝒍𝒔𝒔𝒍𝒍𝟏𝟏𝟎𝟎𝑨𝑨  [Formula 11] 

External pressure coefficient (𝒄𝒄𝒑𝒑𝒘𝒘) 

𝑐𝑐𝑝𝑝𝑒𝑒 ,1  and 𝑐𝑐𝑝𝑝𝑒𝑒 ,10   that is presented in tables 7.2 and 7.5 in EN-1991-1-4 should be used for 
wind directions of 0o, 90o and 180o. These directions are the most critical in the wind direc-
tion of ± 45o.  

Table 7.2-7.5 in EN-1991-1-4 divides the structure into zones were each one have their own 
pressure coefficient. This is because the wind pressure acts different upon the different 
parts of the structure. How to divided duo pitch roofs is described in EN-1991-1-4, figure 7.8 
and with the external pressure coefficient in table 7.4a and 7.4b.  

3.3.2.7 Internal pressure coefficient 
The internal and external pressure is acting on the structure at the same time. The most 
unfavorable combination should be used in the calculations. The pressure coefficient that 
acts underneath the roof part that is extended from the wall is equal to the pressure acting 
upon the outer wall beneath it (EN-1991-1-4 chapter 7.2).  
 
Size and placement of the structure openings is what the internal pressure coefficient, cpi is 
depending on (EN-1991-1-4 chapter 7.2.9). It is also described how to calculate when one 
side of the building’s opening area is at least twice the size of the other sides and is then 
called the dominant side.  
 
If no dominant side is to be found on the structure, the internal pressure coefficient cpi is 
given using the figure 7.13 in EN-1991-1-4 were the height and depth of the structure is 
compared with the opening ratio. The opening ratio is calculated using formula 12 (EN-
1991-1-4 chapter 7.2.9) 
 

𝝁𝝁 =
∑𝑶𝑶𝒑𝒑𝒘𝒘𝒍𝒍𝒊𝒊𝒍𝒍𝒍𝒍 𝒔𝒔𝒇𝒇𝒘𝒘𝒔𝒔 𝒘𝒘𝒊𝒊𝒘𝒘𝒉𝒉 𝒄𝒄𝒑𝒑𝒘𝒘<0

∑𝑨𝑨𝒍𝒍𝒍𝒍 𝒔𝒔𝒇𝒇𝒘𝒘𝒔𝒔 𝒔𝒔𝒑𝒑𝒘𝒘𝒍𝒍𝒊𝒊𝒍𝒍𝒍𝒍𝒔𝒔
  [Formula 12] 

 

Opening ratio (𝝁𝝁) 
 
When calculating the internal pressure the reference height zi should be the same as ze for 
the external pressure acting on the side that is causing the internal pressure (EN-1991-1-4 
§7.2.9).  
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3.3.3 Steel 
When calculating the steel you will first have to look in the right group to get the right val-
ues. The groups A,B and C, found in EN-1993-1-11, are divided depending on the type of 
steel component. Group A contains bars and prestressed bars, group B includes strings and 
group C contains bundles of strings. These groups are then used to get the elastic modulus 
of the component (EN-1993-1-11 chapter 3.2). For group A, the elasticity modulus can be 
set to 210000 MPa and for group B and C the elasticity modulus can be retrieved from dia-
gram respectively table. The partial factor ɣm used when calculating is found in EN-1993-1-1 
chapter 6.1 

3.3.3.1 Tension of steel 
The design value NEd in every cut should always live up to: 
 
𝑵𝑵𝑬𝑬𝒅𝒅
𝑵𝑵𝒘𝒘,𝑹𝑹𝒅𝒅

≤ 𝟏𝟏,𝟎𝟎    [Formula 13] 

Control of design value (NEd) 

where Nt,Rd is the highest value of tension the cross section of the material can manage. 
When choosing the value of Nt;Rd , the one of the equations 6.6 and 6.7 in EN-1993-1-1 
Chapter 6.2.3, presented as formula 3.14 and 3.15 below, with the lowest value should be 
picked. 
 

𝑵𝑵𝑷𝑷𝒍𝒍,𝑹𝑹𝒅𝒅 = 𝑨𝑨∗𝒇𝒇𝒚𝒚
𝜸𝜸𝑴𝑴𝟎𝟎

   [Formula 14] 

Design plastic resistance of a cross section (𝑵𝑵𝑷𝑷𝒍𝒍,𝑹𝑹𝒅𝒅) 

 

𝑵𝑵𝑼𝑼,𝑹𝑹𝒅𝒅 =  𝟎𝟎,𝟏𝟏∗𝑨𝑨𝒍𝒍𝒘𝒘𝒘𝒘∗𝒇𝒇𝒔𝒔
𝜸𝜸𝑴𝑴𝟐𝟐

   [Formula 15] 

Design ultimate resistance of a cross section with holes (𝑵𝑵𝑼𝑼,𝑹𝑹𝒅𝒅) 

3.3.3.2 Transverse load 
As presented in EN-1993-1-1 chapter 6.2.6 the design value VEd should never extend the 
value of VC,Rd, also shown in formula 3.16. 
 
𝑽𝑽𝑬𝑬𝒅𝒅
𝑽𝑽𝑷𝑷𝒍𝒍,𝑹𝑹𝒅𝒅

≤ 𝟏𝟏,𝟎𝟎     [Formula 16] 

Control of design shear force (VEd) 

 
When calculation the Value VPl;Rd you need to find the shear area Av . In EN-1993-1-1 chapter 
6.2.6 this value can be calculated depending on the dimensions of the cross section. When 
Av is found VPl,Rd can be calculated using equation 6.18 in EN-1993-1-1, presented here as 
equation 3.11. 
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𝑽𝑽𝑷𝑷𝒍𝒍,𝑹𝑹𝒅𝒅 =

𝑨𝑨𝒗𝒗∗(
𝒇𝒇𝒚𝒚

√𝟑𝟑
� )

𝜸𝜸𝑴𝑴𝟎𝟎
    [Formula 17] 

Design plastic shear resistance (Vpl,Rd) 

3.3.4 Beam deflection 
When calculation the reaction forces of the supports on a beam with three supports  
you will have to start by finding out the reaction force of one support and from there calcu-
late the two other reaction forces. Because the support is fixed, there cannot be any deflec-
tion of the beam at this point. To do this you replace the support in the middle with a reac-
tion force.  This force will counteract the deflection of the down going force to make the 
deflection to zero at the point of the support. With Formula 18,19 and 20, found in Machi-
nery’s Handbook 25th edition p.234-237, describe the calculations of the reaction forces. 
Beam deflection between supports by an overhanging load outside the supports. 
The load at the overhang creates a bending moment that will affect the beam between the 
supports and bend it upwards: 

𝒚𝒚 = − 𝒒𝒒∗𝒄𝒄∗𝒔𝒔
𝟐𝟐∗𝟔𝟔∗𝑬𝑬∗𝑰𝑰∗𝒍𝒍

(𝒍𝒍 − 𝒔𝒔)(𝟐𝟐 ∗ 𝒍𝒍 − 𝒙𝒙)  [Formula 18] 

Deflection at any point between the supports 

 

Beam deflection by a non-centered single point load: 

𝒚𝒚 = 𝑷𝑷∗𝒔𝒔𝟐𝟐∗𝒃𝒃𝟐𝟐

𝟑𝟑∗𝑬𝑬∗𝑰𝑰∗𝒍𝒍
    [Formula 3.19] 

Deflection at the load 

 

Beam deflection by a line pressure load: 

𝒚𝒚 = 𝒒𝒒∗𝒍𝒍∗𝒔𝒔∗𝒃𝒃
𝟐𝟐𝟐𝟐∗𝑬𝑬∗𝑰𝑰∗𝒍𝒍

(𝒍𝒍𝟐𝟐 + 𝒔𝒔(𝒍𝒍 − 𝒔𝒔))  [Formula 20] 

Deflection at any point 

3.3.5 Compression of timber 
The characteristic value fk has to be transformed to fd in order to continue with the calculations. 
the formulas below in this chapter is showing how it’s done and are found in “Byggformler och Ta-
beller”, Johannesson P 11th edition, p. 65-66 

fd is calculated by taking the characteristic value and combine it with the parameters ɣM, kmod and 
also kh when looking at bending and tension of timber. This gives the equation 3. to calculate fd 

𝒇𝒇𝒅𝒅 = 𝒌𝒌𝒎𝒎𝒔𝒔𝒅𝒅 ∗
𝒌𝒌𝒉𝒉∗𝒇𝒇𝒌𝒌
𝜸𝜸𝒎𝒎

   [Formula 21] 

Design value (fd) 
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kmod is a parameter depending on the climate timber is going to be constructed, and the time length 
of the loads. 
kh is a parameter depending on the cross section size of the timber. 
ɣm is the partial safety factor. 1,3 for massive timber and 1,25 for Glued laminated timber 

When calculation compression of long timber structures you have to pay attention to the 
slenderness and calculate a factor kc to multiply with fd. The value of slenderness “λ” should 
never exceed 27 

𝛌𝛌 = 𝑳𝑳𝒄𝒄𝒇𝒇
𝒊𝒊

    [Formula 22] 

Value of slenderness (λ) 

Lrc is the cracklength which is calculated by taking the length L of the timber multiplied by 
the parameter β.  

β= 2.25 for timber with one free end and one fixed end 
 0,85 for timber with one jointed end and one fixed end 
 1,0 for timber with two jointed ends 
 0,7 for timber with two fixed ends 

i is the radius of gyration. 

If λ exceeds 27 the value λrel has to be calculated. 

𝛌𝛌𝐫𝐫𝐫𝐫𝐥𝐥 = 𝛌𝛌
𝝅𝝅�

𝒇𝒇𝒄𝒄=𝒌𝒌
𝑬𝑬𝟎𝟎,𝟎𝟎𝟎𝟎

   [Formula 23] 

Value of relative slenderness (λrel) 

After that you calculate the kc: 

 𝒌𝒌𝐜𝐜 = 𝟏𝟏

𝒌𝒌+�𝒌𝒌𝟐𝟐−𝛌𝛌𝐫𝐫𝐫𝐫𝐥𝐥𝟐𝟐
   [Formula 24] 

instability factor (kc) 

Where 

𝐤𝐤 = 𝟎𝟎,𝟎𝟎 ∗ (𝟏𝟏 + 𝛃𝛃𝟏𝟏 ∗ ( 𝛌𝛌𝐫𝐫𝐫𝐫𝐥𝐥 − 𝟎𝟎,𝟑𝟑) +  𝛌𝛌𝟐𝟐𝐫𝐫𝐫𝐫𝐥𝐥)  [Formula 25] 

Reduction factor (k) 

And β = 0,2 for massive timber and 0,1 for Glued laminated timber. 

𝝈𝝈𝒄𝒄𝟎𝟎𝒅𝒅 ≤ 𝒌𝒌𝒄𝒄 ∗ 𝒇𝒇𝒄𝒄𝟎𝟎𝒅𝒅   [Formula 26] 

Control of design compressive stress (σc0d) 

Where σc0d is the compression in the timber by an action. 
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3.3.6 Testing of material 
Testing of material properties without the help of a lab or proper tools will not give an exact 
value and must therefore be handled with care. In EN-1990 it is described that material is to 
be tested under specific conditions in standardized tests. If a standardized test not is appli-
cable and there is a uncertainty of the material properties an partial factor (Ym) can be used 
to get a more conservative value (EN-1990 §4.2.).  
 
In EN-1990 Annex D it is described how to perform a standardized test of material. A test 
plan should be agreed showing what the test is supposed to evaluate. In the test plan the 
objectives and prediction of results should be clarified and this concludes the material prop-
erties, geometrical imperfections and limitations of the test. It should also show in which 
way the test samples are selected and how many tests will be performed. The specimen 
should be evaluated from factors like dimension and tolerance, sample procedures and ma-
terial. The loading specifications like loading points, temperature and relative humidity and 
loading history should also be documented. The test plan should also show how to measure 
the result. 
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4 Fact sources 
Due to the lack of internet and electricity, and the fact that the thesis will be written in an 
for us, isolated village, we will have to rely on the material brought on the field study. Ma-
terial from structural courses in the past are going to be of help when calculating and also 
when choosing the design of some parts of the roof. When calculating we will be using the 
parts in the Eurocode that is vital for dimensioning the parts of the structure we will be fo-
cusing on. 
 
A literature study has been carried out with the help of the literature we brought on the 
field trip. This study has helped us to construct and dimension the parts of the roof that we 
focus on.  
 
School construction in DR Congo, a report on the school situation and construction of build-
ings in DRC by Elofsson and Perssons have been studied deeply together with Elikia Lovisa-
Skolan, a report were the design of the schools are presented, by Bashiri, Ekdahl, Egstam, 
Grimfeldt and Möllerstedt. 
 
The stress test that will be carried out during the field trip will be based on the knowledge 
gathered during previous courses. 
 
During the field study we will investigate the constructing techniques and materials used in 
Lwengo basilla and discuss these with the people living there to gather more information 
about the sustainability of the construction materials.  
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5 Implementation 

5.1 Blueprints and onsite measurements 
In the report Elikia Lovisa-Skolan by Bashiri et al. some three dimensional drawings as 
showed in figure 6 on the school was presented. These drawings have been working as a 
base for the design of our roof construction. In the report a number of factors were pre-
sented to be used for the construction. Some of these have changed before we began writ-
ing this report and some we have changed to create a more suitable solution.  
 
The roof was intended to have a slope of 16o, a center distance of 1200 mm between the 
trusses and with a column on every second truss. The dimensions for the outer wall of the 
school were set to 28310 mm * 6350 mm. It was also supposed to be built with pressure-
treated timber from Sweden that Svenska träskyddföreningen would donate to the school 
(Bashiri et al. 2013). But as the transportation cost exceeded the cost of buying the timber 
locally this was changed.  
 
The dimension of the school on arrival in Lwengo Basilla was 28340*6440 mm. The outer 
wall had been built up to about the upper part of the windows and is showed in picture 3. 
 

 
Picture 3. The school one week after arriving to Lwengo Basilla. Photo by:Daniel Hällqvist 

 

5.2 Wind actions 
To calculate the wind force on the roof some factors first need to be determined, such as 
the terrain category and the fundamental value of the basic wind velocity (vb,0). In EN-1991-
1-4 the terrain factor II is described as “Area with low vegetation such as grass and isolated 
obstacles (trees, buildings) with separations of at least 20 obstacle heights”. Since the loca-
tion of the schools is located on an open field with no other buildings in the area as showed 
in picture 4 the terrain category II is used in this calculations. 
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Picture 4. Area of the school. Photo by: Shwan Delshad. 

 
There is no data to be found on vb,0 in DRC and because of the lack of local measurements in 
the Menikongo area, the highest value of vb in Sweden according to Boverkets föreskrifter 
och allmänna råd om tillämpning av europeiska konstruktionsstandarder (EKS 8, BFS 
2011:10) Tabell C-10 is used. The vb value that will be used will be 26 m/s and the high value 
will act as a safety factor. 

5.2.1 External pressure 
The mean wind velocity was calculated to 21.38 m/s using the roughness factor of 0,8223. 
With the turbulence intensity Iv of 0,231 the peak velocity pressure qp was calculated to 
0,748 kN/m2. 

5.2.2 Internal pressure 
The openings of the school consist of doors and windows. On the side facing the porch there 
is a total of six windows and three doors with a total opening area of 11.985 m2. The oppo-
site side got 12 windows with the total opening area of 13.260 m2. Cpi was calculated to 0,03 
and the qp(2,8) to 0,430 kN/m2. 

5.2.3 Protruding roof 
The peak velocity pressure is the same as in the internal pressure because the same height z 
is used. Cpe is 0,75. 

5.2.4 Total wind force 
The external forces that act to lift the roof is 122,06 kN and the internal forces also trying to 
lift the roof is 33,92 kN. This makes the total wind force 𝐹𝐹𝑤𝑤=155,98 kN. 
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5.3 Calculations of the battens prior to the fieldtrip 
Since the knowledge of the timber’s strength and density prior to the field study was highly 
restricted, a calculation of the battens was made using data from timber of the lowest 
strength class C14 to have a safety margin when ordering the dimensions of the timber. 
The calculation of the battens is made to make sure that it will be safe during the construc-
tion phase to be working on top of the roof without hurting oneself or the structure. 
 
The battens will be calculated for a load of one person standing on the batten between each 
truss as showing in figure 4. In the Eurocode 1 kN/m2 is set to be the construction loads but 
as this is a batten we have used this point load of 1 kN instead. To have additional safety 
margin the climate class, when calculation fmd, were set to climate class 3 (very exposed) 
and short time load. The distance between trusses is 1500 mm and the distance between 
the battens is 500 mm. The distance between the trusses is higher than the standard length 
in Sweden of 1200 mm, this is because there is no snow load that acts on the roof and 
therefore the distance can be highe

 
Figure 3. Length of the battens 

 

Figure 4. Loads on battens during construction 
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Since the battens stretch over 5 meters as showed in figure 3, the loads of 1kN on the bat-
tens were calculated between four trusses. Calculation of the moments and reaction forces 
can be found in appendix 2 and shows that the dimension of 50*75mm is needed for the 
battens to bear the moments. 

5.4 Timber 
The timber for the school has been ordered from and delivered by a local producer of tim-
ber. A benefit of doing this is that the transport distance is reduced significantly. This is also 
of importance both for the environment and that the thought is that the inhabitants of the 
villages themselves in the future should be able to construct buildings like this.  Because of 
the substandard roads and the fact that almost no one in the smaller villages owns a car, the 
transportation of timber longer distances is hard, and finding locally produced timber 
enabled them to get this material for the buildings. 
 
A thing to consider when ordering is that the timber is produced when ordered. This means 
that the delivery of the timber can take a long time since the whole process of making the 
timber has to be done, from cutting trees to cut out the dimensions of the boards. When 
delivered, the timber is still fresh and contains a lot of damp and has to be dried out 
At the meeting with the timber producer it became apparent that the timber had a much 
higher strength class then the calculated C14 as a simple strength test was made. Therefore 
a smaller dimension of 50*50 mm was ordered for the battens. The timber is compact and 
heavy and to find out around which strength class this timber is located, a simple strength 
test was carried out, where the flexural strength was tested, called a three point bending 
test. 

5.4.1 Stress test 
This test is performed to calculate the strength properties of the timber used in the con-
struction. By testing the bending strength (fmk) we can compare the timber with the strength 
class in the Eurocode. The test is performed with a single specimen because of the lack of 
more material. This gives the test a major uncertainty as no consideration has been given to 
the geometrical imperfection and material properties that can separate the result when a 
bigger test group is checked. The loading points and weight of the load also gives the test 
some uncertainty as the weight is approximate and the loading point is sometimes divided 
unevenly. 
 
A board with a cross section dimension of 50*50 mm was placed between two points with a 
measured span. Different loads were put on top of the board at different spans to measure 
the strength properties for bending. The three loads in this case, with lack of good specific 
weights, were three persons with different weight, one with a weight of 65 kg, one of 80 kg 
and one of 107 kg. The test started at the span of the distance between the trusses (1650 
mm) as showed in picture 5. 
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Picture 5. Stress test of the timber. Photo by: Daniel Hällqvist 

This is the largest span of the battens of this dimension on the structure, therefore it was 
chosen. The loads were increased at this span until the two largest persons (187 kg) were 
standing on the board. If the board didn’t break, the span was increased, and the procedure 
was done again until the board cracked.  
The result of the test was that the board cracked at a weight of 187 kg with a span of 
2250mm. From this data the fmk of the wood could be calculated and compared to the 
strength classes found in the Eurocode. 
 

Calculations of fmk: 

 

 𝑀𝑀 = 𝐹𝐹∗𝐿𝐿
4

 

 𝐹𝐹 = 187 ∗ 9,81 = 1835 𝑁𝑁 => 1,835 𝑘𝑘𝑁𝑁 

 𝑀𝑀 = 2,25∗1,835
4

= 1,032 𝑘𝑘𝑁𝑁𝑚𝑚 

 𝑊𝑊𝑦𝑦 = 𝑏𝑏∗ℎ2

6
=  0,05∗0,052

6
= 2,083 ∗ 10−5 𝑚𝑚3 

 𝑓𝑓𝑚𝑚𝑘𝑘 =  𝑀𝑀𝑅𝑅𝑘𝑘
𝑊𝑊𝑦𝑦

=  1,032
2,083∗10−5 = 49,5 𝑀𝑀𝑀𝑀𝐴𝐴 

 

When compared with the Eurocode strength properties for bending this value is close to 
C50 with a value of 50 MPA (EN-338). Because of the high uncertainty in the test, the lower 

Figure 5. force on a beam between two 
supports 
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class C40 is used to perform the calculations. This can be compared with a safety factor of 
0,808. 

5.4.1 Heaviness control: 
To be able to know the weight of the whole roof, the heaviness of the timber had to be 
measured. To do this, a piece of timber were cut out and weighted. The result is presented 
below: 

Volume: 0,002382m3 

Weight: 1955g = 1.955kg 

Dead weight of the timber g = 1,955 ∗ 9,81 = 19,198 𝑁𝑁 = 0,019198 𝑘𝑘𝑁𝑁 

0,019198
0,002382

= 𝟖𝟖,𝟎𝟎𝟎𝟎𝟏𝟏𝟔𝟔 𝑘𝑘𝑁𝑁/𝑚𝑚3 

5.4 Columns 
To be able to support the roof on the porch columns will be constructed. In the report “Eli-
kia Lovisa skolan” wooden columns were choosen for the design, and they would be placed  
at every second roof truss as presented in figure 6. 

 

Figure 6. First proposal for the columns. From: Elikia Lovisa-skolan. 

In the proposal for the columns in this thesis the columns will be placed at every third roof 
truss instead of every second truss, seen in figure 7 below. 

 

Figure 7. Placement of the columns. 



30 

 

5.4.1 Wooden column 
In this proposal the selected material for the 
column is wood. It is a material that will inte-
grate well with the roof and the rest of the 
structure. 
 
The column will be built up by three boards of 
wood that are nailed together. A beam to at-
tach the roof trusses to the columns will be 
fixed in between the two outer boards. This 
beam will stretch between the columns where 
the trusses are going to be nailed to the beam. 
Right where the column is, a roof truss will be 
situated. To attach this, and to make a 
smoother meeting of the roof and columns, 10 
cm of the column will be cut out with the same 
width as the roof truss to get a good place for 
nailing the truss. 
 
The main force that the columns will be ex-
posed to is going to be the loads of the wind. 
The wind will produce a suction of the roof 
upwards and therefore the dimensioning will 
have to be made considering this load and it is impor-
tant to have a strong attachment to the ground. 
 

 

 

 
 
 
 
 
 
 
 

 
. 

 

Figure 8. Wooden column. 

Figure 9. Attachment of the column to the beam and roof truss. 
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Outside between the wall of the building and the columns there will be a concreted porch. 
To attach the columns it would have been desirable to place a post base into the concrete 
and then nail the column into it, but since there is no wide range of building material in the 
area, this was not to be found at all. Another solution had to be found using material found 
in the nearby areas. A local building technique is to put the column in the ground, place 
plastic around it and then put concrete to fix it. The problem of doing that is that moist easi-
ly could get caught and destroys the wooden column. Therefore this solution was not taken 
in consideration. 
 
 Reinforcement bars is easy to find, they are flexible, strong and easy to bend, so they could 
be a good substitute for the post base. The first proposal consisted of four single reinforce-
ment bars, one on each side of the column. These would be fixed with nails and then the 
bars would be bent at the top and fixed with another nail. When bending the reinforcement 
bars, there is a risk that they could be bent back by the up going wind force and the strength 
of the attachment would be lost. 
 
A solution for this is to fix the other side in the concrete to prevent it from bending up. 
On this basis the proposal for the attachments of the columns consists of reinforcement 
bars bended and placed in the concrete foundation as showed in figure 10. The foundation 
of the column will be slightly higher than the rest of the porch to prevent water from flow-
ing under the column as presented in figure 11. Plastic will also be installed beneath the 
wood to prevent moist in the concrete to move up in the wood.  

 

 

Figure 11. Attachment of the column to the ground Figure 10. Foundation of the columns 
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5.4.2 Column made of bricks 
One alternative is to use columns built up by masonries bricks. There will be three brick per 
layer and reinforcement bars will run through the structure as showed in figure 13 and 14. 
These rebars will then be used to fix the roof trusses to the column. The truss will be placed 
on top of the column and the rebars will be bent and fixed with U-nails. The column will be 
masonried to the concreted porch to get attachment to the ground. Even this proposal will 
integrate well with the rest of the building and can be seen as an extension of the wall to 
make an outer room for the schoolchildren. The structure will be heavy and stable, and an 
advantage of this proposal compared to the one made of timber is that it is more resistant 
to moist and will not be degraded as quickly. 
 

 

 

 

 

 

 

 

 

 

  

 

A problem with this proposal is to find an easy way of attaching the rest of the roof trusses 
to the column. An idea could be to drill holes in a beam, and then place it through the rein-
forcement bars, and then place the truss on top of it and fix the truss with the reinforce-
ment bars. Due to the lack of electricity in the village an electrified drilling machine is not an 
option, and the very hard wood will make it difficult to drill these holes with a hand drill. 

5.5 Attachment of the trusses to the wall 
As the total wind force that is trying to lift the roof with 156 kN as showed in chapter 5.2 we 
will have to find a solution that can attach and secure the roof from lifting or moving. We 
have looked at four different solutions that can be used for this structure. 

Figure 12. Columl made of bricks Figure 13. Roof truss attached to the masonred column 
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5.5.1 Wall plate attached with threaded rebar 
By using a wall plate the positions of the trusses is unrestrained and can be adjusted on the 
wall. The wall plate will be attached to the outer wall with rebar that is molded into the ma-
sonry. The rebar will be inserted through the wall plate and secured with a screw-nut as 
showed in figure 14. 

 

Figure 14. Attachment of the wall plate secured with rebars and screw-nut. 

A problem is to thread the rebar since it requires tools that can be hard to find locally. The 
use of wall plate also prevents the outer wall to continue with the bricks for closing the gap 
up to the metal sheet. The trusses will be connected to the wall plate by using the same 
timber as for the battens with the dimension of 50*50mm on each side of the truss. Each 
truss will have four nails connected to it, two from each side and will be connected to the 
wall plate with four nails. 

5.5.2 Wall plate attached with metal strip 
Another solution with wall plate is to use a metal strip that is molded into the masonry as 
showed in figure 15, and connected to the wall plate with nails or screws on the top of the 
wall.  

 
Figure 15. Metal strip moulded into the wall 

When three layers of brick is left on the wall before the wall plate a metal strip is placed 
over the wall, this is then molded into the wall as presented in figure 16. The trusses will be 
connected to the wall plate the same way as in 5.5.1. Since no holes are needed in the wall 
plate and the metal strip can be put at any position in the wall this is an easy way of attach-



34 

 

ing the trusses. A problem is that the metal strip will be visible on the outside of the wall 
and therefore exposed to the weather. 

 
Figure 16. Wallplate connected with metal strip 

5.5.3 Rebar trough trusses 
This attachment is built up by a rebar running 
through a drilled hole in the roof truss. The rebar 
will to get a connection to the wall. The rebar will 
then be bent and threaded through the truss (see 
figure 17, 18 and 19). Once placed, the trusses 
will be fastened with u-shaped nails. 

If using this type of attachment for the trusses, it 
will be needed to be done at every roof truss.  
Holes have to be drilled in every roof truss, with 
precision, to be able to get the rebar through it. 
A thing to consider is the increased risk of forma-
tion of cracks in the timber. By drilling a hole the 
effective area of the timber will be reduced. 

   

Figure 17. Rebar to attach the roof truss. 

Figure 19. Rebar going through the roof 
truss to connect it to the wall. 

 

Figure 18. Rebar going through the 
roof truss to connect it to the wall. 
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5.5.4 Rebar over the trusses 
Another solution with rebars is to connect them in the top running rebars in the outer wall 
as showed in figure 5.4. The upper rebars will be running with three layers of bricks be-
tween them and the trusses. Between the trusses two more layers will be laid to fill the gap 
up to the metal sheet.   

 

 

The rebars will pass over the truss from each side as showed in figure 5.19 and be con-
nected with U-nails. In Byggforskningens informationsblad B:4 1972, this is presented as an 
option for attaching trusses in masonry walls. By rasping the top of the truss the rebar will 
get a good abutment. 

 

Figure 20. Rebar in the outer wall. From Elikia Lovi-
sa-skolan 

 

Figure 21. Position of rebar in the wall. 
From Elikia Lovisa-skolan 

 

Figure 23. Attachment with rebars over the roof truss 
with the last two layers of bricks are masonried 

Figure 22. Attachment with rebars over the roof truss 
before the last two layers of bricks are masonried 
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6 Result 

6.1 Selection of the columns 
The selected column for the structure will be the 
one made out of timber presented in chapter 5.4.1. 
This column was considered the best alternative 
because of the good ability to connect the rest of 
the roof trusses over the porch to the foundation. 
The quality of the bricks can in some cases be subs-
tandard and a column of bricks could be wear down 
by smaller impacts from for example people. The 
village had a good carpenter who also was a part of 
the construction team, but no bricklayer, so if it’s 
needed to be replaced the solution with wooden 
column is easier and quicker to rebuild.  
 

The first thought was that the wind will produce a 
suction of the roof upwards. Therefore the dimen-
sioning will have to be made considering for this 
action and it is important to have a strong attach-
ment to the ground. A strong attachment is needed, 
but the wind’s action on the columns will result in a 
down going force, as seen in chapter 6.2.1. There-
fore calculations of the columns dimension will be 
done to prevent buckling of the timber. 
 
The columns were built up by three pieces of tim-
ber, two with the dimensions 175*50 mm and one 
placed in between these with the dimension of 
175*75 mm. The middle piece of the columns was 
made 220 mm shorter than the others. And the 
beams running between the different columns were 
placed on this middle piece. 
  
When placing the columns in between the rebars in 

the foundation, a minor problem occurred. The dis-
tance between the rebars was too tight, and the 
dimension at the lowest part of the columns had to 
be decreased to fit. 

Picture 6. The column with attachment of the 
beam and roof truss. Photo  by: Arvid Nystedt 

Picture 7. Attachment of the column to the founda-
tion. Photo by: Daniel Hällqvist 
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6.1.1 Calculation of the columns  
The slenderness λ of the timber was calculated to 35,33. And because  λ ≥ 27, the reduction 
factor kc has to be calculated to get a reduction of the timbers ability to resist buckling. The 
value of kc was 0,933and this leads to kcf cod = 27 MPa (see appendix 8). The pressure from 
the wind action and the load of the trusses will be 12,225 kN. Which leads to σcod = 0,41 
MPa. 

6.2 Selection of attachment of trusses 
Rebar over trusses was decided to be the best alternative for the school. This is because all 
the material needed already could be found at the construction site and that it is easy to 
hide the attachments in the wall. In the Elikia Lovisa-skolan report wall plate were described 
to be the best alternative because the easy attachment between trusses and wall plate. A 
problem with this solution is that it leads to a gap between the wall plate and metal sheets. 
This gap can easily be filled with bricks if no wall plate is connected to the structure. 
 
Two rebars on every truss that is connected to a column were decided and there were total 
of 28 rebars, four on each truss. Staples nails were constructed by cutting and bending the 
nails used for the trusses. Every rebar was connected by six staple nails each and worked 
with a hammer to get it tightly to the truss. The top of the truss was also rasped to get a 
smooth crossing. In picture 8 one of the attachments is displayed. 
 

 
Picture 8. Attachment of the truss. Photo by: Daniel Hällqvist 

6.2.1 Wind force area on attachment 
To be able to calculate the impact of the actions and loads affecting the attachments, the 
largest area of these from the roof at the attachment points had to be found. First the larg-
est action width between the trusses was calculated. To do this a simplified method was 
used seeing the load at the walls and columns as a long continuous beam with a spread 
load. 
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The longest action width was calculated to 5,094 m (see appendix 5). At the other direction 
the largest reaction force of the supports A,B and C(column) had to be calculated in order to 
get the length of the actions at each point. The reaction forces were calculated to  
A= 4,645q kN, B= 6,37q kN and C= -2,4q kN (see appendix 6). The force 6,37 q can be seen as 
that the support B is taking up the force from the length of 6,37m. This length and width 
combined results in a total area of 32,45m2 

6.2.2 Reaction force 
The actions and loads from the wind and the roof has to be transformed to a worst case 
scenario to have a safety margin when calculation the attachments of the trusses. First of all 
the building has to be given a reliability class. This was set to reliability class 2. The wind 
action will be given a reduction factor: 0,3. Then the value of the dead load was calculated 
to 0,238kN/m2 and the wind action to 0,789kN/m2. The wind action is a force going up, and 
the force of the dead load will be going downwards. This leads to that these two counteract 
forces with each other, giving a total action of 0,789-0,238 = 0,551kN/m2 that is pointing 
upwards. 
 
From this value and the total area of the load, the action to the attachments at the most 
dangerous place of the structure(attachment 6:2) can be set to 0,528*32,45 = 17,13kN. 
Attaching the roof trusses with two rebars will lead to a normal force(NEd) in the rebars of 
8,57kN/rebar. This Is the required force the rebars should hold. The maximum force that the 
rebar can handle(NPl) was calculated to 12,299 kN, which is larger than NEd => OK (See ap-
pendix 9) The requirement of the transverse load VPl is 4,28kN. It was calculated to 4,52kN 
which is OK (see appendix 9). 
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7 Analysis 
As described before the design life-span of a building structure in the Eurocode is 50 years 
and structural parts that are replaceable should have life-span of 10-25 years. As most of 
the parts in the roof is open and easy to inspect there is a good chance of acknowledging if 
some structural parts are needed to be replaced.  
 
The timber in this project was very fresh when sawn and delivered. Because of the warm 
climate the timber dried very quickly and this led to the fact that some became bent. This 
made some of the attachment work of the trusses to the beams difficult. It was also difficult 
to nail the wood, so it would have been good to get the timber dried out in advance before 
delivered. 
 
As the timber has not been pressure-treated and will be exposed to the high humidity and 
temperature in the area there is a risk of it to rot. But as this timber has been used for sev-
eral buildings in the area and showed to have a high resistance against rot this is not likely 
to be a problem. 
 
The nails that were bought and available for this project were in some cases to big and could 
cause the timber to crack. But since the budget is very restricted for this project, we decided 
to use this nails and it went well. In some cases it would have been good to predrill a hole 
for the nail. 
 
In similar buildings a problem have often been that water will get through the nail holes in 
the metal sheet and continue down to the battens. The temperature under the metal sheet 
can be extremely high during sunlight. This together with the direct contact of water can 
cause the battens to rot as it is extremely preferable for mold spores to grow. During the 
construction phase rubber washer for all the roofing nails were cut out to prevent the rain-
water to penetrate the nail holes. 
 
In the area there are some problems with termites that can damage the structures. As the 
timber had been separated from the ground and inspected before the construction the risk 
is low that the termites will localize the roof. The columns, that are closer to the soil is more 
likely to be attacked but as it is resting on the concrete on the porch there should not be a 
problem. If a problem with termites would occur on the columns these are easy to replace. 
Some of the concrete under the columns cracked when lifting and installing the columns 
because the rebar were put to tight.  
 
Before the field trip we discussed the possibility of making the roof heavier to compensate 
the wind load acting on the roof. This was not done since there was not enough time and 
because of the difficulty of learning of what material that is available in the area.   
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When coming up with the suggestions for the attachments and the columns we had to de-
sign them to suit the availability of material. We also couldn’t decide which one of the sug-
gestions that was best for the structure until we arrived in the village because we didn’t 
know in beforehand the progress of the construction. Because of this the time was very 
short to prepare and describe for the workers how the work should be done. We also had to 
figure out the attachment of the wooden column on site because we had to come up with 
an own idea of a post base for the column from what we could find in the area. It would 
have been preferable to have all the information in advance. 
When constructing in areas like Sweden, most of the time you can choose the design of a 
building and structure and then get the right material needed for the project. In Lwengo and 
many other small villages, this is not an option because lack of material and proper trans-
portation. This has forced us to think differently and always have in mind that not every-
thing is to be found, and find other solutions for problems. It has also made us realize that a 
lot of things can be done with restricted access to material. 
 
The construction of the schools in Lwengo Basilla is a small scale charitable project, where 
Miza, the founder of the project, has a personal connection to the area.  
In this project the schools are built together with the local inhabitants, who will learn the 
new building techniques, build school number two themselves and hopefully pass it on to 
other. It’s important to not just give money to charity, but also teach and give out know-
ledge and tools for people to be self-dependent. This project is a mix of that, where money 
is collected to get the ability to carry out a project where experiences are shared. 
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8 Conclusions: 
Four types of suggestions of the attachments were made and the most suitable were chosen 
and calculation of it was performed. This attachment was later used for the structure. Two 
types of suggestions for the columns were made and one was picked to the structure. As 
mentioned in chapter 6.2, rebar over trusses was decided to be the best alternative for roof 
truss attachments. This is because all the material needed already could be found at the 
construction site and that it is easy to hide the attachments in the wall. The solution of 
wooden columns was chosen because it had an easy way of connecting all trusses to the 
foundation, and also because it will be easier to replace in the future if needed. The roof 
was built only with material that can be found in the area and the second school will be able 
to use the same material. The people in the village that were working with the roof received 
the knowledge to construct a similar roof by themselves and start building it later this year. 
The structure of the roof is  constructed to be secure and long lasting by the circumstances 
but the metal sheet used can be affected with rust as similar metal sheets that has become 
rusty is located in the area.  
 
It is important to separate the timber from the soil as termites are located in the area and 
can damage the timber quickly. It is also important to cover the timber so that is not directly 
under sunlight as this can cause the water to evaporate too quickly and bend the timber, 
and if possible, buy timber that is already dried. The width of the nails should not be to 
more then 4,5 mm since it can cause the timber to crack. The concrete under the columns 
should be made wider so that the rebars have a bigger layer of concrete outside.  
 
For further projects like this it can be good to look closer on local structures and try to get 
more information about the timber used for the construction. Insight in the material costs 
can be helpful when ordering the material and to design the school, so you know where you 
can cut the costs where it’s possible. 
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9 Recommendations for the next school 
In future projects it can be good to explore the possibility of making the roof heavier to 
compensate the wind loads and therefore reduce the risk of the roof to lift.  A solution to 
make the roof more sound proof should also be considered as the heavy rainfall otherwise 
can cause some issues during the class.  As metal sheet gets very warm in the sunlight it 
could also be good to look at other material that can help to a better inner climate.  The 
possibility of making a green roof would be good to look at as it can be a cheap way of deal 
with these issues. Another solution could be to produce own roof tile together with the 
bricks. This could help to reduce the noise of the rain, make the roof heavier and also help 
to get a cooler inner climate.  
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