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Dear Readers 

In the first article of this issue, the authors, Øystein Ulvestad, Sweco Norge AS, and Tiago Vieira, 

Armando Rito Engenharia SA, explain why for construction of the Randselva Bridge in Norway only 

BIM is used. They also focus on some major issues connected with using of BIM for the world´s 

longest bridge being built without drawings to date. 

The engineers from AFRY Germany decided to use BIM for planning the Altglienicker Bridge in Berlin 

even though there was no contractual obligation to. For the two later planning phases, they used         

a software suite consisting of Allplan Bridge, Allplan, and Bimplus, which enabled a smooth BIM 

workflow. More information is presented in an article prepared by Allplan.  

The next article of this issue describes the first steps and research about Digital Twins done by the 

Silesian University of Technology Bridge team and also describes the process of selection of the three 

bridges in Poland that have become testing grounds. 

In the fourth article, Edinson Guanchez,  Associate Professor at Universidad Politécnica de Cataluña 

and CEO at Sísmica Institute S.L, Barcelona, Spain, focuses on Caissons for Bridge Construction. He 

prepared an overview of current techniques and their usage in major bridge projects worldwide. 

It is followed by an interview with Vanja Samec. She talks about BIM, its current state and 

development, and she also reports on the recently established IABSE Task Group 5.6 “BIM in 

Structure Management” of which she is a chair. 

The last article describes the Success Story of the IABSE Online Symposium which was held by 

Wrocław University of Science and Technology, Faculty of Civil Engineering, in Poland, in autumn 

2020 under the title „Synergy of Culture and Civil Engineering – History and Challenges”. The 

symposium was held under unprecedented conditions in the middle of the pandemic, and it was 

organized as a fully virtual event. Congratulations to the whole team; we are happy we could support 

the Conference as a media partner.  

I would like to thank all authors and companies for their cooperation, and also Vanja Samec and 

Richard Cooke for reviewing this issue, and Fatih Zeybek (OTOYOL YATIRIM VE İŞLETME) for his 

assistance with the article about caissons.  

I would also like to thank our partners for their continuous support.  

On the following pages, you will also find information about our new magazine e-BrIM. 

The  next  e-mosty  will  be about American Bridges and will  be  released  on  20  December. The  first 

e-BrIM will be released on 20 February 2022.  

 

   

 

 

Magdaléna Sobotková 

Chief Editor 

 



 

 

INTERNATIONAL ONLINE PEER-REVIEWED MAGAZINE ABOUT BRIDGES 
  

OUR PARTNERS 

The magazine e-mosty (“e-bridges”)                            

is an international, interactive,  

peer-reviewed magazine about bridges. 

 

It is published at www.e-mosty.cz and can be read 

free of charge (open access)                                   

with possibility to subscribe.  

 

It is published quarterly: 20 March, 20 June,             

20 September and 20 December. 

The magazines stay available online                          

on our website as pdf. 

 

 The magazine brings original articles about bridges 

and bridge engineers from around the world.           

Its electronic form enables publishing of high-quality 

photos, videos, drawings, links, etc.  

 

We aim to include all important and technical 

information and show the grace and beauty               

of the structures.  

 

We are happy to provide media support for important 

bridge conferences, educational activities, charitable 

projects, books, etc. 

 

Our Editorial Board comprises bridge engineers       

and experts mainly from the UK, US and Australia. 

 

The readers are mainly bridge engineers, designers,  

  constructors and managers of construction 

companies, university lecturers and students,            

or people who just love bridges.  

 

ISSN: E-MOSTY 2336-8179 

 

 

 

 

 

 

SUBSCRIBE 

 

https://www.e-mosty.cz
https://www.linkedin.com/company/e-mosty-e-brim/about
https://www.youtube.com/channel/UC_Mwl0Kh-VuI4XKP4aJ_eJQ
http://www.e-mosty.cz/
https://e-mosty.cz/editorial-board/
http://www.allplan.com
http://www.arenasing.com
http://www.arup.com
http://berd.eu/
https://rubricaingenieria.com/en/
https://e-mosty.cz/subscribe/
http://www.maurer.eu


 

INTERNATIONAL ONLINE PEER-REVIEWED MAGAZINE ABOUT BRIDGE INFORMATION MODELLING 

In August 2021 we established a new magazine, e-BrIM, 

which will focus on Bridge Information Modelling.  
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RANDSELVA BRIDGE: PLANNING AND BUILDING                

A 634m LONG BRIDGE SOLELY BASED ON BIM MODELS 

 Øystein Ulvestad, Sweco Norge AS 

Tiago Vieira, Armando Rito Engenharia SA 

 

 

 

Figures 1 and 2: Construction and a BIM model of the Randselva Bridge 

PROJECT OWNER: Statens Vegvesen 

(Norwegian Public Roads 

Administration) 

Design & Calculations: Armando Rito 

Engenharia  

Design, Calculations & BIM-models: 

Sweco Norway  

Construction: PNC Norway 

BIM Software: TEKLA 

 

 

← Figure 3: 

Location of the 

bridge Source: 

maps google 

      I. INTRODUCTION 

The Randselva Bridge is the world´s longest bridge 

being built without drawings to date, it is based 

solely on BIM models. It is a 634m long cantilever 

concrete box girder bridge over the River 

Randselva in Norway, near the city of Hønefoss, 

around 50km northwest of the Norwegian capital 

Oslo. The bridge will carry the E16 highway which 

originates in Sweden, see Figure 3.    
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Figure 5: Plan of the bridge 

Click on the image to open it in full 

II. BRIDGE CONCEPT 

Randselva Bridge crosses an asymmetric river 

valley geometry and also has a major geotechnical 

constraint of a steep slope located on the west 

side of the valley, composed of sands 80m in 

height.  

These key requirements together with the needs of 

other functional crossings related to an existing 

railway line, existing roads, a future parking place 

 

Figure 4: Randselva Bridge, Norway - General overview (BIM model shown in SMaRT, Sweco AS) 

 

and a local access road have determined the 

bridge solution which harmonizes all these 

requirements.  

As result, a bridge consisting of a continuous 

concrete superstructure over the full length with 

7 spans: 75 + 194 + 137 + 3 x 60 + 48 = 634m 

was designed by Sweco (Norway) and Armando 

Rito Engenharia (Portugal), as shown in Figure 4 

above and the drawings below.  

https://e-mosty.cz/wp-content/uploads/plan.png
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Figure 6: Elevation of the bridge 

Click on the image to open it in full 

 

 

 

Figure 7: Typical Section at Pier 

Figure 8: Typical Section at Span 

https://e-mosty.cz/wp-content/uploads/Randselva-Elevation.png
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The deck cross-section, with a total width of 14.6m 

(including edge beams), comprises a single cell 

concrete box  girder with variable heights  on  the 

3 major spans (axes 1 to 4), and a 4m constant 

height concrete deck on the smaller east side 

spans (axes 4 to 8).  

Due to the various geotechnical conditions, four 

different types of foundations were designed: 

concrete bored piles with Ø1500mm (axes 1, 2 

and 3), steel core piles with Ø270mm (axes 4, 5, 7 

and 8) and a shallow footing (axis 6). 

III. PLANNING AND CONSTRUCTION BASED 

SOLELY ON BIM-MODELS 

Drawings have been part of the construction 

industry for thousands of years. Up until recently, 

they have been the most important official carrier 

of information between planning and construction. 

So why would we want to stop using drawings? 

The answer is complex, but the main reasons are: 

 Understanding the scope of work:  

A 3D model greatly enhances understanding 

the scope of work of what will be planned or 

built. While a drawing gives a limited amount of 

information, like levels and measurements,        

a BIM model gives the user the ability to access 

any information needed. Compared to a 2D-

drawing, a BIM model also gives the ability to 

sequence information. The figure below shows 

a drawing detail (left) and the equivalent area in 

a BIM model shown in perspective (right). They 

both carry information about the top 

reinforcement of a concrete pile and how it will 

pass through the bottom reinforcement of the 

 

Figure 9: 2D Drawing vs 3D View 

 

above foundation. The 3D view does however 

offer a lot more information on potential clashes 

and a greatly improved understanding of the 

scope of work even before one starts rotating 

the view. 

 Clash control:  

Finding, anticipating and solving clashes in       

a BIM model is a lot easier and cheaper than 

solving clashes at site. 

 Parametric design:  

BIM models can be made with the help of 

parametric design. This way of working gives   

a lot of flexibility to design changes and saves  

a lot of time when working on repetitive tasks. 

 Cross border cooperation:  

A BIM model looks the same in any country, 

while drawings are very country-specific. Thus, 

cross-country collaboration becomes easier. 

 Procurement:  

As all objects that need to be built or bought 

are represented in the model, updated 

accurate data for volumes and quantities are 

always present in the BIM model. Also, 

reinforcement can be ordered directly from the 

BIM model, eliminating the need for manually 

made bar bending schedules. 

 Preparing for the future:  

If we want to improve automation in the 

construction industry, it’s essential to find 

alternatives to 2D drawings when transferring 

information from design to site. Feeding 2D 

drawings to a robot would not be optimal. 
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IV. WHAT IS BIM AND WHY USE IT? 

When mentioning BIM (Building information 

model), most people normally refer to digital BIM 

models, but the abbreviation BIM can also be used 

to describe the workflow that ensures information 

flow in the process of planning, building, and 

maintaining structures. 

Norwegian Public Roads Administration (NPRA) is 

the project owner of the Randselva Bridge project. 

Over time they have been gradually extending their 

demand for how BIM is used in their projects. The 

first step in this development has been to use BIM 

models as the basis for project drawings.  

Parallel to this development, they have seen a 

significant reduction in change orders and project 

budget overruns.  

The main reason for the significant reduction in 

change orders in BIM projects is better 

opportunities for clash control and an improved 

understanding of the scope of work. 

The natural next steps have been to eliminate all 

drawings, and to base quality control and 

construction solely on BIM models.   

It is still too early to conclude on the level of 

success, but feedback from finished projects has 

been positive. 

        V. WHO WILL USE THE MODEL? 

A key to successful use of BIM is understanding 

who will use the BIM model and understanding 

what kind of information the users will need to 

withdraw from the model.  

 

Figure 10: 

A view from inside 

the hammerhead    

at axis 3 
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The Randselva Bridge BIM models are being used 

for multiple purposes along their way from design 

to operational state, as illustrated in the BIM 

workflow in the figure above.  

Users of the multiple stages will normally have 

different information requirements and use different 

software to extract the data. 

On the Randselva Bridge project, multi-disciplinary 

control and 3rd party control are mainly done by 

using SolibriTM in combination with BCF-files.  

 

Figure 11: BIM workflow and model users 

At the construction stage, the model is being used 

for the following four main purposes schematically 

shown in the figure below: 

A Earthworks and backfilling 

B Constructing scaffolding/Surveying 

C Producing and placement of third-party 

products 

D Installing reinforcement (and post-

tensioning) 

These four different purposes all need specialized 

software and work methods. 

 

Figure 12:  Four main purposes for use of BIM models at the construction site 
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Counted in hours, the construction stage is by far 

the stage where the BIM models are being used 

the most.  

In contrast, it is at this stage where available 

software is the least developed. Especially 

methodology for installing reinforcement can 

greatly be improved. 

Even though this is currently not used extensively, 

the BIM model will hopefully be used for more than 

planning and construction and live on to serve as  

a digital twin with very detailed as-built 

documentation. This is assumed to be very 

valuable for the operational period of the bridge 

and maintenance purposes. 

        VI. LEVEL OF DETAIL 

Choosing an optimal level of details in a BIM model 

is very important. Objects need to be modelled 

with enough details to be useful in clash control 

and understanding the scope of work.  

At the same time, too many details will make the 

model very large and software will start lagging and 

be difficult to control.  

Post-tensioning tendons and anchorages are 

important components in the Randselva Bridge 

and they are the reason why the slender design is 

possible.  

Due to the bridge curvature in plan view and the 

combination of two different structural systems, the 

post-tensioning geometry is very complex, and the 

position of the components is not flexible.  

 

Figure 13: Randselva Bridge contains over 200 tendons 

However, only the outer shape of the tendons' 

geometry and anchorages is important to be 

modelled correctly, as it will form the basis for 

clash control. 

The steel strands and the inner geometry of the 

anchorages are taken care of by the company 

delivering the product and do not need to be 

modelled.  

An excerpt of the 200 tendons modelled at the 

Randselva Bridge is shown in the figure below. 

In addition to the tendons, all structural 

reinforcement needed for the Randselva Bridge 

project has been modelled.  

This gives a very good understanding of which 

clashes must specially be designed and fitted due 

to clashes and potential installation problems. All 

rebars in the BIM model are however not clash-

free.  

A pragmatic approach is chosen where some 

clashes between rebars in the model are accepted 

as long as it is obvious that clashes can easily be 

adjusted at the construction site. This has been 

thoroughly agreed with PNC Norge AS, the 

company responsible for the bridge works. 

Another advantage of modelling all rebars is that 

reinforcement can be ordered directly from the 

BIM model, eliminating the need for manually made 

bar bending schedules.  

In areas with heavy reinforcement and limited 

space like blisters for post-tensioning anchorages, 

many projects traditionally produce 1:1 mock-ups 

at worksite to test constructability.  
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For the Randselva bridge project, these mock-ups 

have been produced digitally and have proven to 

be a very efficient and cost-effective way of 

engineering. 

In particular, due to the bridge curvature, each 

blister position and corresponding reinforcement 

are almost unique.  

In the BIM model, local adjustments on the general 

and blisters reinforcement were made for every 

blister. This would traditionally require a great 

number of specific drawings to avoid extra work at 

the site.  

A comparison between a mock-up assembled at 

worksite and a digital mock-up developed for the 

Randselva Bridge is presented in the figure below. 

 

Figure 15: Digital mock-ups have replaced traditional 1:1 construction-site mock-ups 

 

        VII. PARAMETRIC DESIGN 

Parametric design can be described as a set of 

rules (a parametric script) that is fed to                   

a computer.  

The computer then uses these rules to produce     

a digital model. A quite simple example of such      

a rule can be to place lighting posts every twenty 

meters along the centreline of the road.  

The advantages of modelling using parametric 

design compared to modelling manually are many. 

If for example the centreline of the road is moved, 

the computer will automatically move the lighting 

posts with it, eliminating the human labour needed 

to update the position of all the lighting posts.  

If the desired distance between the lighting posts is 

revised in the script, the computer revises the 

design in seconds. The same principles can be 

used for more complex modelling like 

reinforcement or post-tensioning. 

When using a larger number of these rules, most of 

a structure can be described by parametric design. 

This leaves a very flexible design that can be 

revised quickly and without human errors.  

The parametric scripts can also easily be reused in 

future projects. For the Randselva Bridge project, 

more than 60% of the structure is modelled using 

 

Figure 14: Randselva Bridge contains over 200 000 rebars 
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Figure 16: Overview of Randselva Bridge BIM model showing details of reinforcement and post tensioning 

parametric design. All the tendons and over half of 

the reinforcement and concrete form have been 

created this way. 

       VIII. USER-DEFINED ATTRIBUTES (UDA) 

Attributes are associated with all objects in a BIM 

model. The program that was used to model the 

object predefined some of the attributes. Objects 

can also be enriched with project-specific UDA as 

shown in the table on the next page. 

One of the most important parts of constructing     

a high-quality BIM model is adding useful attributes 

to objects in the model.  

The more structured data is added, the easier it is 

to use the model at later stages. On the downside, 

a large set of attributes is hard and laborious to 

maintain.  

The key is understanding what kind of information 

is useful at different life-stages of the BIM model. 

In an IFC-viewer like Solibri, these attributes are 

shown when marking an object. For the Randselva 

Bridge project, the user-defined attributes are 

shown in the custom-made curtain 

“A_E16_PART_INFO” seen in the below figure. 

 

Figure 17:  

The custom-made curtain 

“A_E16_PART_INFO” 

shows the UDAs added 

for a column part            

of the Randselva Bridge 
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UDA-name Info example Name of object 

01 Object name Foundation More thorough description of object if needed 

02 Description Crane foundation Object code (In Norway: vegvesen.no) 

03 Object code C2 Main process (In Norway: handbook R762)  

04 Process 84410000 Level of detailing 

05 LOD 350  Object status 

06 Status 3rd party control Object revision 

07 Revision 01 Date of revision 

08 Revisions date 2019.05.14 If clashing, what object should be prioritized 

09 Placement priority 1 Material quality  

10 Material C45 Dimension (only if not clearly given by the object) 

11 Dimension Tube Ø120 Construction sequence/pour phase of the object 

12 Con. sequence 3C01-01 Drawing name and number 

13 Free attribut_01 K01-005 Link to drawing (required by NPRA) 

14 Free attribut_02 https://a360.co/DSFJDF … 

 

For the Randselva project, one of the most used 

UDA (user-defined attribute) is “construction 

sequence“. This attribute states which cast unit the 

object belongs to.  

This enables the contractor PNC Norge to plan 

their orders of concrete easily, reinforcement and 

post-tensioning better, making logistics at the site 

easier.  

The figure below shows the BIM simulation of the 

first two-deck segments in Axis 3.  

As the BIM model moves through its life stages, 

the type of user-defined attributes needed for an 

object will most likely change due to revised 

requirements. Changing user-defined attributes for 

objects in the BIM model is relatively easy. 

        IX. DISADVANTAGES 

Drawingless projects improve the traditional 

workflows and ways of transferring information 

between involved participants in a project a lot. 

However, there are certain disadvantages to this 

method of working.  

 

Figure 18:  

Using UDAs (user-

defined attributes) 

to show different 

construction 

sequences 

 (Axis 3: segments 

01 and segments 

02 phases) 
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Figure 19: Overview of Randselva Bridge BIM model showing details of reinforcement from hammer head, edge beam and post- tensioning 

The most major disadvantages identified are: 

 BIM models contain a lot of information. Without 

good software and effective data filtering 

methods, it is hard to extract the required data. 

 How long will the IFC-format exist? Will the 

future users of the BIM model be able to read 

the data and how the digital links to connected 

documents will be maintained? 

 In a BIM model, informing the user about 

revised or added objects is easily done by 

adding UDA information to the object. Informing 

the user about deleted objects are however 

more difficult, as there is no longer an object to 

attach the UDA information to. So far, the 

mediocre solution to this problem is creating a 

revision log. 

 Presenting tables of information in a BIM model 

is hard. So far, this is normally solved by adding 

links to documents. 

 In a drawing, a reinforcement concept valid for 

multiple similar construction elements (like 

piers) can be presented and is easily controlled. 

In a BIM model, however, all reinforcement for 

all elements has to be present in the model, 

which results in more laborious modelling and 

control. 

 In a drawing, a flexible concept can easily be 

presented. An example of this are piles (shown 

with break lines) set on top of bedrock, even 

 

though the level of the bedrock is unknown. 

This type of flexible design concept is hard to 

communicate in a BIM model. 

 Weather conditions like snow and rain make 

the use of digital tools like ipads harder. 3D 

views with needed information can be printed 

and laminated, but it takes time to prepare 

these views and extraction of relevant 

information; it still needs to be improved.  

 Software is still not optimized to prepare and 

present section views from BIM models with 

relevant information easily. 

      CONCLUSION 

The progress of the Randselva Bridge project and 

many similar drawingless projects in Norway show 

that building large and complex structures solely 

based on BIM models is possible and often also    

a preferred way of the working method.  

Randselva is currently the longest bridge in the 

world being built without drawings. Engineers from 

Sweco and Armando Rito Engenharia are however 

hoping that the world record will be broken by 

other companies sooner rather than later. 

Competition is welcome as this will create new and 

alternative ways of working, motivating 

improvements. Drawingless design is still in its 

infancy and we are eager to see how other 

companies solve the challenges we have 

encountered. 
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ALLPLAN IN PRACTICE: AFRY RELIES     

ON BIM DURING BRIDGE CONSTRUCTION 

 

Gregor Strekelj, Product Manager Infrastructure, ALLPLAN 

 

Figure 1: The Altglienicker Bridge which has been inoperative and will be replaced by a new bridge with a steel 

composite framework designed by the Leipzig office of AFRY Deutschland GmbH of Germany   © AFRY 

 

 

INTRODUCTION 

The Altglienicker Bridge is a single-link steel truss 

bridge that crosses the Teltow Canal in Berlin-

Treptow, Germany, between the two districts of 

Adlershof and Altglienicke,  

It was built between 1900 and 1906, during the 

construction of Köpenicker Straße. After the 

original Oppenbrücke (as it was then known) was 

blown up by the Wehrmacht in 1945, it was rebuilt 

as an exact replica in 1950. Since then, it has 

borne the name Altglienicker Brücke.  

After it received an additional orthotropic deck in 

1966, it withstood the heavy Berlin traffic for 

almost 30 more years.  

Since 1995, however, the dilapidated structure is 

no longer passable and only serves as pipeline 

support, while a makeshift bridge handles the 



   
 

3/2021 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

traffic over the canal. However, the latter‘s 

intended lifespan of 30 years will soon be reached, 

which is why the construction of a new 

replacement for the Altglienick Bridge is now 

urgent.  

A corresponding construction measure has now 

been initiated by the New Waterways Authority 

Berlin.  

The Leipzig office of the consulting and 

engineering services company AFRY Deutschland 

is responsible for the planning of the new bridge in 

work phases 1 - 4.  

The engineers are planning the project using the 

Building Information Modelling (BIM) method – and 

completely voluntarily. Even though there was no 

contractual obligation, they decided to use BIM for 

planning the Bridge because it makes their work 

more efficient.  

OPTIMUM LOAD TRANSFER WITH THE 

SMALLEST POSSIBLE DIMENSIONS  

Within the scope of the project, AFRY was 

entrusted with the design and structural planning 

of the new bridge, the road planning as well as the 

site planning for the deconstruction of the 

temporary bridge.  

 

In stage 1 of the project (the basic evaluation and 

preliminary design), the engineers developed 

different variants for the road and bridge design.  

The preferred variant for the former envisages       

a connection to the Ernst-Ruska-Ufer with a larger 

left-hand curve (R = 120m), whereby the bridge is 

integrated into the curve.  

At the same time, the connection to the junction 

with the Ernst-Rufka-Ufer is shifted by about 43m. 

The preferred bridge variant is a steel composite 

truss with a clear width of 36m and a single span 

girder with a span of about 41m.  

A double curvature in gradient and position causes 

torsional stress. The arch shape between the 

pavement and the road enables optimal load 

transfer with the smallest possible dimensions.  

A low construction height is achieved via a small 

cross-girder span, which, on the one hand, 

overcomes the narrow conditions in the 

watercourse area, and on the other hand, uses 

less material.  

A lateral arch overhang – which absorbs the 

transverse bending and provides stability – can 

also be used as a lighting strip.  

Figure 2: The preferred variant uses a larger left-hand bend (R = 120 metres). A double curvature in the gradient 

and position causes torsional stress    © AFRY 
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Figure 3: The unique arch shape enables optimum load transfer with the smallest possible dimensions    © AFRY 

 

In order to avoid a complex and cost-intensive 

watertight excavation in the abutment area, a more 

cost-effective variant with deep foundations was 

also chosen.  

 

The bridge will be installed by floating it into place 

from the canal or using a crane. Another special 

feature is the numerous utilities that have to be 

routed across the structure. 

Figure 4: Thanks to a deep foundation in the abutment area, a cost-intensive waterproof excavation pit is avoided     © AFRY 



   
 

3/2021 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BETTER WITH BIM 

When BIM is used in a project, it is usually at the 

request of the client. With the new Altglienick 

Bridge, however, things are different.  

Here, the Leipzig engineers from AFRY decided to 

work with BIM on their own initiative, without any 

corresponding contractual obligation.  

The reasons for this are as simple as they are 

good. “BIM helps us enormously in our daily work,” 

explains Paul-Christian Max, BIM Implementation 

Manager, Project Manager, and BIM Coordinator 

at AFRY Deutschland GmbH. “We observe a 

significant increase in efficiency and quality in 

various sub-disciplines as a result. In addition, 

model-based working leads to a better 

understanding of the respective situation – for both 

us and our project partners.” 

PLANNING WITH ALLPLAN BRIDGE, 

ENGINEERING, AND BIMPLUS 

While the basic evaluation and preliminary planning 

(stage 1) were still carried out without BIM, this 

changed in the two later planning phases (stages 2 

and 3 or LP 3-4).  

The engineers used a software suite consisting of 

Allplan Bridge, Allplan, and Bimplus, which enabled 

a smooth BIM workflow. First, the data for the 

planned road route was uploaded in XML format to 

the BIM platform (Bimplus) and then exported from 

there into Allplan Bridge. In the bridge construction 

software, AFRY was able to use the route to model 

the preferred variant of the bridge previously 

developed in stage 1 with the help of axis and 

cross-section definitions.  

For further design development – for example, 

extension details, plan derivations, etc. – the model 

was then transferred again to Allplan Engineering. 

In order to fully exploit the added value of BIM, 

Paul-Christian Max and his team assigned 

attributes to the various components, such as the 

conversion category and the trade assignment. 

Relevant attributes and values were also added 

with regards to quantity takeoff and the associated 

cost calculations.  

Since AFRY designs internally with open BIM 

standards and has set up its quality processes in 

the office accordingly, the data exchange and 

coordination took place both within the internal 

team and with other project participants and trades 

via the IFC interface. 

ADDED VALUE THROUGH BIM 

Overall, the working method described resulted in 

a whole series of advantages compared to 

traditional planning without BIM.  

 

Figure 5: Numerous utilities have to be routed across the bridge   © AFRY 
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For example, both the construction sequence (4D) 

and the construction costs (5D) could be derived 

automatically from the intelligent (attributed) IFC 

files, thus saving a great deal of time.  

Attributes such as trade allocation also enabled 

optimal coordination of the trades. Furthermore, 

rule-based and visual collision checks contributed 

significantly to a very high-quality design – the 

most important basis for a sustainable and fit-for-

purpose building.  

Model-based issue management also enabled 

better communication between the project 

participants.  

Other aspects that added value included the direct 

plan derivation from the model and, last but not 

least, the visualization of the bridge.  

This helped the engineers to better understand the 

double-curved construction in space, which, in 

turn, ensured a higher quality of detail. 

 

 

 

 

 

PROJECT INFORMATION IN AN OVERVIEW 

> Focus:      Bridge construction 

> Software used:     Allplan Bridge, Allplan Engineering, Allplan Bimplus 

PROJECT DATA 

> Client:      New Waterways Authority Berlin 

> Structural design bridge/road planning: AFRY Deutschland GmbH 

> Work phases:     1 – 4 

> Clear width:     36m 

> Span width single span girder:   41m 

> Planned start of construction:   2025 

> Planned completion:    expected 2025 

> Planned cost scope:    about 4 mil. EUR 

 

ABOUT AFRY 

AFRY is a leading European engineering, design, and consultancy 

services company with a global presence.  

ABOUT ALLPLAN 

ALLPLAN is a global provider of BIM design software for the AEC industry. 

 

It employs 16,000 dedicated experts worldwide in the fields of infrastructure, industry, energy, and digitalization, 

creating sustainable solutions for generations to come.  

In Germany, AFRY operates in 16 locations handling approximately 3,000 projects a year, and covers four of its five 

divisions – Infrastructure, Process Industry, Energy, and Management Consulting (excluding Industrial and Digital 

Solutions). 

 

 

True to our “Design to Build” claim, we cover the entire process from the first concept to final detailed design for the 

construction site and for prefabrication. Allplan users create deliverables of the highest quality and level of detail 

thanks to lean workflows.  

ALLPLAN offers powerful integrated cloud technology to support interdisciplinary collaboration on building and civil 

engineering projects. Around the world, over 500 dedicated employees continue to write the ALLPLAN success 

story. Headquartered in Munich, Germany, ALLPLAN is part of the Nemetschek Group which is a pioneer for digital 

transformation in the construction sector. 

 

https://afry.com/en
http://www.allplan.com
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DIGITAL TWINS AND INNOVATIVE TECHNIQUES 

FOR BRIDGE INSPECTIONS 

 
Kamil KORUS, Silesian University     

of Technology, Poland 

Marcin JASIŃSKI, Firma Projektowa 

Wanecki, Poland 

 

Tomasz PŁASZCZYK, CADmost 

Projekt, Poland 

Marek SALAMAK, Silesian 

University of Technology, Poland 

 

I. INTRODUCTION 

The literature shows that the current state of BIM 

(Building Information Modeling) adoption for 

bridges is limited mainly to design (BIM 3D) and 

perchance construction (BIM 4D and 5D) stages. 

BIM for the management and maintenance of 

bridges appears only in pilot projects and still lacks 

research [1].  

Also, BIM is rarely integrated with SHM (Structural 

Health Monitoring) systems [2]. On the other hand, 

there is a need for effective cooperation between 

SHM and BMS (Bridge Management Systems), 

which work independently, neglecting data 

gathered with monitoring.  

Since the basic principle of BIM is data 

management in the whole life cycle, the data can 

be collected with different tools and techniques 

(e.g., SHM systems or traditional visual inspections 

conducted periodically as a part of BMS).  

The BIM model can therefore integrate various 

kinds of data. This vision can finally transform into 

Digital Twins of bridges. It, however, will involve the 

processing of massive and complex databases, 

requiring artificial intelligence algorithms (machine 

learning, neural networks). 

The article describes the research of the Silesian 

University of Technology Bridge Team on Digital 

Twins of bridges, conducted in the last years.  

The pandemic has slowed down the activities, but 

the recently gathered innovative cyber-physic 

equipment and the contribution of industry 

partners, especially CADmost, allowed the 

continuation of works.  

We are presenting the bridges selected for our 

experiments, the process of their modeling, and 

techniques for inspection with the latest devices.  

II. BRIDGES SELECTED FOR TESTING OF THE   

NEW INSPECTION TECHNIQUES 

Selection and location of bridges 

The bridges were selected based on their 

geometry, size, and complexity. We were looking 

for objects that represent medium or even larger 

road bridges and that play an essential role in 

urban, national, or international road networks. 

Their inspections are time-consuming and could be 

challenging due to the access to the critical 

structure and equipment elements.  

We did not go after famous landmarks or unique 
objects (e.g. suspension or arch bridges) since 

such cases could distract our work due to much 

complex geometry or structural system, resulting in 

tedious modeling or dangerous inspections.  

The location was also essential – bridges near the 

Silesian University of Technology campus could be 

visited more often, giving more space for 

experiments and tests of various inspection 

scenarios. 

The first stage of our work was the selection of 

three objects, which became the testing ground for 

the digital twin bridge research.  

They have been marked as Cieszyn, Hevelius, and 

Knurów; these names are derived mostly from 

geographical areas (Figure 1). 
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Figure 1: Map showing the location of the tested bridges 

Border Bridge in Cieszyn 

The Cieszyn border bridge is the second bridge in 

Poland which was built using the incremental 

launching method.   

It was designed in the 80s of the 20th century.  

Initially, it was regarded as a prototype.  It was the 

longest bridge of its kind constructed with this 

technology at the time. [4].  

It contains many elements, challenging to access 

during the inspections (Figure 2). It has one of the 

highest pillars in Poland (approx. 25m).  

Their shafts are slender plate structures with 

internal voids. Several dozen hard-to-access 

spherical bearings are located on the pillars.  

The abutments have an extended structure with an 

atypical solution supporting its transition plate on 

densely arranged elastomeric bearings.  

The box-girder with a length of 760m is located 

high above the terrain, which causes inspections 

difficulties due to the restrictions of utilizing the 

under-bridge space.  

Additionally, the bridge crosses a deep river, a vast 

valley, a heavily used railway line, and roads. 

Due to these conditions, a reliable bridge 

inspection represented a challenging operation 

that required the use of a significant number of 

people and equipment. 
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Figure 2: Border Bridge in Cieszyn 

 

Hevelius Bridge in Gliwice 

Hevelius Bridge above the railway tracks in Gliwice 

is the second test object. It is a five-span viaduct 

with a total length of 216m (Figure 3).  

It was constructed using the incremental launching 

method. It is a concrete hollow-box cross-section 

with external compression that is similar to the 

previously described border bridge in Cieszyn.  

For medium spans (50-150m), designers and 

builders frequently use this type of construction. 

Hevelius Bridge is the shortest of the three 

described objects, but it is also the closest to the 

university campus.  

The location will allow performing more 

experiments typical for often-built bridges with box-

girders.  

 

 

Figure 3: Hevelius Bridge in Gliwice 
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Knurów Bridge along A1 motorway 

The third bridge is the 800m long flyover in Knurów 

along the A1 motorway near the Poland and Czech 

Republic border.  

It crosses a water reservoir, a local road and a 

multi-track railyard.  

However, most significantly, it is situated in areas 

that are vulnerable to mining exploitation so the 

bridge had to be subdivided into parts: 15 simply 

supported beams and one 4-span continuous 

beam in each of the two carriageways. 

As a result, the bridge is equipped with 160 

bearing pots and 34 large multi-module expansion 

joints which  generate noise  in  the  surrounding 

area [5].  

They are also hard to access. As a consequence, it 

causes serious problems during inspections and 

significantly increases maintenance costs. 

Therefore, it is necessary to additionally monitor 

changes in the geometry of the structure and the 

terrain around it. 

 

 

Figure 4: Knurów Bridge along the A1 motorway 

 

III. MODELING OF BRIDGES AND THE BASICS 

OF CREATING THEIR DIGITAL TWINS 

In newly designed bridges, the BIM model can 

arise and evolve during the design stage. The 

model is then successively updated and enriched, 

first during construction, then in the operational 

phase.  

All the bridges selected for the tests were designed 

traditionally. At the time when they were built, there 

were no BIM tools available yet.  

As a consequence, archival paper documentation 

was primarily used during 3D modeling.  

Gaps and deficiencies in the documentation and 

the ambiguities in its interpretation were verified by 

using the 3D reconstruction techniques.  

The reconstructed model of the bridge was 

represented by a point cloud, which was created 

using two methods: laser scanning and UAV 

photogrammetry (Figure 5).  

Thanks to improvements in data collection and 

management, the scanned areas can be much 

larger today, which is essential in the case of large-

scale infrastructure assets.  

The advancement of scanning technology has also 

resulted in increased flexibility and convenience in 

process spatial planning.  

It is mainly about the mobility of instruments, their 

parameters, including range and resolution, and 

the ability to combine measurements from multiple 

stations. 

However, not all parts of such extensive facilities 

as the Knurów Bridge can be efficiently and quickly 

scanned, especially when setting up the measuring 

station without interfering with traffic on the 

motorway or under the object.  

Then, an alternative method of obtaining data is 

low-ceiling photogrammetry.  
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Figure 5: Laser scanning and UAV aerial photogrammetry of the flyover in Knurów 

 

It uses a series of photos taken from various angles 

and perspectives.  

It is possible to create an accurate spatial 

representation of the photographed object using 

the camera's exact location when taking pictures.  

In the case of the test bridge in Knurów, the results 

of the 3D reconstruction from both methods were 

integrated, and one large, coherent point cloud 

was created.  

The cloud was used to build a virtual model of the 

whole flyover. It became the basis for the creation 

of a digital twin and the testing of new inspection 

methods. 

The low-ceiling photogrammetry was used in all 

three objects (bridges in Cieszyn, Knurów and 

Hevelius Bridge) while laser scanning in two of 

them (the bridge in Knurów and Hevelius Bridge).  

On this basis, point clouds were created, which, 

after orientation in the global coordinate system, 

served as a reference for 3D modeling.  

The primary environment for creating BIM models 

was Autodesk Revit. Depending on the element 

type, the LOD (level of detail) 4 or 5 was used. 

Figure 6 shows the point cloud and fragments of 

models of the individual objects. 

IV. NEW TECHNIQUES FOR BRIDGE INSPECTION 

Knurów Bridge test site is used to test new 

inspection techniques for hard to access bridge 

structures.  

Different types of drones (Figures 5 and 7) are 

used as part of a test. Thanks to the Silesian 

University of Technology cooperation with the 3D 

Format Company from Gliwice, such works are 

possible.  

Implementation of the joint research project has 

allowed for the entire rich fleet of unmanned aerial 

vehicles (UAVs) that the company has at its 

disposal.  

They are integrated with photogrammetry, thermal 

imaging and scanning devices. 

Tests of cyber-physical inspection devices were a 

novelty even on a European level (Figures 7 and 

8). The Trimble XR10 helmet integrated with 

HoloLens 2 mixed reality (MR, Mixed Reality) 

goggles were tested. A similar approach to bridge 

inspection was presented in publication [1]. 

However, the authors did not have access to MR 

devices at the time. Instead, they used only virtual 

reality goggles (VR, Virtual Reality).  
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Figure 6: Fragments of BIM models of the tested bridges 

 

Meanwhile, it turns out that cyber-physical MR 

devices are beneficial for such large and 

complicated bridges as the ones described above. 

The device consists of a wearable hardware 

platform (Wearable Device) that integrates display 

and data acquisition modules.  

A Windows-compatible operating system manages 

multiply sensors (gyroscopes, microphones, 

cameras, etc.). It also has access to measurement 

devices and internal positioning, as well as image 

and gesture recognition. It allows for voice control 

and recording of messages, merging real and 

virtual into images or video.  

In real-time, with wireless transmission, it is 

possible to consult with other experts who do not 

need to be in the vicinity of the tested object. Both 

the helmet and Trimble Connect for Hololens 

installed software meet high safety requirements 

for an engineer in the field under specific 

construction site conditions.  

At this stage of the project, the possibilities of 

tracking hand and eye movement, speech 

recording and recognition, and automatic device 

calibration were assessed. There were also 

attempts to see how intuitive it is to interact with 

displayed holograms and menu options shown by 

applications installed on the device. 

Trimble SiteVision handheld device was also used 

(Figure 8). It uses mixed reality technology, which, 

when combined with precise GNNS, allows for 

better representation of virtual models in real 

scenery. Both syntheses of reality are displayed on 

a classic smartphone which the user simply places 

in a special holder. 

In Figures 7 and 8, photos from various devices 

and applications tests were shown at previously 

selected test sites.  

The timing of the pandemic has had a strong 

impact on the pace of research, which has not 

been yet completed.  

Most importantly, the effectiveness of only mobile 

applications in Poland [6], supporting the bridge's 

inspector work at the site, was checked at 

Hevelius Bridge (Figure 8). The application named 

Smart Bridge Inspection was developed by 

CADmost corporation.  

It is possible to use it on tablets and smartphones 

with Android or Windows systems that support AR 

(Augmented Reality) technology. 
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Figure 7: Inspection of the bridge in Knurów with the use of drones and cyber-physical devices 

 

Despite the fact that the application is ready to 

display BIM models, it goes beyond the current 

requirements that are specific not just to the Polish 

bridge-road administration. Therefore, the scope of 

its application is tested mainly in compliance with 

the expectations of bridge administration. 

In addition, the operation of smart wireless sensors 

for measuring temperature and humidity was 

tested. Thanks to the embedded bluetooth 

interface, they can register monitored parameters 

directly in smartphone or tablet memory. 

 

Figure 8: Field tests of new inspection techniques 
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CONCLUSION 

The article presents the first steps and research 

about Digital Twins done by the Silesian University 

of Technology Bridge team.  

In the times of widespread digitalisation of more 

and more areas of our life, it is shown how 

important it is to integrate various systems and 

technologies used to obtain, process and share 

diverse and massive data collected through the life 

of a bridge structure.  

It is no longer enough to archive paper 

documentation, perform an annual visual 

inspection of technical conditions, or mount 

advanced SHM systems as electronic monitoring. 

Especially since they are mostly isolated from 

traditional bridge monitoring systems (BMS),         

a variety of innovative digital tools will be tested at 

presented test sites. Those activities aim to 

establish procedures to create Digital Twin models. 

The first results of the featured experiments were 

shown at the international infraMOST 2021 Expo & 

Multi-Conference, www.infraMOST.info. 

Demonstrations at the next www.infraBIM.info will 

be continued in December 2021. 
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SUMMARY 

The article describes the first stage of research on 

digital twin bridges, which was undertaken by the 

bridge team of the Silesian University of 

Technology.  

The process of selecting bridge structures that 

have become testing grounds is presented.  

Each bridge has been briefly characterized in 

terms of suitability for testing devices and 

technologies supporting bridge inspectors and the 

process of creating bridge digital twin.  

The most important techniques that will be tested 

next to the BIM methodology and especially mixed 

reality, UAVs and 3D reconstruction with laser 

scanning and photogrammetry are shown. 
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CAISSONS FOR BRIDGES OVER WATER 
 

 
Edinson Guanchez, Associate Professor, Universidad Politécnica          

de Cataluña (UPC), CEO at Sísmica Institute S.L, Barcelona, Spain 

 

 

Figure 1: Caisson towing to its final position, 1915 Çanakkale Bridge. Source: 1915canakkale.com 

 

INTRODUCTION 

The design of foundations for over-water bridges 

and offshore marine terminals might be                  

a challenging task for the bridge engineer.  

Whereas the ground conditions at the bridge 

location may be the dominating factor in the design 

of foundations for a bridge on land, in the case of 

over-water bridges they can be of relatively minor 

importance compared with the design problems 

posed by the environment.  

Bridges in the open waters of a wide estuary or bay 

crossing are generally subjected to environmental 

factors like wind and wave action which can limit 

the period of operation of floating construction 

plant and can cause damage to the partly 

completed structures.  

This favors the use of large prefabricated elements 

which can be transported by barge to the site of 

the bridge and sunk rapidly on to a prepared bed 

of granular material or to a piled platform, see 

Figures 1 and 2.   
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Figure 2: Caisson Towing for construction of The Osmangazi Bridge – Initial Launching from dry dock 

to wet dock. Credit: OTOYOL A. S. 

CAISSON FOUNDATIONS (GENERAL 

DESCRIPTION) 

Caissons could be the preferred foundation 

solution for heavy superstructure loads and high 

lateral loads, they also are frequently called as 

“well foundations”. This type of foundation is typical 

in long-span bridges like suspension or cable 

stayed bridges. 

These types of foundations are traditionally used 

for several types of over water bridge projects and 

also in seismically active regions. They offer many 

advantages compared to traditional pile 

foundations, particularly they are a suitable solution 

for bridge foundations prone to lose lateral support 

due to liquefaction or scour.  

From a geometric point of view, the typical caisson 

shapes used in practice are: circular, twin circular, 

double D and double octagonal or rectangular.  

Of these, circular, twin circular and double D, are 

probably the most used types in many regions, 

Figure 3. 

 

Figure 3: Typical types of bridges supported on (a) circular, (b) twin circular and (c) double-D caisson foundations. 

Source: Seismic Design of Foundations. Bhattachayra et al, 2019 
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Figure 4: Caissons 

arrival for the 

construction of the 

Queensferry Crossing 

(Scotland, 2017) 

 Credits: Forth Crossing 

Bridge Contractors 

 

 

Figure 5: Caisson 

lowering for the 

construction of the 

Queensferry Crossing 

(Scotland, 2017) 

Credits: Forth Crossing 

Bridge Contractors 

 

Circular caissons are simple to construct, easy to 

sink and their theoretical stiffness is uniform in all 

directions. Their diameter is typically up to 12m, 

suitable for single carriageway bridges.  

Nevertheless, much larger caissons have been 

built, such as the 32m in diameter caissons with    

a double skin casing that were used on the 

Queensferry Crossing in Scotland which was 

completed in 2017, see Figures 4 - 5. 

For multi-lane traffic and wide piers, twin circular 

and double-D caissons are traditionally preferred, 

due to their high seating width.  

They are also relatively effective in controlling the 

scour effects because of its intrinsic shape, which 

does not allow turbulent flow to be continuous 

along the width of their cross section 

(Bhattachayra, 2019).  
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Open-well caissons are used in shallow waters 

where the shallow draft bottom section is floated to 

the construction site and sunk as the walls are 

raised progressively.  

The construction operations for open-well sinking 

are more vulnerable to the weather than those for 

box caissons which can be sunk during a shorter 

period of favorable weather.  

However, construction is feasible at exposed sites 

by sinking the caissons from an artificial island or 

by using a Jack-up barge to give a stable working 

platform.  

A box caisson is a suitable type where the water 

depth is sufficient for flotation of the unit, in other 

cases an open well caisson will be the preferred 

solution. 

Delays and hazards due to weather conditions 

have been greatly minimized in recent years by the 

availability, in many parts of the world, of heavy-

lifting cranes capable of lifting of bridge pier 

caissons as a single unit or their parts, see Figures 

6 – 8. 

PIER CONSTRUCTION WITH BOX CAISSONS 

Box caissons are hollow structures with a close 

bottom designed to be buoyant for towing to the 

bridge site and then sunk on to a prepared bed by 

admitting water through flooding valves.  

Box caissons are unsuitable for founding on weak 

soils, or for sites where erosion can undermine the 

base. They are eminently suitable for founding on 

compact granular soils not susceptible to erosion 

 

 

  

Figures 6 - 8: Construction of the Osmangazi Bridge. A view of the tower foundations from the wet dock (top). Installation of 

the steel shafts using the floating crane (sheerleg) Taklift 7 of SMIT/Boskalis at the wet dock (bottom). 

 Source: e-mosty September 2018 
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by scour, or on a rock surface which is dredged to 

remove loose material, trimmed to a level surface 

and covered with a blanket of crushed rock, see 

Figure 9a.  

Skirts are provided to allow the caisson to bed into 

the blanket as cement-sand grout is injected to fill 

the space between the bottom of the box and the 

blanket.  

It is important to consider that bed preparation of a 

rock surface in deep waters can be subject to long 

delays due to weather conditions at exposed sites. 

Where the depth of mud or loose material is too 

deep for dredging, a piled raft can be constructed 

to support the caisson as shown in Figure 9b. 

In certain cases, a chemical soil modification 

procedure with deep cement mixture has been 

successfully used and it has been demonstrated 

 

Figure 9:  

(a) Box caissons 

on rock blanket 

 (b) Box caissons 

on piled raft 

that this technique is able to improve soft soil 

unconfined compressive strengths by up to 700 

percent (Halebsky and Wetmore 1986). 

The last few meters of lowering a large box caisson 

are critical. A large volume of water beneath the 

structure must be displaced, and if the caisson is 

lowered too quickly it can skid away from the 

intended position.  

In tidal conditions slack water is desirable to 

minimize the flow velocity causing erosion in the 

narrowing space between the caisson bottom and 

the bed. 

Caissons have been constructed in a broad range 

of dimensions and heights. In practice it could be 

found caisson foundations built for water depths 

ranging between 20m - 50m.  

 

Figure 10: Taizhou Yangtze 

River Bridge. Caisson 

foundation of central pylon 

Source: e-mosty March 2016 
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Figure 11: Design features of an open-well caisson 

However, it is worth mentioning some projects like 

for example the Jiangying Yangtze River Bridge 

where the north anchor block has caissons with 

plan dimensions of 70×50m with depth of 58m, 

and the Taizhou Yangtze River Bridge completed in 

2012.  

The caissons have plan dimensions of 58×44m 

and a total height of 76m for the middle pylon 

located in the centre of the river, Figure 10. 

PIER CONSTRUCTION WITH OPEN-WELL 

CAISSONS.  

Open caissons are suitable for foundations in rivers 

and waterways where predominating soil consists 

of soft clays, silts, sands or gravels, since these 

materials can be readily excavated by grabbing 

from the open wells, and they do not offer high skin 

friction resistance to the sinking of the caissons.  

Open caissons are advantageous for bridge 

foundations in rivers where there is a large 

difference in the seasonal levels.  

The caisson can be allowed to be completely or 

partially submerged by the flood water without 

damage during the period when no work on the 

bridge superstructure is possible.  

Caissons should, whenever possible, be 

constructed as isolated units separated by some 

distance from adjacent caissons or other deep 

structures.  

The effect of sinking and grabbing, in most of the 

cases, causes displacement of the surrounding 

soil, with the result that it is difficult, if not 

impossible, to maintain the verticality and plan 

location of caissons sunk close together, see 

Figure 11. 

CAISSON CONSTRUCTION AND SINKING 

METHODS 

Construction of shoe. The normal practice in 

caisson construction is to build the shoe on land 

and slide or lower it into the water to be floated out 

to the site, or to construct it at a dry dock which is 

subsequently flooded to float out of the shoe. 

  

Figures 12 and 13: Caisson construction at a dry dock 

Source: e-mosty September 2018 
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Caisson shoes constructed on the riverbank or 

other waterway are slid down into the water or 

rolled out on a horizontal track, and then lowered 

vertically by a system of jacks and suspended 

links.  

A launching system known as launching ways, 

slipway, boat ramp or boat deployer, among 

others, is typically used depending on the 

geographical context. 

Care must be taken to avoid distortion of the shoe 

during construction.  

On poor ground conditions the usual practice is to 

lay a thick blanket of crushed stone or brick rubble 

over the building site and to support the launching 

ways on timber or steel piles.  

Economy in temporary works is given by 

constructing caissons in their final positions.  

This can be done for land caissons and for river 

work when is possible to take advantage of low 

water stages by constructing caissons on the dry 

riverbed or on sand islands.  

This is only advisable when the low water periods 

can be predicted with reasonably accuracy and 

there is no risk of sudden floods. 

TOWING TO SINKING SITE 

The operation of towing a caisson from the 

construction site to its final location must be 

carefully planned.  

Soundings must be taken along the route to ensure 

an adequate depth of water at the specific state of 

tide or river stage at which the towing is planned to 

take place.  

An essential requisite of the launching, towing and 

sinking program is a stability diagram for the 

caisson.  

In these diagrams the weight of the caisson is 

plotted for a variety of conditions of free floating or 

floating with compressed air in the working 

chamber.  

Additionally, the air pressures in the working 

chamber required to give any desired internal 

water level can be read from the same diagram.  

BED PREPARATION 

The first operation is to take soundings over the 

sinking location to determine whether any dredging 

or filling is required to give a level bed for the 

caisson shoe.  

A study should be made of the regime of the 

waterway to determine whether any bed 

movement is caused by the current.  

Such movement can cause difficulty in keeping a 

caisson plumb when landing it on the bottom, 

especially at the last stages when increased 

velocity below the cutting edge may cause 

nonuniform scour.  

Difficulties with bed movement can be overcome 

by sinking flexible mattresses on the sinking site 

made of geotextile materials or steel mesh baskets 

weighted with crushed stone. 

SINKING OF OPEN WELL CAISSONS AND 

SUPPORT STRUCTURES 

Different methods could be used for maintaining 

position and verticality of caissons during sinking. 

Some of those methods are: 

a) By means of tugboats (extensively used in 

practice) 

b) Free sinking using guides between 

caissons and fixed scaffolding.  

c) Lowering by suspension links and jacks 

from piled scaffolding or floating plant. 

The choice of the method depends on the size of 

caisson, the depth of water, and particularly on the 

stability of the bed of the waterway.  

The installation operations using tugboats are 

illustrated in following sketches and photographs, 

see Figures 14 – 17. 

When a caisson reaches the stage where concrete 

must be added to maintain downward movement, 

the rate of sinking should be controlled by a fixed 

cycle of operations.  

The usual procedure is to maintain a 24-hour cycle 

comprising excavation from the wells, erecting 

steel plating for formwork in the walls, and 

concreting a 1.2 to 2.4m lift of the walls.  
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Figures 14 – 17: Construction of the Osmangazi Bridge. Submerging of North Tower Caisson by diving support vessel and tugboats 

Source: e-mosty September 2018 

 
Sinking should proceed continuously, but the 

assembly and welding of steelwork is preferably 

scheduled for the daylight hours.  

The level of the concrete should be controlled by 

using stability diagrams. 

Control of verticality can be achieved by one or      

a combination of the following methods:  

a) Adding concrete on one side or the other. 

b) Differential dredging from beneath the 

cutting edge. 

c) Pulling by block and tackle to anchorages. 

d) Jetting under the cutting edge on the 

hanging side.  

e) Using a controlled water ballast system. 

Grabbing is one of the most used methods for 

excavating from the open wells, Figure 18. 

 

Figure 18: Construction of the Osmangazi Bridge: Dredging by clamshell equipped floating crane  

Source: e-mosty September 2018 
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Figure 19: Controlled water ballast system 

used in the Osmangazi Bridge 

Photo Credit: Fatih Zeybek, OTOYOL 

YATIRIM VE İŞLETME  

 

caissons, connected to each other by ballast pipes 

and 18 rooms were formed for controlled water 

pumping in order to guarantee the caisson 

verticality during immersion, Figure 19. 

An essential factor in the success of ejector 

excavation is that the material must be 

cohesionless, i. e. gravels, sands or sandy silts.  

If ejectors are lowered into soft clays or clayey silts, 

they merely form a vertical-sided hole, and the 

material does not tend to slump towards the 

ejector unless assisted by independent water jets.  

COFFERDAMS 

In some caissons, the permanent caisson structure 

terminates below low-water level and the piers are 

constructed on the decking over the caisson.  

In such cases it is necessary to provide                  

a temporary cofferdam on top of the caisson in 

which the piers can be constructed in the dry. 

Cofferdams may be constructed in tongued and 

grooved timber, in timber covered with bituminous 

materials or, in cases of repetitive work, by            

a movable steel trussed section covered with steel 

plating or interlocking sheet piling.  

An example of a remarkably interesting cofferdam 

arrangement with sheet piles could be appreciated 

in the following pictures from The Signature Bridge 

Project in India that crosses the river Yamuna at 

Wazirabad, Figures 20 and 21. 

  

Figures 20 and 21: Sheet Pile cofferdam resting on rock with toe pinning arrangement 

Source: e-mosty March 2021 

When a controlled water ballast system is used, 

the ballast tanks are filled with water until the 

element stops floating and is suspended on the 

immersion facilities. 

The use of water as ballast to immerse elements is 

advantageous because it is considered as a fast 

method and this filling up process with water can 

be accomplished by opening a certain combination 

of valves (mostly placed in or just above the floor). 

During the construction of the Osmangazi Bridge, 

there were 54 compartment rooms in the RC 
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PNEUMATIC CAISSONS 

Pneumatic caissons are constructed on ground 

level and must be subsided into the soil, which can 

be achieved by digging from within the caisson 

under compressed air.  

Below the bottom plate there is an enclosed 

workspace where workmen can dig and from 

where excavated soil can be removed.  

A cutting edge around the bottom plate facilitates 

the subsidence into the soil. Because of the 'diving 

bell principle' used for this caisson, it is called        

a 'pneumatic' caisson, Figure 22. 

The functioning of a pneumatic caisson is as 

follows. Due to the overpressure inside the airtight 

partition of the caisson, dry workspace is created 

to enable the digging process.   

 

Figure 22: Measures to improve subsidence of a pneumatic caisson 

 

There will be an access to the workspace through 

an air lock which ensures that the overpressure is 

maintained.  

Water locks are used to get excavated earth out of 

the workspace: Wells (or shafts) are placed in the 

caisson in such a way that the lower endings of 

these tubes reach a pit in the soil below the inside 

water level.  

The water remains in the tube because of the 

compressed air inside the caisson.  

The water rises in the tube allowing for the air to be 

confined. Excavated earth and stones can be 

dumped into the pit, from where it can easily be 

removed by simply reaching under water with 

buckets.  
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Figure 23: Schematic of a pneumatic caisson 

 

 

As a result of the excavation and with help of the 

cutting edges and weight of the caisson it will dig 

itself into the soil. In some cases, an extra mass on 

top of the caisson could be required for this, see 

Figure 23. 

Control of position and verticality of pneumatic 

caissons is more readily attainable than with open-

well caissons. It is possible to maintain control by 

careful adjustments of the excavation beneath the 

cutting edge. 

Excavation in the working chamber is usually 

undertaken by shovelling into crane skips, 

compressed-air tools such as clay shovels or 

breakers being used in stiff clays or boulder clays.  

When excavations are in sands or gravels, hand-

held water jets can be used to drain the material 

into a sink from where it is raised to the surface 

using an open-ended pipe with its lower end 

dipping into water in the sump.  

By using a valve system connected to the pipe, the 

water and soil are forced by the air pressure in the 

working chamber to get out of the caisson. 

The compressed-air supply must be regulated to 

provide adequate ventilation for the workmen. In 

permeable ground this is readily attained by 

allowing it to escape through the soil and beneath 

the cutting edge.  

However, when sinking in impermeable clays and 

silts, ventilation must be maintained by opening a 

valve to allow air to escape through the caisson 

roof.  

Careful regulation of air pressure is necessary 

when sinking in ground affected by changes in tidal 

water levels. 

In very permeable ground, such as open gravel or 

fissured rock the escape of air may be so great as 

to overload the compressor plant.  



   
 

3/2021 

REFERENCES: 

1. Foundation Design and Construction. M.J Tomlinson. London, UK. Seventh Edition. (2001). 

2. Seismic Design of Foundations. Concepts and Applications. Bhattacharya. S; Orense. R; Lombardi. D. Institution 

of Civil Engineers (ICE). London, United Kingdom. (2019) 

3. Hydraulic Structures (Caissons). Lecture notes. M.Z. Voorendt, W.F. Molenaar, K.G. Bezuyen. Department of 

Hydraulic Engineering. Faculty of Civil Engineering. Delft University of Technology. (2011).  

4. Halebsky, M., and Wetmore, S. B. (1986). “Seabed Strengthening by Deep Cement Mixing” OTC 5108. 

Proceedings, 18th Annual Offshore Technology Conference.  

5. e-mosty magazines 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24: Caisson for the metro of Amsterdam 

 

 

This can be greatly reduced by pre-grouting the 

ground with cement, clay or chemicals or by 

plastering the exposed faces of the excavation with 

clay or by packing puddle clay beneath the cutting 

edge. 

The application of pneumatic caissons is limited to 

depths up to about 30m below the free-water 

surface, because of the high-water pressure at 

these depths. 

Although caissons nowadays are widely used in 

several types of bridge projects all over the world, 

the pneumatic types are not so commonly used for 

bridge projects in comparison to open-well 

caissons.   

However, there are some other types of projects 

where this type of caisson is still being used, like 

for example in the construction of metro tunnels.  

It is worth mentioning the Amsterdam Noord-

Zuidlijn underpass of the Damrak (between the 

underpass of Amsterdam Central Railway Station 

and the bored tunnel under the Damrak), as a 

relatively recent project where this type of caisson 

was used, Figure 24. 
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INTERVIEW WITH VANJA SAMEC 

 
Magdaléna Sobotková 

 

You love bridges. How did it start? 

Bridges connect people, represent the peak of civil 

engineering technical excellence as well as landmarks 

in many countries. For sure my musician-technical 

family roots and environment influenced my 

professional path.  

Aesthetics, technical exactness, creativity, open mind 

and hard work were part of our family´s daily life. 

Respect, empathy, open communication, personal 

vision, a positive mindset, and persistence were all 

essential values instilled in me by my parents.  

I admired bridges before starting the study at the 

University of Technology in Ljubljana, Slovenia. I fell in 

love with civil engineering because of the exactness of 

the study, creativity but also because I enjoyed math, 

which is a tool for technical studies.  

As an excellent mathematician and student in high 

school, the conditions for the realisation of my dreams 

were given. For a woman, the choice of this difficult 

profession 40 years ago was quite challenging, but 

most probably also the personal values which I 

mentioned before helped me to successfully withstand 

most of the challenges in my life.  

After Master Degree at the University of Civil 

Engineering in Ljubljana, a very innovative post-

graduation study was offered to the best graduated 

young engineers - Computer in Civil Engineering. 

I accepted the invitation and upgraded my know-how 

of civil engineering with numerical, programming, and 

engineering special skills three decades ago.  

My profession at that time was more an exception as 

a rule – but desired in company TDV in Graz, Austria, 

where I got a chance to grow in different perspectives 

– as an engineer, software developer of engineering 

applications, project manager, software application 

teacher and a leader. My love for bridges in TDV 

became deeper, more realistic, and stronger than 

ever before. Bridges have been part of my life for 

more than three decades. 

Can  you  remember the number of bridges you have 

been involved in? What was your role? 

Thanks to my skills, I have always contributed to 

companies that combine software development and 

project engineering.  

Besides software development the analysis and 

calculation of international bridge projects with our in-

house developed software allowed me to challenge 

my technical know-how, test our software 

applications, and continuously improve their quality.  

It was a great privilege being involved in world iconic 

bridge projects, being part of international project 

teams, involved in research projects, cooperating with 

universities all over the world, and exchanging 

knowledge and experience.  

Several international events, conferences, bridge days 

extended my tied connection to practical engineering 

needs and many colleagues worldwide.  

As a team of engineers with software programming 

expertise at TDV we have been involved in complex 

projects and supporting the designers and 

constructors during their project work – typically for 

most challenging projects. All other engineering 

companies could handle it by themselves.  

We worked hand in hand with project engineers from 

early preliminary design, listened to their requirements 

and optimisation ideas, which we also implemented in 

our software application.  

 

Vanja Samec, MSc Phd 

Independent Bridge & BIM Consultant 

Chair of IABSE Task Group 5.6 “BIM in Structure Management” 
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We understood the benefits of improvement; we were 

engineers and developers in one person.  

Afterwards, the testing was necessary, quite a 

stressful job.  

The project engineers worldwide were waiting for 

results and the testing was at that time done by us, 

engineers with programming skills, the testing 

“example” was the project itself.  

Are there any bridges special for you? What are your 

favourite ones? Have you worked on any of them?  

My first challenging bridge software development and 

technical software support project thirty years ago 

was the suspension bridge Kwangan in Korea. I can’t 

forget the joy of success after a successful 

programming/testing period and positive engineering 

company’s response.  

The landmark of Abu Dhabi is Sheik Zayed Bridge, a   

combination of pre-stressed boxes, steel arches and 

cable-stayed supports. The famous British female 

architect and Pritzker Prize winner Zaha Hadid 

invented symmetrical steel arches, forming a 

waveform, giving the structure its fluid, but also desert 

dunes silhouette. High Point Rendell from the UK was 

involved in the project from its initial inception, 

performed detailed design, and working with our team 

due to usage of software application RM Bridge.  

For one of the world’s most complex bridge projects, 

several additional software capabilities were 

requested and I am really honoured to have been part 

of that team. 

The world’s third-longest cable-stayed bridge 

Stonecutters Bridge in Hong Kong with the main span 

of 1,018m is my favourite one. Wind engineering - 

wind buffeting and CFD calculation – development 

and support were requested from Ove Arup Hong 

Kong. Being involved in the testing phase especially 

for this project measured and developed wind profile, 

working with Arup bridge experts required my 

technical upgrade of wind dynamics. Excellent 

experience. 

Each project represented a beautiful learning phase, 

but also an exchange of know-how between us, 

bridge engineers/developers and application users - 

bridge designers. I had the privilege to visit most of 

these projects on site, receiving some additional 

explanations from designers and constructors 

personally.  

What is the most personally satisfying project you 

have worked on? Why? 

There have been many satisfying projects, but during 

the years the challenges grew.  

In the last decade, I would like to highlight the 

initiation of challenging involvement in the Norwegian 

Public Roads Administration (NPRA) coastal highway 

E39 ferry-free project – floating bridges.  

Bentley Systems – the owner of RM Bridge and the 

Norwegian engineering firm TDA COWI AS have 

collaborated in the development of dynamic response 

due to wind and wave loading in the time-domain 

within RM Bridge. Very innovative solution, excellent 

collaboration, teamwork and usable outcome 

confirmed my initial judgment about final success. 

The conglomeration of technical know-how, 

management expertise and leadership capability led 

to the establishment of my own company five years 

ago – BTG IT & Consulting in Austria.  

Very innovative plan, a team of several organized and 

experienced colleagues awoke interest by corporation 

Allplan, which acquired this start-up company and 

helped us in further steps.  

Bridge technical know-how, global bridge industry 

expertise, leadership, communication skills are only 

some of the necessary skills for a successful zero 

start.  

Also, this project brought some valuable experience. 

Successful four years of growth and international 

awareness make me very proud and happy. I handed 

over the future vision to the younger generation of my 

ex-team and leadership to the corporation Allplan.  

What led you to BIM for bridges (BrIM)? 

Bridge knowledge, connected with computer 

technology, has become part of daily project work in 

the last 20 years. In my first fifteen years of 

professional life, I had the privilege of working at TDV 

with excellent engineers and developers as well as 

product managers in one person.  

 

 Visit to the Macao Bridge before its official opening  
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For me, progress, innovations and a better future for 

bridges were always the most important task. After 

TDV was acquired by the international corporation 

Bentley Systems, the next important step forward in 

my skills happened.  

Due to my graduation in computer science combined 

with civil engineering of course BIM is more than 

interesting to focus on. Solutions which we developed 

and advocated were driven to serve mainly design 

and construction.  

BrIM should be nowadays understood as a process, 

including all information along the life cycle by sharing 

a 3D bridge model (as-design, as-built and as-perform 

ones) with all their assets from early planning till 

maintenance, and demolition.  

All types of defects, time-dependent history of those, 

semantic information, also sensor locations, 

performance indicator-based maintenance plans must 

be part of BIM if we want to benefit from it. To achieve 

this requirement, digital technology in form of all 

aspects will become part of BIM. 

You have been involved in a very fast-developing field. 

Can you comment on computer technology's 

influence over your career?  

As a bridge engineer and software developer, I have 

continuously upgraded myself professionally. 

Education never stops. Especially computer 

technology in the last twenty years developed 

extremely fast.  

For all professions, computer technology should and 

must be understood as a tool for better utilization of 

the profession itself – in our case bridge engineering. 

In the last decade unfortunately the split between 

engineers and programmers in software corporations 

is growing, bridge engineering mind is in danger to 

become underestimated and overruled.  

The bridge community is seeking practical and 

engineering use of software solutions. First and 

primarily, technical bridge know-how is essential for 

the development of high-end bridge software.  

IT engineers convert ideas and know-how into bits 

and make the software more user-friendly, efficient, 

but competent bridge engineers undertake all of the 

concepts and verifications.  

It is important not to lose the focus in technical, bridge 

engineering mind for quality, sustainability and safety 

of bridges, which represents technical objects to 

connect, transfer and carry.  

Computer technology, IT, recently IoT (Internet of 

Things), AI (artificial intelligence) are serving the 

bridge engineering industry to fulfil the technical 

requirements better, quicker and more efficient. 

What future do you think BrIM will have? What 

development and utilisation can we expect? 

BrIM means the incorporation of all phases of the 

bridge life cycle. For the last 20 years, BrIM 

represents a core of infrastructure automatization and 

digitalization, but unfortunately mostly used for design 

and construction. But the life period of structures after 

their handover is significantly longer.  

The fatal accidents, climate changes, and critical 

maintenance age of several bridges have increased 

interest worldwide for the digitalization of O&M life 

cycle resp. its connection with previous processes.  

Currently, the maintenance phase is partially involved 

only. Owners and infrastructure authorities recognized 

the need for information-based solutions to enhance 

the efficiency of transportation infrastructure 

maintenance, decrease costs and avoid fatal risks. 

Existing Bridge Management Systems only partially 

facilitate the smooth digital procedure. Inspection 

guidelines are intended for manual inspection mainly.  

It should be beneficial for digitization to clarify and 

consolidate inspection regulations. Inspections and 

maintenance require organized, automated, open and 

transparent digital processes.  

Digitalization demands a variety of data standards that 

may be used in enhanced BIM for O&M using data 

standardization criteria. Open BIM platform with an 

exchangeable 3D data model, enriched with several 

attributes in continuous transfer as input/output 

parameters, is the goal.  

Existing BIM models and technologies, used by 

design/construction companies, would be enriched by 

assets due to inspection and maintenance processes. 

Software providers worldwide could take this 

challenge very seriously, as the quantity of existing 

bridges in comparison with new ones is huge.  

Do you see any differences in BrIM utilisations across 

the regions? If so, how do you think the differences 

can be overcome? 

It is really interesting to observe the development of 

BrIM worldwide in the last decades, which has mostly 

depended on government project tender 

requirements, standards and BIM software 

capabilities.   
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Nowadays the needs of authorities and project 

owners are driving Open BrIM utilisations. Different 

countries, different software solutions with similar 

workflows, but different databases.  

The capability of data exchange and standardization 

is the key to communication between different BrIM 

models. Open BIM is a key. We need to guide into the 

direction of exchangeability in the manner of Open 

BIM connectivity between single solutions.  

As per News in Geospatial World, the United Kingdom 

has the world's most ambitious and radical BIM plan, 

which intends to promote the worldwide image of UK 

designers, contractors, and product developers to 

generate new business, growth prospects, and jobs in 

the nation. 

The United States is one of the largest construction 

markets worldwide. For Engineering and Construction 

(AEC) industry increased private funding of 

construction projects and the US government’s aim to 

support investments in infrastructure, opportunities 

are awaiting companies specializing in BIM. 

In Singapore, BIM is identified as a key technology 

that eases its journey towards the smart 

nation. Because of the potential to enhance 

construction productivity, driving BIM adoption has 

been seen as one strategic thrust.  

The road to BIM implementation in Europe is making 

good progress. Companies, academics, professionals 

and governmental institutions are showing great 

interest in the technology. Europe understands that 

collaboration across borders and standardizing 

common practices is the key to success and the 

government is playing a good role in it. Different 

countries are moving at different paces. Scandinavia 

is leading in its utilization. 

The BIM initiative in Australia is highly infrastructure-

driven. The level of BIM adoption here is wide-ranging 

and fragmented at the same time.  

China began its expedition of BIM information in the 

year 2001. According to the plan, by the end of 2020, 

a survey and design unit, premium and class building 

construction enterprise should master and realize 

BIM’s integrated application with enterprise 

management system and other information 

technologies. 

Korea is an excellent example of fast driven Asian BIM 

country, extremely well organized. Government 

organizations are seeking even for complete 

digitalization of BMS.  

Many not mentioned countries worldwide are building 

the BrIM future. The goal to unify, standardize and 

utilise BIM worldwide in the last five years is growing, 

parallel to digital technology.  

Each country worldwide is aware of the benefits and 

emerging need to utilize BIM – also in the 

maintenance and operation phase of the bridge life 

cycle. Besides BIM technology there is of course        

a great need for experienced bridge engineers, 

inspectors and other competent users of BIM 

technology. 

What borders or limits are there for BrIM usage if any? 

The majority of bridges built before the so-called BIM 

era are not digitalized, as-built models differ from as-

design models and the majority of existing bridges are 

not available in neither of both options.  

We are hoping that development in scanning 

technology will assist in the future. There is also 

another challenge. When these existing bridges are 

translated into a digital world, there is a huge amount 

of data generated that require to be sorted out, 

compared and evaluated, which is an issue 

worldwide.  

For what projects is BIM most suitable and are there 

any projects that cannot take the advantage of BrIM? 

BIM is suitable for all types of bridges, which are 

generally understood as challenging structures. 

Bridge Information Modelling should be understood as 

a process, including all information along the life cycle 

by sharing a 3D bridge model with all its data from 

early planning till maintenance, and demolition.  

I would like to underline, that BIM is not only               

a visualization of a geometric model but represents 

complete data storage of the assets over the bridge 

life cycle, where a graphic representation of these 

data (geometrical, structural, defects, etc.) is only the 

visual result. We are focused on a “single source of 

truth”.  

The bi-directional data exchange must be possible. 

The history of discrepancies and conflicts should be 

visible along the time axis and the mistakes can be 

avoided before they occur on the construction site.  

Are there any standards related to BrIM? How do you 

see their development?  

Each commercial BIM software has its own native 

format. Generally, we wish to exchange the bridge 

model with the external project teams. In this case, 

the receiving member must have the same or 

compatible software to view/modify the model.  



   
 

3/2021 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Neutral IFC (Industry Foundation Class) file format, 

developed and maintained by Building Smart 

International, is currently the most widely spread open 

BIM exchange format and can be understood as        

a communication interface format, although the 

software and hardware independent data model is the 

goal of BrIM initiative.  

OpenBIM simply means working with BIM by using 

open Standards. They are continuously in 

development, they exist mostly for building; bridges 

represent quite an exception. 

Bridges are only one part of the infrastructure. Roads 

and tunnels represent together with bridges the 

complete transportation network which needs to be 

available in the Infrastructure BIM model.  

Any digital separation of infrastructure types (roads/ 

bridges/tunnels) does not conform to reality and must 

be considered as a requirement from software 

providers and openBIM standard developers. 

The existing BIM viewers can‘t visualize the deformed 

and defected 3D bridge model, neither the details of 

sensors or damages. Time is an important asset 

during the life cycle of bridges. In the currently most 

widely spread open BIM exchange IFC format, some 

extensions are expected. 

Do you find that companies are more adventurous or 

more conservative when seeking new ways to use 

these new methods like BrIM? 

Information-based solutions should have potentially     

a major role in enhancing the efficiency and safety of 

transportation infrastructure - and in decreasing 

costs.  

Bridges are complex structures: in a manner of the 

complexity of the geometry, high dependency of the 

structural behaviour from construction sequences and 

erection techniques.  

Generally, BrIM is the wish for most bridge 

engineering companies, but adoption is still pending. 

What is the reason? Companies are still quite 

conservative when seeking BrIM, which is indeed not 

reaching the goal yet. Realization of BrIM is close, but 

at the moment many companies drive parallel stories 

to choose the best workflow – with or without BrIM – 

due to the tender requirements resp. the complexity 

of the bridge project.  

Sometimes too many promises by software providers 

are leading to disappointment due to project delays 

and obstacles.  

In my opinion, it is necessary to be a bit adventurous – 

and step into BrIM world with brave and decided step 

forward.  

Also, step per step implementation might represent    

a valuable experience and feedback to the software 

provider. 

What advice would you have for the people and 

companies who would like to start using BrIM in their 

projects? 

BrIM is the reality and the companies should not shy 

from implementation. However, the implementation 

must be done by experts – IT educated bridge 

engineers and BIM managers with experience. 

Choosing the right software solution with competent 

technical support is the first step for a successful BIM 

era in the company.  

Testing period by checking the BIM workflow for 

different types of projects/bridges, interoperability 

internally (between different phases of the bridge life 

cycle in a bi-directional way) and externally (by using 

openBIM standards), performance check on complex 

projects, bi-directional changes, etc. should be part of 

each testing and decision process. Commercial 

software is improving all the time.  

And my last question. What are your plans for the 

future? 

Recently I was honored by IABSE nomination to chair 

the newly established task group “BIM in Structure 

Management”, part of IABSE Commission 5 (Existing 

Structures), led by its president Prof. Dr. Rade Hajdin. 

Recognition of efficient use of BIM during design and 

construction, but lack of connectivity in the O&M 

phase led to the establishment of the group, where 

bridge and BIM experts from all over the world started 

a mission: connecting BMS with Open BIM solutions. 

The group was formed to supply knowledge-based 

assistance to bridge owners who want to take 

advantage of new digital bridge management 

technologies. 

IABSE role in the global structural engineering 

community is leadership of development, being at the 

forefront, grasping trends, innovative ideas and new 

technologies.  

Also supporting reasonable changes and strategies, 

leading to more efficient processes. IABSE represents 

the highest level of professional excellence, being in 

the frontline of trends and advanced innovations.  



   
 

3/2021 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

About Vanja Samec 

Dr. Vanja Samec has over 30 years’ experience working 

as a structural research and project bridge engineer, 

software developer and international manager.  

In 1989 she started to work at TDV, Austria, where she 

held a position within the technical software 

development department as a software developer, 

project engineer and consultant.  

She was involved in international bridge projects 

including Kwangan Bridge, Korea; Stonecutter’s Bridge, 

Hong-Kong; Dou-Shan Viaduct, Taiwan; Sheik Zayed 

Bridge, UAE, and many others.  

Vanja Samec worked for Bentley Systems and managed 

the global RM Bridge Team as well as Bentley Systems 

Austria. She was accountable for technical 

consultations and presentations of RM Bridge and BIM 

solutions worldwide.  

Using experience on international bridge projects, 

software development and leadership, she established 

the company BTG IT & Consulting GmbH in Austria in 

2016, which was acquired by Allplan GmbH and 

renamed Allplan Infrastructure GmbH. Under her 

leadership, the BIM Bridge product Allplan Bridge was 

developed.  

She has been actively involved in global bridge 

conferences with papers, and lead numerous BIM 

Bridge days across Asia, Europe and America.  

Currently, Vanja Samec is working as an independent 

bridge & BIM consultant and chairing IABSE TG 5.6 

“BIM in Structure Management” – among many other 

activities. 

 

 

Find more information about the IABSE Task Group 5.6 

(Click on the IABSE logo) 

 

 

Keynote Speech, IABSE Conference Guangzhou, China in 2016 

Vanja Samec, Photo by Primož Predalič 

By the establishment of our Task Group, which 

connects engineering expertise with computer 

technology, we feel quite honoured to set some 

important milestones, aiming to reduce costs and 

save human lives.   

Thank you very much for your time and 

cooperation. 

 

 

 

 

https://iabse.org/Committees/Technical-Groups/Task-Groups/Task-Group-56
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IABSE TASK GROUP 5.6 – BIM IN 

STRUCTURE MANAGEMENT 

 Vanja Samec, Chair of IABSE Task Group 5.6  

 

IABSE is a scientific/technical Association established 

in 1929 in Zurich, with members in 90 countries and 

58 National Groups worldwide dealing with all aspects 

of structural engineering. The Association's mission is 

to exchange knowledge to advance the practice of 

structural engineering in the service of the profession 

and society. 

In November 2020, a new  Task Group in  Commis-

sion 5 – Existing Structures (president Prof. Dr. Rade 

Hajdin) - was established: BIM in Structure 

Management, more information here. 

Our Task Group includes experts from different 

countries, universities, private companies with years 

of experience in bridge industry, projects and 

digitalization processes, Open BIM, Infrastructures 

Risk Management, etc. Our team contributes in 

different international associations: IABSE, IABMAS, 

building SMART International, Infra Room Standards 

Development, etc.  

In the last 20 years, BIM has become a very popular 

acronym within digitalization process of AEC. In the 

bridge industry and among software providers the 

focus has been set to new bridges mainly, although 

the existing bridges worldwide, built before so called 

BIM era, are predominant. Digital transformation in 

operation and maintenance might decrease the costs 

significantly and save human lives. 

Most of the current Bridge Management Systems 

(BMS) do not use geometrical models, which are 

crucial when dealing with bridge performance. The 

complexity of maintenance/inspection requires 

organized, automated, open and transparent digital 

processes, which should consider both - structure 

and asset management data.  

The lack of standardization of inspection information 

disables the implementation of automatization in 

bridge management programs. 

The new effort within TG 5.6 aims to create a guide 

for connecting bridge management systems (BMS) 

with current BIM solutions, allowing BIM to be utilized 

throughout the lifetime of a bridge. BIM is extensively 

utilized in the design and, more recently, construction 

industries, but it is seldom – if ever– employed in 

inspections, assessments, or maintenance projects. 

The BMS (Bridge Management System) aims to 

complete digital storage and exchange of data, cost 

as well as deterioration, optimization and analysis 

models and their interoperability with existing BIM 

solutions. Bridging the gap between BMS and BIM 

systems would result in better maintenance planning 

through the integration of deterioration prediction and 

other optimisations. 

The vision includes 3D+ software and hardware 

independent data exchange between different 

software technologies during the life cycle and 

beyond, considering also monitoring, sensor 

equipment, and damages on the structure along        

a time axis.  

Open BIM technology for interoperability from the 

technical, semantic and organizational point of view is 

of main interest. 

For current BIM viewers, the visualization and storage 

of “as built” or damaged (“as performed”) bridge 

models along the time axis are challenging. Some 

extensions in current open BIM exchange formats 

would be necessary, especially time as an import 

asset for bridges.  

Deep Machine Learning and Artificial Intelligence 

have become important tools for the digitalization of 

defected structures. Different advanced laser technics 

today are storing the bridge structures in a form of 

point clouds. The reverse process of transforming 

these into usable BIM models from a semantic and 

physical point of view would be a huge step forward in 

digitalization of O&M phase. 

We are expecting the possibility of aggregating new 

functionalities and services for infrastructure asset 

management. Digitalization of the entire bridge life 

cycle is our goal to achieve – based on easy use, 

bridge engineering needs and exchangeability.  

 

https://iabse.org/Committees/Technical-Groups/Task-Groups/Task-Group-56
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SUCCESS STORY OF THE IABSE ONLINE SYMPOSIUM WROCŁAW 2020 

„SYNERGY OF CULTURE AND CIVIL ENGINEERING  

– HISTORY AND CHALLENGES” 

 

Jan Bień, Professor1 

Chair of the Scientific Committee 

Paweł Hawryszków, Assistant Professor1 

Executive Chair of the Organising Committee 

Olga Szymczyk, MSc, Eng.2 

Secretary of the Organising Committee 

Jan Biliszczuk, Professor1 

Chair of the Organising Committee 

Marta Knawa-Hawryszków, Assistant Professor1 

Lead of the Young Engineers’ Contribution Award 

1 Wrocław University of Science and Technology,              

Faculty of Civil Engineering, Poland 

2 Sweco GmbH, Munich, Germany 

 

HISTORY OF IABSE SCIENTIFIC EVENTS IN 

POLAND 

IABSE (International Association for Bridge and 

Structural Engineering) is one of the most 

important associations uniting civil engineers from 

all over the world.  

From the very beginning of the IABSE 

establishment in 1929, Polish engineers have 

taken an active part in the work of this organisation 

and it has continued to the present.  

In 1937, Prof. Stefan Bryła was elected the Vice-

President of IABSE. In 1939 he was also entrusted 

with the function of the Chairman of the Organising 

Committee of the next IABSE Congress, which was 

to be held in 1940 in Warsaw.  

At the Congress in Warsaw, plenary lectures (the 

equivalent of today’s “keynote” lectures) were to 

be delivered by: Alfred Caquot, Franz Dischinger 

and Maksymilian Huber. Unfortunately, due to the 

outbreak of World War II, the Congress did not 

take place.  

The first IABSE Congress after the war, which was 

organised in Liège in 1948, was dedicated to the 

memory of Prof. Stefan Bryła, who was killed in 

1943, during World War II. After the war, many 

Polish engineers joined the IABSE activities again.  

It is worth mentioning the long-term commitment 

of, amongst others, Prof. Ryszard Kowalczyk and 

Prof. Wojciech Radomski – the former Chairmen of 

the Polish Group of IABSE. 

CHALLENGE FACED BY IABSE SYMPOSIUM IN 

WROCŁAW 

The Association entrusted the organisation of the 

Spring Symposium in 2020 to Wrocław University 

of Science and Technology (WUST) during the 

IABSE Congress in Stockholm, Sweden.  

IABSE Symposium Wrocław 2020 was planned for 

20th – 22th May 2020, but due to the COVID-19 

pandemic, it was moved to 7th – 9th October 2020.  

Thanks to the determination and high motivation of 

the Organising Committee, see Figures 1 and 2, 

led by Jan Biliszczuk (Chair) and Paweł 

Hawryszków (Executive Chair), as well as the 

efficient cooperation of the 80-person International 

Scientific Committee, chaired by Jan Bień, finally 

the Symposium was organised as an online event.  

Altogether 207 people, 15 Sponsors and 8 Virtual 

Exhibitors participated in the Symposium. 

All the papers presented during the Symposium 

(122 presentations in total) concerned very 

important and interesting issues.  

Papers and presentations were prepared at a high 

scientific and technical level which was also 

highlighted in the evaluation of the Scientific 

Committee and positive opinions of participants 

expressed during discussions. 
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Figures 1 + 2: Chairs of the Symposium (Paweł Hawryszków, Jan Biliszczuk, Jan Bień) 

together with members of the Organising Committee 

 

SYMPOSIUM PROCEEDINGS 

The Symposium Proceedings titled „The First 

IABSE Online Symposium Wrocław 2020. Synergy 

of Culture and Civil Engineering – History and 

Challenges” (ed. by Jan Bień, Jan Biliszczuk, 

Paweł Hawryszków, Maciej Hildebrand, Marta 

Knawa-Hawryszków, Krzysztof Sadowski; 

Wrocław, 7th  - 9th October 2020; IABSE Report, 

Zurich, Switzerland) contain 134 scientific and 

technical papers by authors from 33 countries 

around the world, including 8 keynotes. 

The presented keynote lectures concerned current 

issues in the history of civil engineering, problems 

of maintenance of structures considered to be 

icons of 20th century engineering, as well as 

discussions on structures of the future. It should be 

emphasized that 4 from among 8 keynote papers 

were prepared and presented by Polish authors. 

SYMPOSIUM SESSIONS 

The Symposium sessions went smoothly. Each 

day, during the morning plenary session 

(according to European time), keynote lectures 

were delivered. Then three parallel sessions were 

conducted (in parallel online streams), which was a 

great organising challenge.  

To support the Symposium going online, the 

ZOOM Webinar system was used. Apart from 

Symposium sessions, all social meetings were held 

via the ZOOM Meetings system.  

Technical training on the operation of both systems 

were available for participants and were carried out 

The Proceedings were prepared by: 

- Akio Kasuga, Japan: “CHALLENGE FOR NEXT GENERATION 

OF CONCRETE BRIDGES, NON-METALLIC BRIDGE WITH 

ZERO CEMENT CONCRETE”; 

- Enzo Siviero and Viviana Martini, Italy: “BRIDGES IN THE 

WORLD HERITAGE LIST BETWEEN CULTURE AND 

TECHNICAL DEVELOPMENT”; 

- Rosario Ceravolo, Italy: “CONDITION ASSESSMENT, 

MONITORING AND PRESERVATION OF SOME ICONIC 

CONCRETE STRUCTURES OF THE 20TH CENTURY”; 

- Yves Weinand, Switzerland: “TOWARDS SUSTAINABLE 

TIMBER CONSTRUCTION THROUGH THE APPLICATION OF 

WOOD-WOOD CONNECTIONS”; 

- Wojciech Radomski, Poland: “BRIDGE AESTHETICS – 

FUNCTIONAL AND STRUCTURAL NEEDS VERSUS 

ARCHITECTURAL IMAGINATION”; 

- Wojciech Lorenc, Poland: “COMPOSITE DOWELS: THE WAY 

TO THE NEW FORMS OF STEEL-CONCRETE COMPOSITE 

STRUCTURES”; 

- Jan Biliszczuk, Paweł Hawryszków, Robert Toczkiewicz and 

Krzysztof Żółtowski, Poland: “OUTSTANDING CIVIL 

ENGINEERING STRUCTURES BUILT IN POLAND”; 

- Jan Bień and Marek Salamak, Poland: “MANAGEMENT OF 

BRIDGE STRUCTURES – CHALLENGES AND POSSIBILITIES”. 

on the day before the Symposium (6th October  

2020) as part of the Welcome Day.  

Thus, the attendees had the opportunity to learn 

about or check the functionality of this internet 

communication tool in advance. 
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Figures 3 + 4: Young Engineers Programme “Meeting of Generations” with “Virtual Bridges” Competition 

 

   

Figures 5 – 7: Virtual Technical Visit on the Rędziński Bridge in Wrocław guided by the works manager responsible 

for stay cable system installation (Paweł Hawryszków) and the main designer (Jan Biliszczuk) 

FOLLOWING EVENTS WERE ORGANISED: 

 Young Engineers Programme “Meeting of 

Generations” with “Virtual Bridges” 

Competition, see Figures 3 and 4; 

 Virtual Technical Visit, Figures 5 – 7; 

 Virtual Wrocław Sightseeing; 

 Virtual Gala Dinner, Figures 8 and 9. 

THERE WERE 26 SESSIONS IN TOTAL COVERING 

9 GROUPS OF TOPICS: 

 BIM IN CIVIL ENGINEERING; 

 CIVIL ENGINEERING STRUCTURES AS 

MONUMENTS  OF  CULTURE  AND  

TECHNICAL DEVELOPMENT; 

 ARCHITECTURE AND PLANNING; 

 ADVANCED TECHNOLOGIES IN CIVIL 

ENGINEERING; 

 BRIDGE CONDITION ASSESSMENT, 

MAINTENANCE AND MANAGEMENT; 

 CHALLENGES IN DIAGNOSTICS AND 

REHABILITATION OF STRUCTURES; 

 ANALYSES AND TESTING OF BRIDGES;  

 NEW IDEAS AND MATERIALS; 

 SEISMIC, DYNAMIC AND FATIGUE ISSUES IN 

CIVIL ENGINEERING. 

These additional, unusual attractions met with 

great interest among participants and particularly 

contributed to the positive impression about the 

online Symposium. As a part of such virtual events, 

people had the opportunity to meet online 

individually, to introduce themselves, to conduct 

joint discussions, to express opinions and share 

professional interests in smaller groups.  

It was a chance to make new acquaintances and 

enhance friendships, or even to raise a toast to the 

success of the Symposium (Figure 9).  

The organisers also created an occasion for 

participants from abroad to visit Poland and 

Wrocław during virtual tours. 
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Figures 8 + 9: Virtual Gala Dinner 

 Bruno Pedrosa from Portugal, for two papers 

titled: “MODE I FATIGUE CRACK GROWTH 

TESTS ON PUDDLE IRON STRENGTHENED 

WITH CFRP PLATES” and “PROBABILISTIC 

FIELDS OF FATIGUE CRACK GROWTH 

RATES OF PUDDLE IRON BASED ON 

HUFFMAN LOCAL APPROACH”; 

 Johan de Boon from the Netherlands, for      

a paper titled “POSSIBLE APPLICATION OF 

FRP BRIDGES IN RENOVATION AND 

REPLACEMENT TASK OF RIJKS-

WATERSTAAT”. 

THE MEMBERS OF THE JURY: 

Prof. Lennart Elfgren, Sweden (Chair of the Jury);  

Prof. Jan Bień (Chair of the Scientific Committee);  

Prof. Jan Biliszczuk (Chair of the Organising 

Committee); 

Prof. Tomasz Siwowski (IABSE Fellows);  

Marta Knawa-Hawryszków, Asst. Prof. (Secretary of 

the Jury);  

Paweł Hawryszków, Asst. Prof. (Executive Chair of the 

Organising Committee);  

recognised significant share of young (co)authors’ 

contributions in the total number of papers (33 among 

of 134 papers qualified to be published in the 

Symposium Proceedings were prepared and presented 

by young participants).  

The Jury also appreciated the high quality of these 

papers. 

COMPETITIONS AND AWARDS 

During the Symposium the Young Engineers’ 

Contribution Award Competition was organised. 

Prizes (sponsored by the IABSE Fellows and the 

Organising Committee) were dedicated to two 

young authors (under/at 35 years old), who 

personally presented their papers at the 

Symposium.  

From the excellent group of Young Engineers’ 

contributions, two Young Authors of the best 

presented papers were awarded: 

 

The “Virtual Bridges” Competition was organised 

by the WUST Scientific Group of students “Young 

Bridge Builders”.  

The diploma for the winner, Jug Drobac from 

Croatia, was presented during the Closing 

Ceremony by the Organising Team of the Young 

Engineers Programme: Paweł Hawryszków 

(Supervisor of the Scientific Group), Olga 

Szymczyk (Secretary of the Organising 

Committee) and Marco Teichgraeber (Co-

Supervisor of the Scientific Group). 
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Figures 10 – 14: Management & Organising Team: Jan Bień, Jan Biliszczuk, 

Paweł Hawryszków, Marta Knawa-Hawryszków, Olga Szymczyk 

 

SUMMARY 

The organisers were pleased to notice the active 

participation in the Symposium of the President of 

IABSE, Prof. Yaojun Ge from China, and other 

outstanding specialists from many countries.  

The event was highly rated as “top of the top” by 

Prof. Enzo Siviero, Rector of the Novedrate Como 

e-University in Italy, who followed the course of the 

whole Symposium.  

The Organising Committee would like to thank for 

receiving many nice comments and positive 

opinions about the event.  

The organising success of the Symposium was 

achieved thanks to, among others, creative and 

open-minded approach to the organisation, the 

determination and enthusiasm of the team facing 

the challenge, as well as teamwork of 

representatives of different generations in the 

Organising Committee.  

The effective cooperation with the employees of 

the IABSE Secretariat, characterized by their deep 

commitment, deserves special emphasis and 

thanks as well.  

The overall success of the Symposium is due to 

everyone who participated in this event.  

It seems that the IABSE Wrocław 2020 Symposium 

was a good promotion of the world’s bridge and 

structural engineering, as well as a successful 

attempt to transfer the traditional conference to the 

virtual world, trying to create the atmosphere of     

a real Symposium as much as possible in the 

existent circumstances.  

The organisers (Figures 1, 2, 10 - 14) would like to 

thank the members of the Scientific Committee, 

Institutional Patrons (Committee of Civil Engineering of 

the Polish Academy of Sciences, Polish Chamber of 

Civil Engineers, Polish Society of Bridge Engineers, 

Wrocław Agglomeration Development Agency, the city 

of Wrocław, WUST Scientific Group “Young Bridge 

Builders”), Media Partners (Structural Engineering 

International, Bridge Design & Engineering, e-mosty, 

MOSTY), Sponsors (Allplan, Budimex, BERD, LUSAS, 

Maurer, Outukumpu, Mosty-Wrocław, Polish Cement 

Association, Strabag, Schlaich Bergermann & Partner, 

Freyssinet, PBW Inżynieria, Keller, ViaCon) and Virtual 

Exhibitors (Allplan, Budimex, BERD, LUSAS, Maurer, 

Outokumpu, IABSE, Bridge Design & Engineering), as 

well as all authors, presenters and participants taking 

part in the conference and for supporting the First 

IABSE Online Symposium Wrocław 2020. 
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We design and produce
formwork equipment
for in-place casting of bridges
N25 New Ross Bypass (Ireland)



SANTANDER
MADRID
LIMA
BOGOTÁ
BUENOS AIRES

Calle Marqués de la Ensenada, 11 - 3º. 39009

Calle Bravo Murillo, 101 - 4º. 28020

Calle Coronel Inclán, 235 - Oficina 313. Lima 18

Cra. 14 # 94a - 24. Oficina 307, Edificio ACO 94

Calle Rodríguez Peña, 681 - 4º Dpto. 8. 1020

Tfno. +34 942 31 99 60

Tfno. +34 91 702 54 78

Tfno. +51 1 637 56 47

Tfno. +57 1 467 48 10

Tfno. +54 911 5709 3252

www.arenasing.com

ARCHING THE WORLD

www.arenasing.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 essential local 

knowledge adds unexpected benefits. 

 

 

www.arup.com 

Whether to span nations, make a statement or 

improve everyday links, Arup crafts better bridges 

 

Naeem Hussain Richard Hornby Steve Kite Deepak Jayaram 

naeem.hussain@arup.com richard.hornby@arup.com steve.kite@arup.com deepak.jayaram@arup.com 

Global UK, Middle East & Africa East Asia UK, Middle East, India        

and Africa 

Peter Burnton Marcos Sanchez Matt Carter  

peter.burnton@arup.com marcos.sanchez@arup.com matt.carter@arup.com   

Australasia Europe Americas  

 

  

Queensferry Crossing Scotland 

http://www.arup.com


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


Join Bridges to Prosperity in helping isolated

communities gain safe access to healthcare,

education, jobs, and markets through simple,

sustainable, trailbridges. Together, we can

build more than a bridge; we can build a

pathway out of poverty. 

We envision a world where
poverty caused by rural
isolation no longer exists.

bridgestoprosperity.org

info@bridgestoprosperity.org
/bridgestoprosperity

@bridgestoprosperity

@b2p

+60%
Women Entering 
the  Labor Force

+75%
Farmer

 Profitability

+35.8%
Labor Market 

Income

Corporate Partners make this

vision possible.

*Wyatt Brooks and Kevin Donovan - "Eliminating Uncertainty in Market Access:

The Impact of New Bridges in Rural Nicaragua," 2017.
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