
Conceptual design of bridges suitable
for rurally isolated areas
Development of a conceptual design process for bridges
in rural Rwanda
Master’s Thesis in Structural Engineering and Building Technology

LISA RYRSTEDT
PETER STANEK SÖRNER

DEPARTMENT OF ARCHITECTURE AND CIVIL ENGINEERING
DIVISION OF STRUCTURAL ENGINEERING
DIVISION OF ARCHITECTURAL THEORY AND METHODS

CHALMERS UNIVERSITY OF TECHNOLOGY
Master’s thesis ACEX30
Gothenburg, Sweden 2025





MASTER’S THESIS ACEX30

Conceptual design of bridges suitable for rurally isolated areas
Development of a conceptual design process for bridges in rural Rwanda

Master’s Thesis in Structural Engineering and Building Technology

LISA RYRSTEDT
PETER STANEK SÖRNER

Department of Architecture and Civil Engineering
Division of Structural Engineering

Division of Architectural Theory and Methods
CHALMERS UNIVERSITY OF TECHNOLOGY

Gothenburg, Sweden 2025



Conceptual design of bridges suitable for rurally isolated areas
Development of a conceptual design process for bridges in rural Rwanda
Master’s Thesis in Structural Engineering and Building Technology

LISA RYRSTEDT
PETER STANEK SÖRNER

© LISA RYRSTEDT & PETER STANEK SÖRNER, 2025.

Examensarbete ACEX30
Institutionen för Arkitektur och Samhällsbyggnadsteknik
Chalmers Tekniska Högskola, 2025

Department of Architecture and Civil Engineering
Division of Structural Engineering
Division of Architectural Theory and Methods
Chalmers University of Technology
SE-412 96 Göteborg
Sweden
Telephone +46 31 772 1000

Cover:

Department of Architecture and Civil Engineering
Göteborg, Sweden, 2025

I





Conceptual design of bridges suitable for rurally isolated areas
Development of a conceptual design process for bridges in rural Rwanda

Master’s thesis in Structural Engineering and Building Technology

LISA RYRSTEDT

PETER STANEK SÖRNER

Department of Architecture and Civil Engineering
Division of Structural Engineering
Division of Architectural Theory and Methods
Chalmers University of Technology

ABSTRACT

The bridges being built in Europe today are often designed with a focus on either aes-
thetical qualities or on technical innovation. This leads to complex structures requiring
access to high performance materials and specialised knowledge, which is only avail-
able in certain parts of the world. But bridges are needed all over the world, not least
in rural areas where the resources are limited. In Rwanda, one example of a third world
country with large rurally isolated areas, one bridge can provide access to vital resources
such as education and healthcare for a whole community. But the available knowledge
regarding how to design bridges for rural areas is limited. Therefore, information about
the context of rural Rwanda is gathered as basis for developing an alternative design
process adapted to the critical design challenges of rural areas. Historical bridges and
structures from other disciplines are also explored as references for this conceptual de-
sign process. Since the technical knowledge of the people building the bridge will vary
drastically, a plan for how to communicate the design to different target groups is also
made. This design process results in a bridge concept consisting of a modular steel
truss. The details are designed to enable assemblage by hand, and all elements chosen
such that they are possible to transport without the use of vehicles or machines for up
to 2 kilometres. The final concept is a bridge suitable for a variety of sites and spans,
but might not be the optimal solution for each individual site.
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SAMMANFATTNING

Broar som byggs i Europa idag designas ofta med ett fokus på antigen estetiska kval-
itéer eller teknisk innovation. Detta leder till komplexa strukturer som kräver tillgång
till högpresterande byggnadsmaterial och specialistkunskap, vilket bara finns i vissa
delar av världen. Broar behövs emellertid överallt, inte minst i landsbygdsmiljöer där
tillgången till både material och kunskap kan vara begränsad. I Rwanda, ett exem-
pel på ett land med stora isolerade områden på landsbygden, kan en enda bro ge hela
samhällen tillgång till livsviktiga samhällsresurser som utbildning och sjukvård. Men
kunskapen kring hur broar bör designas för landsbygdsmiljöer är begränsad. Därför
har information kring förutsättningarna för att bygga broar på Rwandas landsbygd sam-
lats ihop för att utveckla en alternativ designprocess anpassad efter designutmaningarna
som finns i dessa miljöer. Historiska broar och konstruktionskoncept från andra disci-
pliner har också undersökts för att kunna användas som referenser i denna konceptuella
designprocess. En plan för hur konceptet kan kommuniceras till olika grupper som ska
arbeta med bron har också upprättats. Denna designprocess resulterade i ett design-
förslag bestående av en modulär fackverksbro i stål. Detaljer har designats så att hela
bron ska vara möjlig att bygga för hand, och alla element i konstruktionen är valda så
att de ska vara möjliga att transportera upp till 2 kilometer till fots. Denna brodesign
kan användas för flera olika spann och på platser med olika markförhållanden, men är
inte nödvändigtvis den optimala lösningen för någon enskild plats.

Nyckelord: Konceptuell design, Isolerade områden på landsbygden, Brodesign, Fack-
verksbro, Stålbro
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Nomenclature

B2P Bridges to Prosperity
CALFEM A computer program for solving static and dynamic problems (Com-

puter Aided Learning of the Finite Element Method)
MATLAB A programming and numeric computing platform used to analyse data

and create models. Developed by MathWorks
SLS Service Limit State
ULS Ultimate Limit State

Achord Cross sectional area of chords [m2]
F Combined load [N ]
G Permanent loads [N ]
Gk Dead load [N ]
L Length of span [m]
Plive Point live load [N ]
Q Variable loads [N ]
V Volume [m3]
dbolt Diameter of bolts [m]
e1;diagonal Distance from centre of hole to end in diagonals, in load

direction
[m]

e1;horizontal Distance from centre of hole to end in horizontal elements,
in load direction

[m]

e1;vertical Distance from centre of hole to end in vertical elements, in
load direction

[m]

e2;diagonal Distance from centre of hole to edge in diagonals, perpen-
dicular to load

[m]

e2;horizontal Distance from centre of hole to edge in horizontal elements,
perpendicular to load

[m]

e2;vertical Distance from centre of hole to edge in vertical elements,
perpendicular to load

[m]

f u Ultimate tensile strength [Pa]
f ub Ultimate tensile strength of bolts [Pa]
f y Yield strength [Pa]
f yb Yield strength of bolts [Pa]
g Gravity of Earth [ms2 ]
lchord Length of chords [m]
ldiag Length of diagonals [m]
p1;diagonal Space between centre of bolt holes in diagonals, in load di-

rection
[m]

p1;horizontal Space between centre of bolt holes in horizontal elements,
in load direction

[m]

p1;vertical Space between centre of bolt holes in vertical elements, in
load direction

[m]

p2;horizontal Space between bolt holes in horizontal elements, perpen-
dicular to load

[m]
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qdist Distributed live load [Nm2 ]
tplate Thickness of connection plate [m]

� De�ection [m]

 G Partial safety factor, permanent loads [-]

 Q Partial safety factor, variable loads [-]
� Density [kg

m3 ]
� Ed Applied design stress [Pa]
� Rd Design stress resistance [Pa]
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