
 

 

 

 

 ISSUE 04/2024     DECEMBER 

 



http://www.e-mosty.cz/
mailto:magda@e-mosty.cz
https://e-mosty.cz/editorial-board/




https://www.e-mosty.cz
https://www.linkedin.com/company/e-mosty-e-brim/about
https://www.youtube.com/channel/UCYE0H5NXP5QlSTlFz8vJeZA
http://www.e-mosty.cz/
https://e-mosty.cz/editorial-board/
https://e-mosty.cz/subscribe/
https://e-mosty.cz/bridge-construction/
https://e-mosty.cz/american-bridges-canada/
https://e-mosty.cz/american-bridges-usa/
https://e-mosty.cz/suspension-bridge-austria-la-joya-peru-loko-oweto-nigeria-bridges-to-prosperity/


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

   

 

 
 

OUR PARTNERS 

 

 

WE COOPERATE WITH 

 

 

  

https://www.allplan.com
https://www.arenasing.com/
https://www.arup.com/
https://www.berd.eu/
https://rubricaingenieria.com/en/
https://www.maurer.eu/
https://www.ponting.si/en/
https://www.pipenbaher-consulting.com/
https://www.aas-jakobsen.com/
https://www.diamant-polymer.de/en/
https://www.lap-consult.com/en
https://structurae.net
https://www.linkedin.com/in/frankbauchspiess/
https://www.fatzer.com/en
https://www.tylin.com/
https://strukturas.no/strukturas-bridge-building-equipment-gallery/


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

INTERNATIONAL ONLINE PEER-REVIEWED MAGAZINE ABOUT BRIDGE INFORMATION MODELLING 

  

The magazine e-BrIM is an international, interactive, peer-
reviewed magazine about bridge information modelling. 

 
It is published at www.e-brim.com and can be read free        

of charge (open access) with the possibility to subscribe.  
 

It is typically published three times a year:                               
20 February, 20 May and 20 October. 

 
The magazines stay available online                                        

on our website as pdf. 
 

 The magazine brings original articles about bridge digital 
technology from early planning till operation and 

maintenance, theoretical and practical innovations, Case 
Studies and much more from around the world. 

            
Its electronic form enables the publishing of high-quality 

photos, videos, drawings, 3D models, links, etc.  
 

We aim to include all important and technical information,     
to share theory and practice, knowledge and experience     

and at the same time, to show the grace and beauty             
of the structures.  

 
We are happy to provide media support for important BIM 
and bridge conferences, educational activities, charitable 

projects, books, etc. 
 

Our Editorial Board comprises BIM and bridge experts       
and engineers from academic, research and business 

environments and the bridge industry. 
 

The readers are mainly bridge leaders, project owners,               
bridge managers and inspectors, bridge engineers              

and designers, contractors, BIM experts and managers, 
university lecturers and students, or people                          

who just love bridges.  
 

SUBSCRIBE 

 OUR PARTNERS 

 

 

 

ISSN: 2788-0540 

 

 

 

 

 

 

 

 

https://www.linkedin.com/company/e-mosty-e-brim/about
https://www.youtube.com/channel/UCYE0H5NXP5QlSTlFz8vJeZA
http://www.e-brim.com/
https://e-brim.com/editorial-board/
https://www.e-brim.com/subscribe
https://www.e-brim.com/
https://rubricaingenieria.com/en/
https://www.pipenbaher-consulting.com/
https://www.allplan.com
https://www.aas-jakobsen.com/
https://tscinnovation.com/en
https://www.ponting.si/
https://www.arup.com/
https://www.diamant-polymer.de/en/
https://www.fatzer.com/en
https://www.tylin.com/
https://www.genplusdesign.com/


http://www.e-mosty.cz/
https://e-mosty.cz/contact/
http://www.e-brim.com
https://e-mosty.cz/wp-content/uploads/Partnership-Offer.pdf




https://www.google.cz/maps/place/42%C2%B004'29.1"N+20%C2%B024'23.5"E/@41.8164091,19.9468767,7.75z/data=!4m4!3m3!8m2!3d42.07475!4d20.40653!5m1!1e4?hl=en&entry=ttu&g_ep=EgoyMDI0MTAyOS4wIKXMDSoASAFQAw==




   
 

04/2024 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Reinforcements of the upper flange 
and web of the tie and internal view of the 
intricate interface chambers with the arch 

base where multiple repairs were executed 

 

Regarding the erection project, the reverse 
engineering analysis brought to light concrete 
works that could be used for launching purposes 
after calculation check, but also others whose 
function and position remained obscure and 
therefore unused.  

In particular, the complex temporary civil works 
present on both the construction and launching 
sides, as well as on the arrival side beyond the lake 
arm, were considered suitable for supporting new 
runway beams. The new runway beams allow the 
bridge to be brought close to the water during 
departure and near the bank upon arrival, utilizing 
heavy steelwork elements to manage lateral loads. 

These civil works consist of articulated plinths on 
piles, erected on steep banks, which remain 
submerged during flood periods and are 
subsequently available for installing elevated steel 
structures for a limited time. This part of the civil 
works could not be changed because the bridge 
was already set and supported on temporary 
towers.  

 

Figure 7: Layout of existing and supplementary structures 
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Figure 8: Runaway beam and extendable bearing nose after loaded barge lake crossing, Drini side 

 

Another notable feature was the presence of two 
moored floating concrete diaphragmed vessels, 
each measuring 28m x 28m x 5m, designed to 
support half the weight of the bridge during the 
lake crossing. These vessels underwent hydraulic, 
structural, naval stability tests and some minor 
repairs. 

Once most of the welds had been repaired, it 
became necessary to construct 1,500 tons (1,653 
short tons) of specially designed steel equipment. 
This was essential for executing the various phases 
of land-based and mixed naval-land launching.  

The operations involved a combination of different 
translation and rotation techniques, with land and 
naval teams working in tandem, even at distances 
of up to 200 m apart. 

A platform was constructed using concrete blocks 
and temporary piers. The arch was raised from the 
platform in stages using six temporary towers, 
each up to 70 m high. Once the welding checks 
were completed, the central towers were 
unloaded, transferring the load entirely to the side 
towers, see Figure 10, leaving the ends of the arch 
cantilevered. 

In this configuration, with the arch stretched and 
the deck compressed for the temporary condition, 
the bridge was advanced until the cantilever was 

 

Figure 9: Nose extension to lake variation at arrival, Drini side 

positioned vertically over the water, where the two 
concrete vessels awaited.  

These vessels, equipped with pumps, temporary 
towers, and restraining elements for the bridge, 
undertook the support of the 2,500-ton (2,756 
short tons) half of the bridge using Archimedes' 
thrust. 
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Figure 10: Load transfer from three temporary towers to two and from upper strand-jacks to floor 
crossbeams; Load transfer from the two temporary towers to the rear supports, on water and land 
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Figure 14: Mixed movement phases on land and water and change of pull (Phase3) 

 

Figure 13: Mixed movement phases on land and water and change of pull (Phase3) 
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Erection work: 
Structure type:

Erection class ERCX:

Reliability class CC1 CC2 CC3
RC1 ERC1 ERC2a ERC2b
RC2 ERC2a ERC2b ERC3a
RC3 ERC2b ERC3a ERC3b

(ERC4 for outside class cases)

Item CC1 (low) CC2 (medium) CC3 (High)
Human loss x

Economic loss x
Political and/or social effects x

Enviromental loss x
�Y

Item RC1 (0-low) RC2 (normal) RC3 (abnormal)
Circumstances and/or restraints x

Time limits x
Construction on site initiated and documentated x

Scenario and phase changes x
Erection techniques changes x

Designer original project issues to erection x
Original erection plan issues x

Geometry and congruence x
Size, customized and recycled equipment x

Erection design engineer level x
Erection manager engineering level x

Void or conflict of standards x
�Y
�Y

Item RC1 (0-low) RC2 (normal) RC3 (abnormal)
Transport operations x

Lifting and lowering operations x
Special machines x

Falseworks, accecces and prearrangements x
FEM simulation x

FEM verificationx
Hydraulic issues x

Geotechnical issues x
Foundational issues x

Dependance to detailed procedures x
...
�Y

RC1 (0-low) RC2 (normal) RC3 (abnormal)
Meteo issues x

Dynamic or wind instabilityx
Seismic issuesx
Fatigue issuesx

Marine operations x
Underwater operationsx

General items to erection

Detailed items to erection

Special items to erection

Outcome for the erection class ERCX

Definition of the erection class ERCX
Consequence class

Consequence class analysis
Consequence class

Analysis of the reliability class RC

Drini, Albania
Steel Arch bridge
ERC3b
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SUPERSTRUCTURE OF THE NEW SAVA RIVER 
BRIDGE IN BELGRADE, SERBIA 

 

 

 

Slobodan Ja�éovi�é, Li Xin, Elvir Kajevi�é, Danijel Kukaras, Mirjana Mandi�é,                
Vule Risti�é�����-�R�Y�D�Q�D���9�X�M�L�ë�L�é, Pavle Jankovi�é 

POWERCHINA, MILLENNIUM TEAM, MOSTOGRADNJA ING, FACULTY 
OF TECHNICAL SCIENCES NOVI SAD, IO DESIGN ENTERPRISE SERBIA   

 

 

Figure 1: Panorama of the new city quarter with the New Sava Bridge        Courtesy of Belgrade Waterfront Serbia 

 

 

INTRODUCTION 

The New Sava Bridge Project started in 2020 as     
a Design-Build contract concluded between the 
Republic of Serbia and the Chinese state-owned 
company PowerChina International for the 
construction of a new, modern bridge with a higher 
traffic capacity.  

The New Sava Bridge is intended to increase road 
traffic capacity between two city parts over the 
Sava River and provide better communication for 
the new part of Belgrade on the right bank - 
Belgrade Waterfront, defined by the Special 
purpose area spatial plan, see Figure 1.  
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Figure 2: Location of the bridge 

Click on the image to open Google Maps 

Figure 3: Bridge location and the arrangement 
of the working plateau 

This bridge is going to be built at the same location 
as the current Old Sava Bridge, see Figure 4, 
which has been in operation since 1942.  

For the design works a joint venture has been 
formed consisting of: Millennium Team Belgrade, 
Mostogradnja Ing Belgrade, Faculty of Technical 
Sciences Novi Sad and IO Design Enterprise 
Belgrade.  

The scope of the design works involves the 
Building permit1 and Execution design phase for 
the following major parts:  

1. Demolition design;  

2. Design of the New Bridge;  

3. Design of the Approach Structures, and  

4. Design for the working plateau, see Figure 3.  

The superstructure represents the most complex 
part of the New Bridge design. It has a significant 
impact on the design and execution works.   

The Project is based on the competition design 
solution and Preliminary design done by the 
Institute of Transportation CIP Belgrade [1] and the 
Employer�ps Requirements [2] issued by the 
Investor-Belgrade Land Development Public 
Agency. 

Design is developed based on the �&�R�Q�W�U�D�F�W�R�U�p�V��
methodology of execution. During the structural 
design, all construction phases are taken into 
account and also the documentation is in line with 
the assembly parts that are to be shipped from 
China.  

The entire Project follows European 
standardization for design (Eurocode) and 
execution (EN1090, EN 206, EN 13670, EN 1337 
etc.). 

OLD SAVA BRIDGE 

The Old Sava Bridge was built in 1942, during the 
World War II, by the German Reich to maintain the 
connection over the Sava River in Belgrade after it 
was interrupted by the demolition of King 
Alexander Bridge.  

The bridge was built as a temporary structure for 
military transport.  

The structural system consists of a steel 
continuous beam with riveted connections. The 
total length of the bridge is 401.2m, with seven 
spans with the arrangement: 41.3 + 53.1 + 53.1+ 
106.2 + 53.1 + 53.1 + 41.3 m. The main span is 
designed as a bowstring arch with vertical 
hangers.  

1 Under Serbian laws, there are the following stages        
of design in civil engineering: 

1. General design 
2. Preliminary solution 
3. Preliminary design 
4. Design for the building permit 
5. Design for execution 
6. Design of the executed object 

 

https://www.google.com/maps/place/44%C2%B048'39.5"N+20%C2%B026'52.6"E/@44.5538412,20.4525497,7.63z/data=!4m4!3m3!8m2!3d44.810964!4d20.44794!5m1!1e4?hl=en&entry=ttu&g_ep=EgoyMDI0MDkyNS4wIKXMDSoASAFQAw==
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Figure 4: Old Sava Bridge at present 

 

Between the years 1954 and 2007, the bridge was 
repaired and/or reconstructed on multiple 
occasions as the consequences of the war, 
intensive traffic and in the 1980s the adoption of 
tram traffic on the bridge.  

Everyday traffic over the bridge causes 
unacceptable noise and vibrations, accompanied 
by additional problems related to the functionality 
of the existing light steel bridge deck, thus there is 
an imminent need for mitigation of these effects.  

Considering the current state of the steel structure, 
piers and foundations, adequacy for the new 
demands regarding river navigational profile, old 
steel materials, and the necessity for further repair 
and reconstruction of the carriageway structure, 
total demolition of the old bridge has been decided. 

 

Figure 5: Night view of the new bridge in the new city quarter       Courtesy of Belgrade Waterfront Serbia 

 

NEW BRIDGE DISPOSITION 

The total length of the New Bridge (axial distance 
of the piers and abutments) is to be L= 420.0 m, 
with the arrangement of the spans L = 54.0 + 73.0 
+ 166.0 + 73.0 + 54.0 m.  

The main span of the bridge is designed as twin 
bowstring arches in an asymmetric arrangement, 
see Figures 6 and 7. The total width of the bridge is 
typically 38.1 m and locally widened to 43.4 m over 
the main span piers, see Figure 7.  

The bridge traffic profile consists of two 6.5 m wide 
road traffic lines, two tram tracks in the middle of 
the deck and two 3.6 m wide pedestrian and 
bicycle lanes that are expanded by an additional 
2.5 m at the location of the observation decks. The 
bridge will carry significant city installations 
including high-voltage cables.  
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Figure 6: Elevation of the bridge 

 

Figure 7: Cross section of the deck at the widened part 
of the bridge deck 

SUPERSTRUCTURE 

The bridge superstructure consists of a continuous 
carriageway structure spanning the whole length of 
the bridge with constant depth and the tandem of 
arches, hangers and struts that support the main 
span. Road and tram traffic is carried by a 250 mm 
thick concrete slab, while the deck of the 
pedestrian section is designed as a steel 
orthotropic plate. An embedded rail system in        
a floating slab over the bridge slab is adopted for 
the tram track. Between the two slabs, a sound 
and vibration isolation layer will be installed.  

Concrete slabs are designed as cast in situ, in two 
phases: first, where the portions outside the shear 
connectors zones are executed and the second, 
where the connection with the steel structure is 
established. Cross girders are arranged at 6 m 
centres. The carriageway structure transfers loads 
in the perpendicular direction to the bridge main 
beams/ties which are parts of the main structural 
system together with the arches, struts and 
hangers, see Figure 8.  

The bridge will have 24 hangers, 12 per arch, 
located in the arch plane, with a converging 
arrangement. Hangers are designed as parallel 
strand system (PSS) with pin connection anchors. 

  

Figure 8: Carriageway structure segment Figure 9: Complex intersection of main elements       
of the structure at the location of the main support 



   
 

04/2024 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Assembly part of the arches 

 

Main beams/ties are continuous box shape girders, 
suspended on hangers in the main span at a 9m 
spacing, while the other spans are supported on 
the bridge piers. Arches are rectangular box 
sections h/b=3/2m, see Figure 10, spanning 166 m 
in an asymmetric configuration, connected at span 
thirds with bespoke joint elements in order to 
increase the rigidity of the system. The entire 
superstructure is modelled and graphically 
developed in software package Autodesk Advance 
Steel. 

The main support of the bridge is a complex part of 
the structure in which the elements of arches, side 
span struts, crossbeam with auxiliary supports for 
bearings replacement and shock transmission 
units meet with the bearings support zone. The 
transmission of the reactions from bridge bearings 
is achieved by a matrix of vertical rigid diaphragms, 
which extend over the entire height of the box 
section.  

Vertical diaphragms were also used to stiffen the 
angular transitions of the flanges and to provide 
continuity of the box section crossbeam. The 
crossbeam, besides its significant stiffening role in 
the global system, contains appropriate stiffeners 
for the transmission of forces from the shock 
transmission unit (STU), a skidding system for the 
bridge launching and for the hydraulic jacks for the 
bearing service and replacement, see Figure 11.  

 

Figure 11: Main bridge support 3D model 

The joint between the arches represents a unique 
element of this bridge with a specific geometry that 
is very demanding both for design and execution. 
This joint is designed to consist of two parts:  

1. Constructive part �t it has a carrying function 
which is an integral part of the three-dimensional 
global structure.   

2. Cover - a complex surface made of thin sheet 
metal in multiple strips, which gives the joint the 
appearance defined by the winning solution and to 
entire bridge a unique aesthetic.  

For the transmission of reactions from the 
superstructure of the bridge to the substructure, 
spherical bearings of different load and 
displacement capacities are planned.  
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Figure 12: Schematic layout of the bearings showing articulation 

Fixed bearings in the longitudinal direction are 
designed on Pier S4, while on the other columns, 
there are longitudinally movable bearings; in the 
axis of the upstream tie are designed bearings that 
are movable in the transverse direction.  

On the abutments of the bridge, additional 
bearings are provided, with a lower capacity, to 
reduce deformations in the zones of the expansion 
devices. To reduce the impact of high, quick-acting 
horizontal forces from the bridge superstructure, 
i.e. braking and seismic actions, additional Shock 
Transmission Units-STU are positioned on Pier S3, 
with 5000kN capacity per one main beam. 

CALCULATIONS 

For the calculations, sets of global and local 
models are developed to fully obtain results of the 
complex behaviour of the structure, covering 
geometry specifics, non-linear staging, time-
depending effects, types of loading, local stressing 
factors etc.  

An extensive database has been developed for 
taking all effects of moving loads, taking into 
account leading internal forces accompanied by 
corresponding values of the others. This proves to 
be quite a time and computer-consuming task for 
this type of structure. 

As previously mentioned, special attention is given 
to the methodology of execution, hence there is      
a significant portion of stressing that comes from 
the permanent loads, thus the history of loading as 
well, see Figures 13 and 14. 

Non-linear staged calculation is conducted in the 
software package CSI Bridge considering 
temporary support of the structure during 
assembly, phases of the hanger stressing and 
other effects of the execution.  

Local models were developed as independent at 
first, and in the final stages of the design joined 
with the global models via kinematic coupling i.e. 
constraints. 

 

Figure 13: Global calculation model for the phase                     
of transport of the mains span with barges 
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Figure 14: Global calculation model for one of the execution stages 

 

 

 

Figure 15: Local models of the Main bridge support and joint between the arches - Von Mises stress distribution 

 

Figure 16: Local model of the carriageway structure 
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Stability problems 

Stability checks of the structural elements prove to 
be a major task in performed calculations, having 
in mind the non-standard geometry of the 
structure, requirements of the EN 1993-1-5 [8] and 
number of response forces to be analyzed i.e. 
stress states per cross-section.  

Even for the standard cross sections and 
geometries, without the assistance of FEM 
methods defined in the steel Eurocodes [8] and [9] 
and literature related to the design of steel plate 
structures [10] and [11], the task would be 
challenging. Arches and ties are adopted as box 
cross-sections of similar dimensions led by the 
main span length, the width of the carriageway and 
aesthetic factors.  

These box sections are made of 4 stiffened plates 
that were mainly considered through the standard 
verification method, using the Effective width 
method in conjunction with EN 1993-1-5 Annex A 
[8], assisted by FEM calculations, see Figure 16, 
for the stress states that are not covered by the 
Annex A.  

Longitudinal stiffeners are continuous flat 
150/14mm sections, spaced at 500mm passing 
through the cross stiffeners that are at 3m 
distance.  

This type of stiffener was feasible for the many 
intersections of elements on the bridge, however, 
effectiveness of the stiffened plates was yet to be 
confirmed.  

It has been shown that for all thickness variations of 
flanges and webs, open flat plates are effective as 
longitudinal stiffeners, even having some significant 
reduction for some stress states that appeared to 
be non-governing at the end of the calculation.   

Calculation of stability of non-standard elements 
was carried out using Reduced Stress Method, 
FEM analysis according to EN 1993-1-5 [8] 
(Chapter 10, Annex B and Annex C), as displayed 
on flowcharts, see Figures 20 and 21.  

Linear Bifurcations Analysis (LBA) has been 
performed to obtain critical buckling factor �j cr and 
load amplifier �jult,k. Reduction factor �z was 
calculated using Annex B, based on generalized 
buckling curves. 

For the control of the out-of-plane-buckling of the 
arch tandem, Linear Bifurcation Analysis LBA and 
Geometric Nonlinear Analysis Including 
Imperfections (GNIA) have been performed, 
following recommendations in several publications 
[5], [6], [7] and [10].  

 

 

 

 

 

 

 

 

 

 

 

 

Stiffened plate 
Longitudinal 

stiffeners 
Calculation method 

�zc,min* 

Element Dimensions Number 
[-] 

[mm] [mm] pcs 

Flange 2000/40 3 Effective width-Annex A 0.95 

Flange 2000/50 3 Effective width-Annex A 1 

Web 3000/20 5 Effective width-Annex A** 0.54 

Web 3000/30 5 Effective width-Annex A** 0.60 

* minimum value of reduction factor �é�Ö
L �:�é
F�ï�Ö�;�æ�:�t 
F �æ�; 
E�ï�Ö 

 according to [8], for all design stress states.  

**following Annex A limitations, assistance of FEM is used. Charts are formed displaying 
reduction factor over �V�W�U�H�V�V���U�D�W�L�R�V���z-
†, see Figures 16 and 17. 

 
Table 1: Overview of the results of buckling checks for arch sections 
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�Û=0.5, �•cr=475.11MPa 

  
�Û=0.3, �•cr =538.31 MPa 

 

 
Figure 17: Buckling forms for different stress ratios 

 

 

Figure 18: Imperfection shapes considered for the GNIA analysis 
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Figure 19: Charts for the 3000/20mm stiffened panels displaying �|cr,p, �|cr,c and �Uc  in function of stress ratio �\  

 

 

Figure 20: Flowchart for check  
of non-uniform members 

Figure 21: Significant buckling mode 
for the carriageway structure 
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EXECUTION METHODS 

Execution of the concrete slab 

To achieve the desired aesthetic appearance and 
to mitigate the effects of the shrinkage and the 
concrete slab interactions in the tensioned portions 
of the carriageway structure, non-standard design 
solutions have been adopted for the 
superstructure.  

To achieve two-step concreting of the concrete 
slab, a special methodology has been developed 
that accommodates all benefits of the solution. 
Moving scaffolding will be mounted on multiple 
locations of the carriageway structure, when the 
entire steel structure is connected at the pier 
location, to complete the first phase of concreting 
and minimize execution time, see Figure 22. 

 

Figure 22: Scaffolding for the execution of the bridge slab 

 

Assembly on the working plateau 

The design of the temporary support structures on 
the working plateau is currently in progress as well, 
Figure 23, providing input data for the working 
plateau design and defining assembly parts for the 
superstructure.  

The main span that weighs 4500t shall be 
assembled on the working plateau and launched 
over the two massive launching beams onto the 
barges that are equipped with high-capacity 
climbing jack systems. Barges are planned to 
navigate the main span to the permanent position 
on the river piers. Technical measures are 
provided to maintain the geometry of the 
superstructure main span during the assembly 
process, thus eliminating the influence of uneven 
settlements. 

 

Figure 23: Arrangement of the temporary supports at the working plateau 
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CONCLUSION 

The New Sava Bridge Project is one of the most 
important projects that is currently being 
developed in Serbia. After its completion, it is going 
to be a significant landmark of Belgrade City 
Centre. 

The Main Contractor PowerChina International with 
its partners has carried out all the activities related 
to the preparation for the execution, including 
additional investigation works (geotechnical, 
unexploded ordnance, seismic and wind effects, 
etc.), comprehensive methodology of execution 
and Building Permit design phase. Challenges 

have been overcome related to building a high-
capacity bridge in such a demanding location, 
obtaining approval of the Technical control and 
companies of public interest and finally opening a 
temporary building site on the left Sava bank.  

In the following period, intensive construction 
works are expected, after the approval of the 
Design for Execution, the completion of the 
working plateau, and the demolition of the old 
bridge. Completion of the bridge is planned for the 
end of 2026. and it will be part of the Expo 
Belgrade 2027 exhibition. 
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CUSTOMISED FORMWORK SOLUTION FOR THE 
CAST-IN-PLACE DECK OF THE CEBU�tCORDOVA 

CABLE STAYED BRIDGE, PHILIPPINES 

 

 

 

�-�X�D�Q���1�R�Y�R�D���7�D�E�D�U�Æ�V 
�5�×�E�U�L�F�D���%�U�L�G�J�H�V�� 

 
 

 

Figure 1: View of the complete bridge 

 

 

1. INTRODUCTION 

The 8.5km Cebu-�&�Ð�U�G�R�Y�D�� �/�L�Q�N�� �(�[�S�U�H�V�V�Z�D�\��
(CCLEX) provides a new connection between the 
industrial area of Cebu and the Mactan 
International Airport, as well as with the new urban 
developments of Cordova located on the same 
island. It brings numerous benefits for traffic 
management in the area, relieving the congestion 
that currently occurs on the existing bridges. 

The main structure of the project is the 650m long 
cable-stayed bridge with a main span of 390m 
between pylons, see Figure 1. In addition, this new 
infrastructure also consists of several viaducts, as 
well as a 5km long section of roadway on the 
embankment. 

The joint venture for this design and build project 
was formed by ACCIONA, First Balfour Inc. and 
D.M. Consunji Inc. Conceptual design of the bridge 
was undertaken by architect DISSING+WEITLING, 
the detailed design of the bridge by SENER 
Ingenieria y Sistemas and Carlos Fernandez 
Casado (SENER-CFC JV).  R�×brica Engineering 
was awarded the design, fabrication and 
construction of the formwork equipment for the 
construction of the pier table and deck of the main 
bridge. 

Figure 2 shows the customised cast-in-place 
formwork solution for the construction of this iconic 
bridge. 
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Figure 2: Customized cast-in-place solution 

 

In this case, we had the opportunity to develop the 
methodology for our client working with the 
designer and contractor to create equipment 
capable of constructing the pier table, achieving 
the expected cycle during deck casting, and 
reducing scaffolding and auxiliary access. In short, 
we industrialized the deck erection complying with 
the specific design criteria for this area of the 
Philippines.  

2. DESIGN CRITERIA 

It was necessary to take into account the location 
where the bridge was constructed, especially with 
regard to tropical conditions (such as storms and 
typhoons) and seismic actions for a 50-year return 
period.  

Even though the temporary equipment was 
provided just for the construction phase, it had to 
be capable of working for more than 1 year. 
Seismic actions were analyzed for the different 
construction stages (during lifting, pier table 
execution, launching and typical deck segment 
casting) according to the 30% rule.   

Each element of the structure was designed to 
withstand 100% of the design earthquake forces 
acting in one primary direction together with 30% 
of the earthquake forces acting in the orthogonal 
direction. 

Wind conditions were another determining factor 
considering Cebu is in a typhoon-affected area.     
It made us consider a design wind of 250 km/h and 
an accidental or extraordinary case of 300 km/h.  

A basic computational fluid dynamics (CFD) 
analysis was performed to determine the effects of 
these wind conditions. 

3. CASTING THE PIER TABLE 

The construction methodology for the pier table, 
back and main deck spans of the main bridge was 
�G�H�Y�H�O�R�S�H�G�� �E�\�� �5�×�E�U�L�F�D���� �D�V�� �W�K�H�� �I�R�U�P�Z�R�U�N�� �G�H�V�L�J�Q�H�U����
together with the client and detailed designer.  

This methodology, using the same formwork for 
the progressive deck cantilevering and a lifting 
structure, was specially designed for this project, 
addressing 3 main issues: make it easier to 
assemble the equipment on the pile cap; reduce 
scaffolding and other auxiliary access, and reduce 
forming equipment for pier table execution as well 
as lifting equipment and manpower since the 
formwork was already in place and assembled for 
the subsequent casting in the back and main 
spans. 

The supporting structure consisted of 4 arms of 
steelwork or an umbrella with 4 strand jacks on 
each arm.  
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Figure 3: Reaction on front and rear support 
during casting 

 

Figure 4: Basic CFD for structure 
evaluation against winds 

 

The load capacity of the lifting structure for the 
worst scenario or combination in this case, was the 
self-weight of the form and phase 1 of the casting 
sequence of the pier table (which was constructed 
in 4 stages) was 2050 KN per point load (a final 
load of 8200 KN).  

After each casting stage, the structure (lifting and 
formwork) needed to be unloaded to avoid 
overload of the permanent structure and 
transmission of forces to the previously 
constructed phase.  

For the formwork, typical actions were considered, 
such as reinforcement weight, pouring loads, and 
wind load. Specifically for concrete load in the 
typical segment (executed in one stage), the 
pressure consideration on the panels was around  
9 psi.  

 

Figure 5: Equipment lifted and ready for pier 
table construction 

 

 
Figure 6: Reactions and concrete load considerations 

on each stage of pier table casting 
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Figure 7: Assembly of the equipment on the pile 
cap with the tower crane integrated and the pylon 

climbing formwork operational 

 

One of the benefits of this integral formwork 
solution was the possibility of assembling the 
equipment on the pile cap while the pylon climbing 
formwork was working, providing a comfortable 
and safe assembly area within the maximum 
capacity of the tower crane. 

After the assembly and the installation of the lifting 
structure, the formwork was pre-assembled in the 
yard and lifted in one piece.  

In less than 35 hours the form traveller was in its 
final position, fixed and aligned to the design 
longitudinal grade.  

The hanging support points, designed specifically 
for this project, included the final plates of the main 
form traveller anchorages to easily unload the 
lifting structure and anchor the travelling formwork 
in a typical working position after the construction 
of the pier table.  

This customized hanging point also included          
a high-pressure jacking system to unload the lifting 
structure between the cantilevering stages.  

 

Figure 8: Aligning and adjustment of the equipment after heavy lifting 

 



 
 

04/2024 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

4. CANTILEVERED DECK CONSTRUCTION 

Cantilevered deck construction comprised two 
different casting lengths - 6 m in the main span and 
7.15 m in the back span.  

The typical cycle time of 10 days consisted of 
construction of two segments in the main span and 
one segment in the back span together with 
installation of a stay cable on each side.  

Figures 9 and 10 show the deck segment 
arrangements and Figures 11 and 12 show the 
corresponding typical cross-sections.  

5. OPERATION OF FORM TRAVELLER 

Once the pier table was cast, the form traveller 
load was transferred to the completed deck 
through the main supporting anchors.  

The form traveller is equipped with 2 main anchors 
(hanging points) on each longitudinal main beam 
(in this case 4 Macalloy bars 75mm diameter, each 
pre-stressed with 2000 KN), 2 additional anchors 
in the bottom slab to seal the rear of the form and 
2 more at the back of the form traveller, which are 
used to provide the precamber and adjust levels of 
the formwork, see Figures 16 and 17.  After final 
adjustment, the form traveller is anchored and 
prestressed at this back anchor to ensure the 
position and stability of the formwork. 

 

 

 

 

Figures 11 and 12: Typical box girder cross sections 

 

Figures 9 and 10: Main span and back 
span typical segment distribution 
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Figures 13 and 14: Main hanging point during heavy 
lifting operation 

When all the anchors during the launching 
operation are removed, the form traveller is 
supported by the 2 main C-frames supported on   
2 skidding shoes on the launching rails.  

For rear support during launching, the form 
traveller bears on the underside of the completed 
bottom slab using 2 rollers of high capacity (in this 
case designed and fabricated with high-capacity 
polyurethane wheels to avoid damage to the 
concrete).  

Every launching operation is hydraulically driven 
and easy to operate, maintain and repair. 

Technical features 

230 tons self-weight 

310 tons concrete section weight 

6 m between main anchors 

Almost 40 m full width (27 m segment width) 

2 pouring lengths: 6 and 7.5 m 

3 axles adjustment capacity 

Guaranteed accessibility through permanent 
platforms 

 

Figure 15: Typical view of anchor system and Macalloy bars posttensioning 
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Figure 16: Pre-cambering and rear support 

 

 
Figure 17: Posttensioning of rear anchor after pre-camber 

 

 
Figure 18: Typical Cross section of the equipment 
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6. INNER FORMWORK 

�,�Q���W�H�U�P�V���R�I�� �F�X�V�W�R�P�L�]�H�G���H�T�X�L�S�P�H�Q�W���� �W�K�H���q�V�L�J�Q�D�W�X�U�H�r��
was the form traveller inner formwork. It was 
designed to operate fully hydraulically and be able 
to pass through the narrow sections between the 
stay cable delta frame anchorage and the deck 
segment concrete web.  

The main inner formwork structure was 
dimensioned specifically for launching because 
during casting the form panels were supported by 
the external formwork which in turn was supported 
by the form traveller main structure.  

�5�×�E�U�L�F�D���S�U�R�Y�L�G�H�G���V�X�F�K���D���V�R�O�X�W�L�R�Q���I�R�U���W�K�H���S�U�H�Y�L�R�X�V�O�\��
constructed Mersey Bridge in the UK and the 
Atlantic Bridge in Panama.  

Below are some pictures from different stages 
(before launching completely collapsed and after 
launching with the stay cable delta frame 
anchorage already installed) and also during 
fabrication acceptance tests in the workshop 
where we prepared a temporary structure to 
perform a full-scale trial, including electric and 
hydraulic tests. 

 

Figure 19: Final design of inner formwork in casting position 

 

 

Figure 20: Inner formwork in casting position   
with stay cable delta frame anchorage installed 

 

 

Figure 21: Inner formwork collapsed before launching 
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Figure 22: Inner formwork during Fabrication 
Acceptance Test (FAT) 

 

�W Figure 23: Inner formwork collapse after 
launching 

 

Another customized adaptation of this equipment 
for this specific project was the ability to suit the 
curved horizontal alignment of the bridge in the 
back span with varying crossfall.  

This is not usual in this kind of underslung form 
traveller and it required flexible panels in the web 
and wings as well as asymmetric C-frames to 
accommodate the changing crossfall with a result 
that did not adversely affect the cycle.  

7. CASTING THE CLOSING SEGMENT 

For casting the closing deck segment in the main 
span, strongbacks were used for deck alignment.  

One of the main span form travellers was used for 
the final casting (here can see the inner alignment 
before the inner formwork launching) while the 
second main span form traveller was moved back 
to the pile cap area for lowering and dismantling.  

The same closing segment procedure was 
implemented in both back spans. 

 

 

 

 

 Figure 24: Horizontal alignment curve 
adaptation 

 Figure 25: Supplement for curve alignment adaptation 
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Figure 26: Strongbacks clamping the deck for 
closing segment 

 

Figure 27: Inner formwork ready to final launching 
for closing segment 

 

 

Figure 28: Closing segment conceptual design 
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Figure 29: Last segments casting before closing segment 

 

8. DECK SEGMENT CONSTRUCTION CYCLE 

The following figures describe the deck segment 
construction cycle comprising a maximum of       
10 days between stay cable installation; beginning 

with the placing and stressing of PT bars in the top 
flange of the box girder, see Figure 30. 

 

 

Figure 30: Placing and posttensioning of PT bars 

 

 

Figure 31: Removal of the main support anchors 
of the form traveller to transfer the weight of the 

form traveller to the launching rails 
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Figure 32: Launching of external forms 
and geometry control 

 

Figure 33: Adjustment of the traveller in the new 
casting position 

 

 

 

Figure 34: Installation of rebar 

 

 

 

Figure 35: Launching of inner form 

 

Figure 36: Installation      
of upper slab and survey 

   

Figures 37 and 38: Pouring and 
finally installation of the stay 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Build your bridge 

   

  

 

 
 

www.rubricaingenieria.es  

https://rubricaingenieria.com/en/projects/rubrica-bridges/
https://rubricaingenieria.com/en/projects/rubrica-maritime/
https://rubricaingenieria.com/en/projects/rubrica-tunnels/
mailto:info@rubricaingenieria.es
https://www.linkedin.com/company/rubricaengineering/?originalSubdomain=es
https://www.rubricaingenieria.es
https://www.rubricaingenieria.es


   
 

04/2024 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BUILDING BRIDGES BEYOND BORDERS:    
HOW ALLPLAN CIVIL SUPPORTS THE GREECE-

TURKEY FRIENDSHIP BRIDGE PROJECT 
 

 

 

Zeljka Devedzic 
 Teamlead Sales Enablement and Consulting Infrastructure 

 ALLPLAN  
 

 

Figure 1: Evros Greece-Turkey Bridge 

 

 

INTRODUCTION 

In a region where history and geography 
intertwine, a new symbol of cooperation is taking 
shape.  The Greek Ministry of Infrastructure and 
Transport, partnering with Turkey, has embarked 
on a transformative endeavour: the construction of 
�W�K�H���q�)�U�L�H�Q�G�V�K�L�S���%�U�L�G�J�H�r���L�Q���(�Y�U�R�V�����7�K�L�V���P�R�Q�X�P�H�Q�W�D�O��
project, nestled within the Egnatia �t Thessaloniki �t 
Kipi motorway in Greece, will seamlessly connect 
to the Ipsala �t Istanbul section in Turkey.  

Once completed, it will forge a physical and 
metaphorical link between the two nations, acting 
as a symbol of unity and progress. 

This ambitious undertaking has been entrusted to 
a joint venture of MAVRAKIS Consulting Engineers 

and Egis, who are responsible for both the 
preliminary and final design of the whole structure 
including the structural, geotechnical, and 
hydraulic design, as well as the temporary works.  

The 400m extradosed bridge, stretching across 
the Evros River, embodies not only enhanced road 
safety and streamlined trade but also the 
burgeoning partnership between Greece and 
Turkey. 

Given the intricate design of the bridge and the 
geopolitical significance of this cross-border 
collaboration, MAVRAKIS Consulting Engineers 
turned to ALLPLAN Civil (formerly ALLPLAN 
Bridge) and ALLPLAN (formerly Allplan 
Engineering).  
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PROJECT INFORMATION 

Client: EGNATIA ODOS S.A. 

Implementation planning: MAVRAKIS Consulting 
Engineers, Egis 

Software used: ALLPLAN Civil, ALLPLAN 

Service phases: Preliminary Design, Final Design, 
Construction Documentation 

Start of construction: 2025 

Planned completion: 2027 

As Georgios Mavrakis, Deputy Managing Director 
of MAVRAKIS Consulting Engineers, explains, 
�qALLPLAN Civil provided us with the advanced 
tools needed to tackle the complex challenges of 
the Evros Greece-�7�X�U�N�H�\�� �%�U�L�G�J�H���� �7�K�H�� �V�R�I�W�Z�D�U�H�p�V��
precision and flexibility allowed us to design with 
�F�R�Q�I�L�G�H�Q�F�H�����H�Q�V�X�U�L�Q�J���W�K�H���S�U�R�M�H�F�W�p�V���V�X�F�F�H�V�V���r�� 

These cutting-edge tools have proven 
indispensable in navigating the complexities of the 
bridge's unique architecture, from managing 
intricate geometries to integrating critical structural 
elements. 

MANAGING COMPLEX GEOMETRIES 

�7�K�H�� �(�Y�U�R�V�� �%�U�L�G�J�H�p�V�� �S�\�O�R�Q�V�� �I�H�D�W�X�U�H�� �H�O�O�L�S�W�L�F�D�O�� �F�U�R�V�V-
sections with variable dimensions, which posed      
a significant challenge in achieving both structural 
integrity and aesthetic appeal. The design required 
a high level of precision to ensure that the pylons 
�F�R�X�O�G�� �V�X�S�S�R�U�W�� �W�K�H�� �E�U�L�G�J�H�p�V�� �V�L�J�Q�L�I�L�F�D�Q�W�� �O�R�D�G�� �Z�K�L�O�H��
maintaining the desired geometric complexity. 

ALLPLAN Civil provided the necessary tools to 
define the main geometry of the bridge efficiently. 
�7�K�H�� �V�R�I�W�Z�D�U�H�p�V�� �U�Rbust parametric modelling 
capabilities allowed the design team to create and 
adjust multiple cross-sections with varying 
parameters easily. For the special geometry of the 
pylons, MAVRAKIS utilized ALLPLAN, which 
offered the flexibility to design the elliptical cross-
sections accurately. The integration of these tools 
ensured that the pylons were both structurally 
sound and visually striking, aligning with the overall 
design vision. 

 

Figure 3: Elevation view of the main bridge 

 

 

Figure 2: Model of the pylons 
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Figures 4 and 5: 3D model and 3D model with reinforcement 

 

 

STREAMLINING REINFORCEMENT DESIGN 

�7�K�H�� �U�H�L�Q�I�R�U�F�H�P�H�Q�W�� �R�I�� �W�K�H�� �E�U�L�G�J�H�p�V�� �F�R�Q�F�U�H�W�H box 
and the tendons required precise design and 
�F�R�R�U�G�L�Q�D�W�L�R�Q�� �G�X�H�� �W�R�� �W�K�H�� �E�U�L�G�J�H�p�V�� �O�H�Q�J�W�K�� �D�Q�G�� �W�K�H��
complexity of its structural components. Ensuring 
that the tendons were properly aligned and that the 
reinforcement elements could withstand the loads 
was crucial. 

ALLPLAN Civil facilitated the detailed design of the 
reinforcement by providing advanced features for 
tendon propagation and reinforcement placement. 

�7�K�H�� �V�R�I�W�Z�D�U�H�p�V�� �D�E�L�O�L�W�\�� �W�R�� �K�D�Q�G�O�H�� �P�X�O�W�L�S�O�H�� �F�U�R�V�V-
sections and variables allowed the team to design 
the tendons and their couplers effectively. Using 
the template function, MAVRAKIS was able to 
quickly and easily create the precast girders for the 
access bridges.  

Additionally, Python Parts were used to import the 
seismic isolators. To generate accurate 
reinforcement drawings, the team chose to use 
ALLPLAN. This process saved significant time and 
ensured that the reinforcement was both robust 
and efficiently executed. 

Figure 6: 3D model with tendons and cables 
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HANDLING STRUCTURAL INTEGRATION WITH 
EASE 

Integrating the various structural elements, such as 
stay cables, piers, and abutments while 
maintaining overall structural coherence, was         
a significant challenge. The design required careful 
management of these components to avoid 
collisions and ensure that the bridge could handle 
the anticipated loads. 

�7�K�H�� �X�V�H�� �R�I�� �$�/�/�3�/�$�1�� �&�L�Y�L�O�p�V�� �Y�D�U�L�D�W�L�R�Q�� �W�D�E�O�H�V�� �Z�D�V��
crucial in managing the integration of the stay 
cables and other structural elements. The software 
allowed the team to easily adjust the height of the 
piers and check for potential collisions between 
tendons and other components. Smart symbols in 
ALLPLAN were used for the placement of objects 
such as tendon couplers and saddles, which were 
used for the stay cable connections to the pylons. 

Bimplus played a vital role in enabling seamless 
communication between the different teams 
involved in the project, ensuring that all structural 
elements were aligned and properly integrated. 
This approach minimized errors and streamlined 
the overall design process. 

 

Figure 7: Evros Greece-Turkey Bridge 

 

OPTIMIZING COLLABORATION AND 
WORKFLOW 

Coordinating the efforts of multiple teams across 
different countries was a logistical challenge. The 
project required smooth communication and 
collaboration to ensure that the design phase 
proceeded without delays or misunderstandings. 

Bimplus was instrumental in optimizing 
collaboration across the various teams working on 
the Evros Bridge. The platform enabled real-time 
sharing of data and models, allowing team 
members to access the latest project information 
and make informed decisions quickly.  

This seamless integration between ALLPLAN Civil, 
ALLPLAN, and BIMPLUS facilitated better 
understanding of the structure and enhanced 
cooperation between the engineers, resulting in      
a more efficient workflow and a higher-quality final 
product. 

 

All renderings and drawing copyright: 
MAVRAKIS Consulting Engineers 



GET YOUR FREE TRIAL:
info.allplan.com/en/trial

ALLPLAN has launched the new product ALLPLAN Civil. �e comprehensive update integrates the 

enhanced civil structural modeling capabilities of ALLPLAN (formerly known as ALLPLAN Bridge) into a 

uni�ed solution for planning, designing, and detailing all types of transportation infrastructure projects.

Bene�t from:

›  Parametric, free-form and multi-material modeling and detailing tools

›  New automated end-to-end work�ow for precast girder bridges of any type and shape

›  Superior roadway design and detailing with enhanced parametric intersections

›  Optimal and connected structural design with SCIA Ultimate now included

ALLPLAN BRIDGE BECOMES
ALLPLAN CIVIL

\  NEW RELEASE

https://info.allplan.com/en/bridge-trial
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THE EXCITING POTENTIAL OF STONE ARCH 
BRIDGES IN RWANDA 

 

 

 

Alan McGrane 

BRIDGES TO PROSPERITY 

 

 

Figure 1: Aerial view of a suspended bridge crossing in Rwanda             Photo credit: Envision Rwanda 

 

INTRODUCTION 

Over the last 12 years in the high rolling hills of 
Rwanda, Bridges to Prosperity (B2P) with the 
support of communities, local districts and 
corporate teams, has been building cable bridges 
that span diverse crossings from gorges to 
floodplains �t some of them over 150m across.   

In this majestic terrain with high rainfall and 
frequent flooding exacerbated by climate change 
�D�Q�G�� �L�Q�F�U�H�D�V�L�Q�J�O�\�� �H�[�W�U�H�P�H�� �Z�H�D�W�K�H�U�� �H�Y�H�Q�W�V���� �%���3�p�V��

mission has been to extend reliable access to rural 
communities connecting them to schools, places of 
work, healthcare services and markets thereby 
facilitating their participation in the broader 
economy and helping to alleviate poverty. 

So far over 500 bridges have been built by B2P 
around the world providing direct access to some 
1.9 million people.   

70 bridges were built in 2023 in Rwanda alone and 
looking to the future B2P is adapting its work to 

https://bridgestoprosperity.org/
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Figure 2: Construction of Kanyiramana 2 Bridge with a clear span of 156m in Rwanda     
Photo credit: Bridges to Prosperity 

 

support governments and enable key stakeholders 
to make informed decisions to implement cost-
effective, low-maintenance and climate conscious 
infrastructure that will scale and have an increased 
impact in Rwanda and regionally in the decade 
ahead.   

This strategy has several facets, one of which is 
providing a wider range of bridge solutions so as to 
better meet the needs of the communities served. 

CABLE BRIDGES 

The cable bridges that B2P construct have many 
advantages including being light and long-
spanning which avoids the need for supports in the 
river bed.  This is ideal in a country traversed by 
deep valleys and sinuous floodplains.   

The simplicity of the structural form coupled with 
standardised designs brings down costs and 
construction times.   

The cables used for these structures are mostly 
repurposed which further decreases costs and 
positively impacts the overall sustainability of the 
structures[1].   

Graceful curves of suspension and suspended 
structures also integrate well into the surrounding 
environment and can add an interesting point of 
reference to the landscape. 

Despite these clear advantages, one of the 
characteristics of this type of bridge is that the cost 
per m2 of deck tends to increase as the span 
decreases.  This occurs as the relatively expensive 
anchorage and tower structures make a more 
significant contribution to the overall cost for 
shorter spans.  Steel supply and fabrication 
capacity can also be limiting factors in certain 
cases. 

NEEDS ASSESSMENTS - FILLING THE GAP 

Despite the success of cable bridges, on-the-
ground experience and nation-wide needs 
assessments conducted by B2P have shown that 
there is a need for safe and economical short-span 
solutions that can be equally impactful in terms of 
connecting communities.  

Well over half of the river crossings  visited by B2P 
in the 2018 needs assessments were not 
conducive for cable bridges.   

https://e-mosty.cz/suspension-bridge-austria-la-joya-peru-loko-oweto-nigeria-bridges-to-prosperity/
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Figure 3: An existing short span crossing in Kigali  
Photo credit: Bridges to Prosperity 

 

Less attractive for very short spans, cable bridges 
in the rural context are also best suited to 
pedestrian or light traffic, and in areas where 
vehicles need to be accommodated, other bridge 
forms with stiffer decks perform better and are 
more cost effective.  Might stone arch bridges be 
an economical and durable solution? 

STONE ARCH BRIDGES 

Stone arch bridges have been used since antiquity 
and are one of the enduring structural forms that 
can be seen around the world, often dating back 
hundreds of years to medieval and Roman times. 

Whilst a wide variety of arch forms are possible, 
these high load capacity, low maintenance 
structures often use semi-circular, segmental or 
parabolic profiles. The shape tends to keep the 
arch ring in a state of compression and hence 
exploits the high crushing resistance of stone.  

Depending on the availability of materials and skill 
of the masons the stone can either be laid dry or 
set with mortar. The arch itself is usually erected 
over reusable temporary falsework made from 
timber, known as centring. 

RECENT REGIONAL EXPERIENCE IN THE USE 
OF STONE ARCHES 

�,�Q���U�H�P�R�W�H���S�D�U�W�V���R�I���U�X�U�D�O���7�D�Q�]�D�Q�L�D�����$�I�U�L�F�D�p�V����th most 
populous country, millions of people face 
transportation challenges similar to those in 
Rwanda.   

  

Figure 4: All sites assessed by B2P 2018 Figure 5: Sites suitable for cable bridges 

  

 

To assist in addressing this issue the Belgian 
development agency Enabel and Tanzania Rural 
Roads Authority recently completed a stone arch 
bridge programme successfully constructing      
110 stone arch bridges in the Kigoma region[2].   

Using simplified rules for design and construction 
this approach employed locally sourced materials 
and labour reducing both costs and carbon 
emissions from between 50-75%[3] compared to 
conventional structures in steel and concrete.  

The stone arch form integrated well into the 
landscape and beyond its poverty alleviation, 
economic and environmental benefits, the initiative 
actively involved local communities fostering          
a greater sense of ownership of the bridges.   

https://www.enabel.be/
https://stonearchbridges.org/about-us/
https://stonearchbridges.org/
https://stonearchbridges.org/
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The success of this project suggests a strong case 
for implementing this durable structural form more 
widely. 

�5�:�$�1�'�$�p�6���3�2�7�(�1�7�,�$�/�� 

The existing construction know-how and materials 
availability within a country are important elements 
to consider when thinking about viable and 
economical bridging solutions.  

Whilst technical cultures evolve over time, 
solutions that are not well aligned with local 
conditions can be unsustainable in the long-run 
particularly when it comes to grass-roots adoption 
and maintenance programmes.  

In Rwanda, neatly constructed stone retaining 
walls and drainage channels in Kigali and around 
the countryside indicate the abundance of stone, 
the level of skill of local masons and the well-
established culture of using stone as                       
a construction material. For this reason, with 
careful site selection and training of artisans and 
engineers, stone arch bridges could have               
a promising future providing sustainable access to 
communities. 

�%���3�p�6���3�,�/�2�7���6�7�2�1�(���$�5�&�+�(�6 

Curious about the potential of the stone arch form 
in Rwanda, B2P has already initiated construction 
training and aims to complete their first pilot 
projects in 2024.   

Figure 6: Painting of the Pont Neuf by Giuseppe Canella. Completed in 1607 this stone arch 
structure is the oldest crossing of the Seine in Paris 

 

Figure 7: A stone arch bridge in Tanzania  
Photo credit: Enabel Tanzania 

 

Figure 8: A stone arch bridge in Tanzania  
Photo credit: Enabel Tanzania 
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Longer-term success in the expansion of this 
solution will require continued input through 
training, elaboration of supporting documentation 
for design and construction, standardisation and 
dialogue with government and local engineers and 
leaders. 

CONCLUSION 

With their specific strengths and limitations stone 
arch and cable bridges should be seen as 
complementary solutions, particularly in Rwanda, 
where a ready supply of stone and masons familiar 
with stone related construction make the arch form 
viable. 

From studies that third parties have conducted on 
rural infrastructure[4] [5] it is clear that a robust 
transportation network at a local level is the 
backbone of opportunity and economic 
development.   

 

 

As part of this, stone arches promise to provide      
a long-lasting, economical and climate sensitive 
bridging alternative for shorter pedestrian and 
vehicular crossings whilst making use of locally 
available materials and labour.   

Perhaps most exciting is the potential that this 
ancient technology holds for linking communities 
across the East African region as a whole. 
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Figure 11: Fitting the keystone at a stone arch bridge 
construction workshop in Rwanda  
Photo credit: Bridges to Prosperity 

 

Figures 9 and 10: A stone arch bridge in Tanzania  
Photo credit: Enabel Tanzania 
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www.arup.com

Arup works in active partnership with clients to understand 
their needs so that the solutions make their bridge 
aspirations possible - big and small.

The Arup global specialist technical skills blended with 
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Whether to span nations, make a 
statement or improve everyday 
links, Arup crafts better bridges

Naeem Hussain
Global Business 
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North American Landmark
Samuel De Champlain Bridge, Montréal, Canada

TYLin.com



forces in motion

Scope of application: 
The installation of the MAURER Swivel Joist Expansion Joint shall allow access to and 
protect the bridge deck from horizontal over load during a seismic event. 

MAURER SE| Frankfurter Ring 193 | 80807 Munich/Germany
Phone +49 89 32394–0 | Fax +49 89 32394–306 | www.maurer.eu 

References:

• Bahia de Cadiz, Spain

• Hochmoselübergang, Germany

• �Ô�����H�L���*�H���
 Bridge, Izmit,��
Turkey

• Mainbrücke Randersacker, 
Germany 

• Millau Viaduct, France

• Rheinbrücke Schierstein, 
Germany

• Rion Antirion, Greece
• Russky Island Brigde,��

Vladivostok, Russia

• Tsing Ma, China

MAURER 
MSM®��Swivel Joist Expansion Joint 
�Ô�0�a���3���*�����Ó��BRIDGE, IZMIT, TURKEY | WORLD NO. 4 SUSPENSION BRIDGE WITH HIGH SEISMIC LOAD

Features: 
•  Unrestrained absorption of specified 

movements and simultaneous trans-
mission of traffic loads 

•  Serviceability of the structure after the
earthquake 

•  Protection of the bridge deck from hori-
zontal overload caused by extreme closing
movements during the earthquake 

•  High life time expectation through 
use of high performance components

•  Longitudinal seismic displacement
of ca. 4 m 

•  Service velocity up to 20 mm/sec 
(10 times higher than for a regular bridge) 

•  Watertight across the bridge width
•  Maintenance free 

Anz_IzmitBayBridge-Dehnfuge_2020_A4_EN--ISOcV2.indd   1 28.09.20   08:40
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LAUNCHING GANTRY MODULAR BRIDGE
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B E R D

B E R D B R I D G E S

SOLUTIONS FOR 
BRIDGE CONSTRUCTION

https://www.berd.eu/en/
https://www.berd.eu/en/
https://www.linkedin.com/company/berd
https://www.facebook.com/berdbridges
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Pelješac Bridge, Croatia  
Conceptual/Preliminary/Final design  

Joint Venture Faculty of C ivil Engineering , University of Zagreb ; Ponting;  Pipenbaher Consulting Engineers  

Ada Bridge over Sava in Belgrade , Serbia  

Winning competition design/Preliminary/ICE for final and detailed design  
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�3�R�Q�W�L�Q�J���L�Q�;�H�Q�L�U�V�N�L���E�L�U�R���G���R���R�������6�W�U�R�V�V�P�D�\�H�U�M�H�Y�D���������������������0�D�U�L�E�R�U�����6�O�R�Y�H�Q�L�D 
 

 

https://www.ponting.si/en/projects/peljesac-bridge-115.html
https://www.ponting.si/en/
https://www.linkedin.com/company/ponting-bridges/
https://www.ponting.si/en/projects/ada-bridge-over-sava-in-belgrade-53.html
mailto:ponting@ponting.si


https://www.linkedin.com/pulse/movable-scaffolding-system-mss-strukturas-as-3mwrf%3FtrackingId=lNE5AUg5ywgZerRCnofmwQ%253D%253D/?trackingId=lNE5AUg5ywgZerRCnofmwQ%3D%3D
https://strukturas.no/strukturas-bridge-building-equipment-gallery/
https://www.facebook.com/BridgeBuildingEquipment/
https://no.linkedin.com/company/strukturas-as
https://www.youtube.com/@strukturas_as/videos
https://www.linkedin.com/posts/strukturas-as_underslung-form-traveller-balanced-cantilever-activity-7198910508475830273-X6nA?utm_source=share&utm_medium=member_desktop
https://www.linkedin.com/posts/strukturas-as_bridge-construction-productivity-activity-7201084815985504256-FP1I?utm_source=share&utm_medium=member_desktop
https://www.linkedin.com/pulse/form-travellers-ft-strukturas-as-3nn3f?utm_source=share&utm_medium=member_android&utm_campaign=share_via


100% GAP AND TOLERANCE COMPENSATION

WITH MM1018  – THE LIQUID SHIM

In a single step. Without mechanical processing. More quickly and 
less expensive than conventional lining plates or wedge plates. 

Introducing our globally trusted solution MM1018  for gap and tolerance 
compensation in bridge construction! Applied in countless construction 
sites worldwide, our innovative product ensures unparalleled structural 
integrity and safety for your bridges. Save time and money with our ad-
�[�F�S�H�J�I���Y�J�H�M�S�T�Q�T�L�^�����F�Q�Q�T�\�N�S�L���K�T�W���U�W�J�H�N�X�J���*�Y�Y�N�S�L���F�S�I���F�Q�N�L�S�R�J�S�Y���T�K���G�W�N�I�L�J��
�H�T�R�U�T�S�J�S�Y�X���N�S���F���X�N�S�L�Q�J���X�Y�J�U�����\�N�Y�M�T�Z�Y���H�T�X�Y�Q�^���I�J�Q�F�^�X�����/�T�N�S���T�Z�W���X�F�Y�N�X�*�J�I��
customers and experience the proven effectiveness of our MM1018 .

Advice & sales:
www.diamant-polymer.de/en 
info@diamant-polymer.de 
or call +49 2166-98360

To provide you with the best service 
possible, our team is ready to apply 
our products directly on site. Just like 
we successfully did for projects like 
the Chenab Bridge (India) and the 
Yavuz-Sultan-Selim Bridge (Turkey).

https://www.diamant-polymer.de/en/product-solutions/liquid-stiffener/
https://www.diamant-polymer.de/en/product-solutions/liquid-stiffener/
http://www.diamant-polymer.de/en
mailto:info%40diamant-polymer.de?subject=
https://www.linkedin.com/company/diamant-polymer-gmbh/
https://www.youtube.com/@DIAMANTPolymer/videos


 

 

 

Photo :  Jules van den Doel 

Helgeland Bridge, Norway 

https://www.aas-jakobsen.com/markets/long-span-bridges/


Building 
Strong 
Connections

fatzer.com
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FATZER‘s coil ropes are made to design
a wide variety of rope structures

https://www.fatzer.com/de
http://fatzer.com
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https://www.youtube.com/@engineersinactioninc
https://www.instagram.com/engineersinaction/
https://www.facebook.com/engineersinactioninc


http://www.bridgingthegapafrica.org/
https://www.facebook.com/bridgingthegapafrica/
https://www.linkedin.com/company/bridgingthegapafrica/
https://www.instagram.com/btgafrica/
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