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Dear Readers 

In this special edition of e-�P�R�V�W�\�� �q�$�P�H�U�L�F�D�Q�� �%�U�L�G�J�H�V���� �&�D�Q�D�G�D�r�� �Z�H�� �I�R�F�X�V�� �R�Q�� �W�Z�R�� �E�U�L�G�J�H�V����           
the Samuel de Champlain Bridge and the Pattullo Bridge. 

In the first article written by Matt Carter of Arup, you can read about the Definition Design for the 
Samuel de Champlain Bridge. A Definition Design is a set of mandatory technical and 
architectural requirements in the form of drawings. It was the first time that procurement with     
a Definition Design was brought to North America.  

It is followed by an interview with Poul Ove Jensen of Dissing+Weitling. We talked about their 
involvement in various bridge projects and focused on the Long Beach International Gateway 
(formerly also known as Gerald Desmond Bridge) in Los Angeles and the Samuel de Champlain 
�%�U�L�G�J�H���L�Q���0�R�Q�W�U�Æ�D�O�� 

The third article about the Samuel de Champlain Bridge was written by TYLin together with 
Infrastructure Canada. It describes the design and construction of the bridge and is 
accompanied by drawings, photos and videos. 

 

The second part of this special edition is dedicated to the Pattullo Bridge which is currently 
under construction. Leonhardt�����$�Q�G�U�Á��und Partner prepared a detailed article about the project, 
design and construction of the bridge.  

 

I would like to thank our Editorial Board, especially Richard Cooke for his assistance with this 
edition and review of the Pattullo Bridge Article.  

We also thank our partners for their continuous support.  

 

The next e-mosty magazine will be released on 20th September 2024. It will focus on various 
bridge construction equipment. The next e-BrIM will be released on 20th October 2024. You are 
welcome to contribute with your articles. Please contact me at magda@e-mosty.cz. 

In March 2025, we will publish another special edition of e-�P�R�V�W�\�� �q�$�P�H�U�L�F�D�Q�� �%�U�L�G�J�H�V�r�� �D�Q�G�� �Z�H��
invite you to submit articles about your projects in both Americas.  

   

 

�0�D�J�G�D�O�Æ�Q�D���6�R�E�R�W�N�R�Y�¾ 

Chief Editor 

 



 

 

 

 

  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

INTERNATIONAL ONLINE PEER-REVIEWED MAGAZINE 
ABOUT BRIDGES 

  

The magazine e-mosty ���q�H-�E�U�L�G�J�H�V�r����                           
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 the 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 the 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 
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INTERNATIONAL ONLINE PEER-REVIEWED MAGAZINE ABOUT BRIDGE INFORMATION MODELLING 

  

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

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

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

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

 
The magazines stay available online                                        

on our website as pdf. 
 

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

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

            
Its electronic form enables the publishing of high-quality 

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

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

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

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

projects, books, etc. 
 

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

environments and the bridge industry. 
 

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

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

who just love bridges.  
 

SUBSCRIBE 

 OUR PARTNERS 
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Offer of partnership and promotion              
of your company in our magazines 

 

We would like to offer you a partnership  
with e-mosty and e-BrIM magazines. 

 
Depending on the type of a partnership – Platinum, Gold or Silver -       

the partnership scheme typically involves: 
 

�¾ Your logo on all pages of the magazine website. 

�¾ Interactive presentation of your company which we can help 
you prepare (free of charge). 

�¾ Advertisement A4. 

�¾ Your logo and /or the name of your company on every 
publication and output we release. 

�¾ Continuous promotion of your company and projects               
on our social media. 

�¾ Publication of one technical article during the year              
(which we can help you prepare). 

 
The Partnership can be arranged for either magazine separately,         

or for both magazines – for a discounted price. 
 

Both the price and the extent of cooperation are fully negotiable. 
 

Please contact us for more details and partnership arrangement. 

 

PARTNERSHIP OFFER  -  CONDITIONS 

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


  

 
 
 
 

 
June 24th �² June 28th,  2024 in Copenhagen, Denmark 

https://iabmas2024.dk/  
 

 

Join us in the vibrant city of Copenhagen for 
an unforgettable experience at the forefront 
of bridge maintenance, safety, and manage- 
ment. The anticipation is building, and we 
�F�D�Q�¶�W���Z�D�L�W���W�R���Z�H�O�F�R�P�H���\�R�X���W�R���W�K�L�V���K�X�E���R�I���L�Q- 
novation and collaboration. 

 
Transportation infrastructure support econo- 
mic growth and quality of life for citizens. 
Optimal operation and maintenance of trans- 
portation infrastructure, such as bridges, is 
crucial to support these goals. In addition, 
sustainable bridge management and digita- 
lization of the different processes have gai- 
ned momentum - all reinforcing that IABMAS 
goals are highly relevant for the engineering 
community. 

KEYNOTE: 
Join us for insights from 9 keynote speakers 
covering diverse aspects of bridge mainten- 
ance, safety, and management. 
https://iabmas2024.dk/technical-
programme/keynotes  

 
 

SPECIAL LECTURE: 
�'�R�Q�¶�W miss a special lecture by T. Y. Lin, a pio- 
neer in bridge design, sharing reflections and 
future vision. 
https://iabmas2024.dk/technical- 
programme/t-y-lin-lecture 

 
 

 
REGISTRATION IS OPEN: https://iabmas2024.dk/conference/registration 

 
We look  forward  to  seeing you in  Copenhagen 

12TH INTERNATIONAL CONFERENCE ON 
BRIDGE MAINTENANCE, SAFETY AND MANAGEMENT 

https://iabmas2024.dk/technical-programme/keynotes
https://iabmas2024.dk/technical-programme/keynotes
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DEFINITION DESIGN OF THE                        
SAMUEL DE CHAMPLAIN BRIDGE 

 Matt Carter, Principal 

Arup 
 

 

 

 

Figure 1: Test of the Bridge Illumination     Source: samueldechamplainbridge.ca 

This project is very special for us because it is the 
first time that procurement with a Definition Design 
was brought to North America.  

When an owner wants to deliver architectural 
quality with confidence on a major bridge through 
alternative delivery procurement we reach into the 
tool bag for the Definition Design.  

It was first developed on the Oresund Bridge 
(connecting Denmark and Sweden) and used to 

good effect on the Queensferry Crossing in 
Scotland, United Kingdom.  

It allows for collaborative design development and 
�J�L�Y�H�V�� �R�Z�Q�H�U�p�V�� �F�R�Q�I�L�G�H�Q�F�H�� �W�K�D�W�� �W�K�H�� �Y�L�V�X�D�O�L�]�D�W�L�R�Q�V��
they release to the public are a true reflection of 
what is going to be built.  

A Definition Design is a set of mandatory technical 
and architectural requirements in the form of 
drawings �t a picture tells a thousand words. 
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The bridge was built as part of a $4bn public 
private procurement process and was the third 
PPP involving a bridge over a major river in the city 
of Montreal in quick succession.  

The PPPs were being awarded on a technically 
compliant, lowest net present value bid basis with 
no meaningful architectural requirements. The 
result was that the owner got what they asked for �t 
the lowest cost functional response to the 
requirements �t a usable transport solution but no 
emphasis on visual quality.  

Bridges over water are visually prominent and 
many of the citizens of Montreal had had enough 
and were calling for the new Champlain Bridge, 
visible from downtown areas and the eponymous 
Mont Royal, to be something better. There was 
suspicion of what a �3�3�3�� �o�V�D�X�V�D�J�H�� �P�D�F�K�L�Q�H�p��
approach would deliver. 

At the same time, the existing bridge was rapidly 
deteriorating. In the summer of 2013 our client for 
the business case asked us what could be done to 
accelerate the schedule if we had to �t speaking 
from our experience of accelerating the Tappan 
Zee Bridge replacement we outlined how quickly 
we could get through environmental evaluations 
and procurement if decision making on the client 
side kept pace.  

A month later we were living that scenario and 
developed a schedule that would deliver the bridge 
three years early. In November 2013, federal 
Infrastructure at the time, Minister Denis Lebel 
announced the accelerated schedule. 

The existing bridge was crumbling with a dizzying 
array of increasingly expensive emergency repairs 
being strapped onto the various spans �t time was 
critical, cost was also important �t but designing     
a bridge for 125 years is a significant social 
responsibility and the team was conscious of the 
calls for this to be something that the city would be 
proud of �t it was an opportunity not to be missed. 

The most distinctive element of the bridge are the 
W-shaped piers, see Figure 3. The bridge has 
three separate superstructures which was             
a requirement so that the operation and 
maintenance of the central structure carrying the 
rail corridor could be carried out by the rail 
operator with clear separation from highway 
operations and maintenance.  

Figure 2: Location of the bridge on a map            
Click on the image to see it in Google Maps 

The business case had deliberately adopted          
a functional baseline structure with three vertical 
columns supporting the three superstructures. The 
re�V�X�O�W���Z�D�V���D���Y�L�V�X�D�O�O�\���F�R�Q�I�X�V�L�Q�J���D�Q�G���G�H�Q�V�H���o�I�R�U�H�V�W���R�I��
�F�R�O�X�P�Q�V�p���Z�K�L�F�K���Z�H���D�O�Z�D�\�V���N�Q�H�Z���Z�R�X�O�G���Q�H�H�G���W�R���E�H��
improved in the next stage of design. 

Lateral loads from ice, wind and earthquake 
dominate the design of the foundations and 
changing from three foundations to two 
foundations per bent actually increases the vertical 
�O�R�D�G���W�R���o�S�L�Q�p���W�K�H���I�R�X�Q�G�D�W�L�R�Q�V���W�R���U�R�F�N���� 

The foundations do not get bigger if there are less 
of them and we can reduce the cost and 
environmental impacts of the foundations by          
a third by introducing some kind of portal frame.  

 

Figure 3: Aerial View of the West Approach during construction 

Source: samueldechamplainbridge.ca 

 

 

https://www.google.com/maps/place/Samuel+De+Champlain+bridge/@45.4705027,-73.5063897,13z/data=!4m6!3m5!1s0x4cc905bfb8e2ebf3:0xe76d574da7bbe80b!8m2!3d45.4683321!4d-73.5048447!16s/g/11h44ll027?hl=en&entry=ttu
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The foundation saving more than pays for the 
additional cost of the substructure. A portal frame 
gives the upstream and downstream columns 
separate identities and starts to resolve the visual 
clutter. The result in very oblique views may still be 
a wall, but at least it is an interesting wall. 

It takes the creative genius of a great bridge 
architect like Poul Ove Jensen backed up by the 
Dissing + Weitling team to take the next step from 
a shaped portal frame to the unique and instantly 
recognizable W-piers, see Figure 4.  

The creative process was paired with our 
engineering team who made sure that all of the 
member sizes were achievable and that the 
unusual shape would not prevent the eventual 
contractor from erecting the superstructures in any 
order they found convenient.  

Materiality was left open and we dove into minute 
�G�H�W�D�L�O�V�� �O�L�N�H�� �H�[�D�F�W�O�\�� �K�R�Z�� �P�X�F�K�� �R�I�� �D�� �o�V�W�H�S�p�� �E�H�W�Z�H�H�Q��   
a steel top and a concrete shaft would be allowed.  
100mm was the answer �t you do not notice it but it 
is there if you look for it. Details matter with the 
Definition Design to strike the right balance 
between definition and flexibility. 

This was all done on an accelerated time frame 
with monthly meetings with an Architectural Quality 
Panel consisting �R�I�� �O�p�2�U�G�U�H�� �G�H�V�� �D�U�F�K�L�W�H�F�W�H�V�� �G�X��
�4�X�Æ�E�H�F���� �O�p�2�U�G�U�H�� �G�H�V�� �L�Q�J�Æ�Q�L�H�X�U�V�� �G�X�� �4�X�Æ�E�H�F����
�0�L�V�V�L�R�Q�� �'�H�V�L�J�Q�� �D�Q�G�� �+�H�U�L�W�D�J�H�� �0�R�Q�W�U�Æ�D�O�� �W�R�� �S�U�R�Y�L�G�H��
feedback on the design as it developed and to 
challenge the team.  

The main tower is located adjacent to a dyke that 
separates the river proper from the St Lawrence 
Seaway, an international shipping channel that 
connects the Great Lakes to the Atlantic Ocean. 
We knew a construction berm would be required to 
build the tower.  

When we discovered that 250,000 cyclists per 
year use that dyke and would be passing by 
underneath the bridge we had the idea to leave the 
berm in place and create a rest area and viewing 
platform as well as hard-standing that would 
facilitate future maintenance of the cable stay 
bridge. 

Less than a year after the decision to accelerate, 
the request for proposals was issued and the 
visualizations released to the public.  

 

Figure 4: Rendering of the bridge with the distinctive W-piers 

Source: samueldechamplainbridge.ca 
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Critics of the opaque PPP process grew to 
appreciate the design and the Architectural Quality 
Panel helped the project get the message out that 
�o�Z�K�D�W�� �\�R�X�� �V�H�H�� �L�V�� �Z�K�D�W�� �\�R�X�� �J�H�W�p���� �7�K�H�� �S�X�E�O�L�F�� �G�H�E�D�W�H��
moved on from what the bridge should look like to 
what it should be called. 

Committing to a design concept means having the 
confidence that it can be built with available time 
and funds. The Definition Design is distilled from     
a Reference Design including a construction plan 
and cost estimate based on assumed means and 
methods with a quantified risk assessment based 
contingency.  

The bridge that was built could have been a bit 
simpler and a bit cheaper but most of what you see 
comes from solid engineering and basic aesthetic 
principles �t this is nearly, but not quite, the 
cheapest way to meet the functional requirements 
of the bridge. And as Poul Ove Jensen would say, 
the gap between the cheapest and nearly the 
cheapest is where the magic happens. 

 

The Definition Design aims to secure the 
architectural design concept and provide 
confidence in the budget and schedule, but at the 
same time leave enough room for the contractor 
and their designer to bring their own innovation 
and optimizations to the project, focusing on 
constructability, means and methods and 
efficiency.  

Building a major bridge over the fast flowing waters 
of the Saint Lawrence River is never going to be 
easy �t especially under the time pressures that 
were demanded by the rapidly deteriorating state 
of the old bridge.  

Signature Bridge on the Saint Lawrence River met 
the challenge with innovation and dedication, 
delivering in 2019 the bridge that the citizens of 
Montreal were promised when the concept design 
renderings of what was to come were published in 
2014 �t the articles in this special edition of e-mosty 
reflect that innovation and dedication. 

 

 

 

 

 

Video: Construction of the Bridge. Click on the image to play it 

Source: samueldechamplainbridge.ca 

 

https://www.linkedin.com/in/poul-ove-jensen-62697b58/
https://www.youtube.com/watch?v=zaJdsRQSu6Q&t=84s


www.arup.com

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

The Arup global specialist technical skills blended with 
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INTERVIEW WITH  
POUL OVE JENSEN 

 DIRECTOR OF BRIDGES DISSING+WEITLING, DENMARK  

ABOUT  

LONG BEACH INTERNATIONAL GATEWAY AND SAMUEL DE CHAMPLAIN BRIDGE  

 
 �0�D�J�G�D�O�Æ�Q�D���6�R�E�R�W�N�R�Y�¾ 

 

 

First of all, thank you for your time for this 
interview. 

�,�W�p�V���D���S�O�H�D�V�X�U�H�� 

You have been involved in architectural concepts 
of many different types of bridges so let me start 
the interview with our typical question: Why 
bridges? How did it all start? 

As is common in Scandinavia, as architects we 
have always done not only buildings but also 
furniture design and all sorts of product design. So, 
when we at Dissing+Weitling received an invitation 
to submit a proposal for the architectural work on 
�W�K�H���*�U�H�D�W���%�H�O�W���/�L�Q�N���Z�H���V�D�L�G�����o�:�K�\���Q�R�W���E�U�L�G�J�H�V�"�p 

Dissing+Weitling won the job, and I became the 
leader of the architectural team. We were involved 
in all design phases from the very beginning of the 
project to the link which was opened in 1996. 

While working on the Great Belt Project, I and the 
rest of the team became more and more 
fascinated by bridges, and we started looking for 
new bridge opportunities. 

After a slow start, our international breakthrough 
came in 1997 when we (with Danish Ramboll and 
Flint & Neill from the UK) won the international      
3-stage design competition for the Poole Harbour 
Bridge in England. The bridge was never built but 
we then received invitations from the main players 
in the international bridge industry. 

We have been involved in more than 400 bridge 
projects in some forty countries. 

How and where do you get inspiration for your 
work? 

All good architecture is a synthesis of many 
different requirements: functional, technical, and 
economical. Buildings often have very complicated 
functions and comprise hundreds of different 
components.  

By comparison, the function of a bridge is 
extremely simple - broadly speaking it is about 
carrying a road or a railway over some kind of 
physical obstacle, a river, a gorge other 
infrastructure,  

This simplicity is what I find so fascinating and 
�L�Q�V�S�L�U�L�Q�J���� �,�W�� �L�V�� �D�O�V�R�� �D�� �F�K�D�O�O�H�Q�J�H�� �E�H�F�D�X�V�H�� �\�R�X�� �F�D�Q�p�W��
disguise an ugly structure with suspended ceilings 
and claddings as in a building. 

The physical environment is always an inspiration. 
An example is our winning scheme for the 
Stonecutters Bridge in Hong Kong. The client 
wanted an iconic structure that would be the focal 
point in a city that is an incredible cacophony of 
sounds, colours, smells, and forms.  

�$�I�W�H�U�� �D�� �Z�H�H�N�p�V�� �Z�R�U�N�V�K�R�S�� �L�Q�� �+�R�Q�J�� �.�R�Q�J���� �Ze all 
agreed that the only bridge that would stand out 
had to be simple and serene. 

I have had the privilege to work with some of the 
best bridge engineers in the world and that has 
been the most important inspiration for me. 
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Harbour View of the four options of the Gerald Desmond Bridge           Credit: Dissing+Weitling 

As I said before, you have been involved in many 
exciting projects; for this interview, I would like to 
focus on two specific projects: Long Beach 
International Gateway (formerly also known as 
Gerald Desmond Bridge) in Los Angeles and 
�6�D�P�X�H�O���G�H���&�K�D�P�S�O�D�L�Q���%�U�L�G�J�H���L�Q���0�R�Q�W�U�Æ�D�O���� 

 

Let us start with the Long Beach International 
Gateway. How did you get involved in the project? 

We had worked with Parsons before, and they 
�L�Q�Y�L�W�H�G�� �X�V�� �W�R�� �M�R�L�Q�� �W�K�H�L�U�V�� �D�Q�G�� �+�1�7�%�p�V�� �W�H�D�P�� �L�Q�� �W�K�H��
pursuit of the Gerald Desmond project.  

Which were the main stakeholders that you had 
involved in the development of your work? 

Apart from Parsons and HNTB, there were regular 
consultations with the client, the Port of Long 
Beach, and occasional meetings with Caltrans. 

What requirements and challenges were there? 

Our job was to provide a design for a new bridge 
that could span a navigation channel adequate for 
modern container vessels and connect it to the 
existing road network. 
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Were there any restrictions? 

The construction of the new bridge should be 
possible without disruption of operation of the port. 

Why did you decide in favour of a cable-stayed 
bridge? Did you start with a cable-stayed concept, 
or did you have different options at the beginning? 
How was this concept developed? (please provide 
a few sketches) 

For a span of this length and with the above 
restrictions a cable-stayed bridge was the obvious 
solution.  

What experience did you adopt from any previous 
projects which contributed to the final solution?  

Our general experience from several previous 
cable stay projects. 

What features define this project so that it has its 
own individual identity compared to other cable-
stayed bridges? 

A characteristic feature of the original project were 
pylons with shear-links. 

 

Hotel View of the Gerald Desmond Bridge 

How was the architectural design intent included in 
the procurement of the design-build contract? 
Were there any risks in this approach? 

There is always a risk of undesirable changes 
unless the tender design is made mandatory. In 
this case, the shear-links disappeared but 
otherwise, the original concept was generally 
maintained. 

Thank you.  

You partnered with Arup to develop the concept 
design of the Samuel de Champlain Bridge.  You 
were a consultant. Could you describe what 
exactly your role was and how this cooperation 
worked? 

We were a subconsultant to Arup who had been 
appointed the Owners Engineer.  To be                  
a subconsultant to an engineering firm is quite 
�Q�R�U�P�D�O���I�R�U���X�V���D�Q�G���Q�R�U�P�D�O�O�\���L�W���G�R�H�V�Q�p�W���S�O�D�\���D�Q�\���U�R�O�H�� 

We had an excellent cooperation with Arup and the 
contractual relationship was never mentioned. 
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Rendering of the Samuel de Champlain Bridge    Credit: Dissing+Weitling 

Due to the time pressure, we had a monthly 3 days 
workshop in Montreal and that was where the 
concept was born. It was followed by                      
a presentation to the owner, Transport Canada, 
and the next day to the Architectural Quality 
Committee, which comprised representatives of 
local design-related organisations. 

You also cooperated with another company, 
Provencher Roy. What was their role? 

Provencher Roy was appointed to provide local 
knowledge. The partner in charge, Claude 
Provencher, had no bridge experience, but he was 
a brilliant architect and inspired and challenged us 
during the workshops. 

Function and on-time delivery were the key 
requirements. Were there also any esthetical 
requirements or conditions when you began your 
work? And if yes, to what extent could the 
aesthetical features and requirements be included 
without affecting these core objectives?  

It was stressed by the owner that on-time and on-
budget delivery were musts but also that the 
bridge had to be beautiful.  

In our work aesthetics is an integral part of the 
design, not an extra. 

What was the inspiration for the unique W piers? 

It was a political decision that the bridge should 
have three separate girders. Two for vehicular 
traffic owned and operated by the federal 
government and a third for public transportation 
owned and operated by the provincial government.  

To support the three girders separately would have 
meant a forest of piers that would have a large 
blocking effect and make the bridge look very 
massive.  

Hammerhead piers with a single shaft were briefly 
considered but would have required unreasonably 
large cantilevers so a kind of portal frame with two 
shafts was chosen. 

This is also a cable-stayed bridge. What were the 
main considerations and technical preferences for 
this type? 

The choice of a cable-stayed span had nothing to 
do with preferences. The bridge spans the Saint 
Lawrence Sea Channel and disruption of the traffic 
in the channel was not allowed at any time.  

A cable-stayed span could be constructed with 
minimal impact on the shipping. 
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Sketches by Architect                                            
Poul Ove Jensen 

Unique W piers 

The bridge is designed for 125 years of service life. 
Which conceptual design elements were 
considered for this? 

All bridges these days are designed for 125 years 
life. This requires careful detailing and materials of 
high quality and of course inspection and 
maintenance.  

Were there any challenges and restrictions? 

The time pressure was the main challenge. The 
tender design was completed in about seven 
months. This required a concentrated work effort 
hence the many weeklong design workshops, and 
instant decision-making by the client. 

How was the architectural design intent included in 
the procurement of the public-private partnership 
contract? 

A set of mandatory so-called Definition Drawing 
defining the geometry of all visible components of 
the bridge were part of the tender documents and 
�R�I���W�K�H���F�R�Q�W�U�D�F�W�R�U�p�V���F�R�Q�W�U�D�F�W���� 

Further, any proposed modification of the design 
had to be approved, first by the consultants and 
eventually by the client. 

I know that it is unusual in North America to freeze 
the design like that at the tender stage but in my 
view, this is the only way to ensure that the 
completed bridge is as intended and as the 
taxpayers have been promised. 

Was there a defined budget or cost allowance for 
the architectural aspects of the scheme? 

We had a time basis with agreed hourly rates. If 
�$�U�X�S���R�U���W�K�H���F�O�L�H�Q�W���K�D�G���D���E�X�G�J�H�W�����Z�H���G�R�Q�p�W���N�Q�R�Z�� 
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Night View of the Samuel de Champlain Bridge    Rendering Credit: Dissing+Weitling 

 

Sketches by Architect Poul Ove Jensen 
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Architect MAA, Director Bridge at 
Dissing+Weitling, Poul Ove Jensen is 

internationally recognised as a bridge architect, 
�N�Q�R�Z�Q���I�R�U���G�H�V�L�J�Q�L�Q�J���V�R�P�H���R�I���W�K�H���Z�R�U�O�G�p�V���P�R�V�W��

notable bridges. He has a 55 years long career out 
of which he has dedicated the last 30 years to 

developing bridges and mobility projects. 

Poul Ove strives for bridge architecture with           
a clear expression and functionality.  

His work has resulted in numerous awards and 
accolades, including the International Fellowship 
awarded by the Council and Honours Committee 
of the Royal Institute of British Architects (RIBA) 
and the Eckersberg Medal awarded by the Royal 

Danish Academy of Fine Arts. 

Both bridges are spectacular and also important 
infrastructure elements. What awards and 
recognition have they received? 

The two bridges have received numerous awards; 
however, I have not kept watch of them all. 

Some of the Champlain Bridge awards are: 

�x �1�X�P�E�H�U�� ���� �L�Q�� �5�R�D�G�V�� �D�Q�G�� �%�U�L�G�J�H�V�� �P�D�J�D�]�L�Q�H�p�V��
Top 10 Bridge awards, 2018 

�x �q�3�U�L�[�� �,�Q�I�U�D�V�W�U�X�F�W�X�U�H�V�r�� �D�Z�D�U�G�� �R�I�� �W�K�H�� �$�V�V�R�F�D�W�L�R�Q��
�T�X�Æ�E�Æ�F�R�L�Ve des transports, 2019 

�x Governmental Leadership Award of the 
Canadian Society for Civil Engineering, 2019 

�x Canadian Institute of Steel Construction Award 
�R�I�� �(�[�F�H�O�O�H�Q�F�H���� �q�&�R�X�S�� �G�H�� �F�z�X�U�� �G�X�� �M�X�U�\�r�� ���M�X�U�\�p�V��
pick) category �t Bridges (Quebec Region), 
2019 

�x Excellence in Structural Engineering Award of 
the National Council of Structural Engineers 
Association, 2019 

�x Design Award of the Precast/Prestressed 
Concrete Institute, 2020 

�x American Council of Engineering Companies 
Award, 2020 

�x Excellence Award and Honourable Mention 
(Infrastructure category) of the American 
Concrete Institute (Quebec and Eastern 
Ontario Chapter), 2020 

�x Finalist for the Outstanding Structure Award of 
the International Association of Bridge and 
Structural Engineering, 2020 

Gerald Desmond Bridge won among other these 
awards: 

�x �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �5�R�D�G�� �)�H�G�H�U�D�W�L�R�Q�p�V�� �*�O�R�E�D�O�� �5�R�D�G��
Achievement Award for Quality Management, 
2022 

�x Project of the Year from California 
Transportation Foundation, 2021 

�x Engineering Excellence Award from the 
American Council of Engineering Companies, 
2020 

What are you working on now? 

Currently, I am involved in the design of bridges in 
Sweden, Germany, Australia, and the US. 

What BIM methods of visualization do you use for 
your projects? 

�:�H�� �G�R�Q�p�W�� �Q�R�U�P�D�O�O�\�� �X�V�H�� �%�,�0���� �)�R�U�� �W�R�S-quality 
visualisations we use 3Ds Max and for faster real-
time renderings Twinmotion or Rhino. 

What are your plans for the future? 

�$�W�� �P�\�� �D�J�H���� �\�R�X�� �G�R�Q�p�W�� �P�D�N�H�� �O�R�Q�J-term plans. 
However, I love doing bridges and intend to carry 
on for a while. 

Thank you, Jesper Henriksen and Susanne 
Bendsen for cooperation. 

 

 

 

https://www.dissingweitling.com/
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THE SAMUEL DE CHAMPLAIN BRIDGE, 
CANADA 
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Figure 1: Samuel De Champlain Bridge on its opening day                    Credit: Infrastructure Canada 
 

INTRODUCTION 

�6�S�D�Q�Q�L�Q�J�� �W�K�H�� �6�W���� �/�D�Z�U�H�Q�F�H�� �5�L�Y�H�U�� �E�H�W�Z�H�H�Q�� �«�O�H�� �G�H�V��
Soeurs ���D���V�X�E�X�U�E���R�I���0�R�Q�W�U�Æ�D�O�����D�Q�G���%�U�R�V�V�D�U�G���R�Q���W�K�H��
South Shore in Quebec, Canada, the new Samuel 
De Champlain Bridge replacement was part of        
a larger new Samuel De Champlain Bridge corridor 
project, see Figure 1. 

The overall work scope of the new 3.4 km long 
bridge included the west approach and east 
approach structures, see Figure 2. The project 
features up to four highway lanes in each direction, 
a central transit corridor for mass public transport 
with a provision for future light rail transit and                    
a multi-use path for cyclists and pedestrians, 
Figure 3. 

 

mailto:marwan.nader@tylin.com
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Figure 2: Plan and Elevation of the Bridge 

The cable-stayed bridge (CSB), with a main span 
of 240 m, is a signature element whose 
architectural features were defined in detailed 
definition drawings that were part of the Project 
Agreement.  

The 170 m high concrete single pylon is composed 
of a tuning fork configuration of twin masts. 
Inclined lower tower legs echo the inclined 
approach pier legs.  

 

The pier caps throughout the approaches form �oW�p��
shapes, defining the unique aesthetics of the 
bridge. 

The severe winter climate of the region, durability 
requirements and the navigational requirements of 
the St. Lawrence Seaway Management 
Corporation were taken into consideration in 
design and construction.  

Figure 3:                    
(a) Standard cross-

section                      
(b) Cross-section at 

crossbeams 



   
 

02/2024 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The owner used a public�tprivate partnership 
procurement model and the project was delivered 
using the design�tbuild delivery method.  

An overview of this Can$2.4 billion mega project is 
provided in this paper, and the design and build 
solutions to overcome the suite of technical and 
schedule challenges are discussed. 

CLIMATE CONDITIONS AND HAZARDS 

From freezing winters to warm summers, mean 
�G�D�L�O�\�� �W�H�P�S�H�U�D�W�X�U�H�V�� �L�Q�� �0�R�Q�W�U�Æ�D�O�� �F�D�Q�� �Y�D�U�\�� �I�U�R�P��         
-�����•�&�� �W�R�� �D�E�R�Y�H�� �����•�&�� �D�Q�G�� �F�U�H�D�W�H�� �F�K�D�O�O�H�Q�J�H�V�� �I�R�U��
construction during winter months. Due to the 
great amount of snowfall and icing events, de-icing 
salts are used extensively in the region and this 
was therefore an important design consideration, 
particularly in light of their damaging effects on the 
original bridge. Design elements to mitigate their 
effects included:  

�x the mandatory use of stainless steel 
reinforcement in 100% of all deck slabs and at 
other strategic locations subjected to salt 
spray or salt leakage, 

�x good deck drainage systems, including 
longitudinal carrier pipes and extended vertical 
drainpipes (so as to discharge close to the 
water level)  

�x time-to-corrosion modelling for concrete 
components using state-of-the-art modelling 
techniques. 

Ice, wind and seismicity also presented challenges. 
Ice accretion on the bridge, freezing water and ice 
formation in the river and the seaway, ice loading, 
ice abrasion and possible collision of ice-breaking 
vessels presented unique loading issues for this 
bridge. In winter, the ice thickness can reach      
0.9 m. 

Specialised studies on wind, seismicity, vessel 
collision, transit and ice loading were performed as 
technical inputs to the design criteria. For the ice 
abrasion zone, the team used a special high-
strength concrete mix. 

DESIGN LIFE AND HOLISTIC DURABILITY PLAN 

One of the Government of Canada�ps principal 
objectives for the project was to ensure the 
delivery of a new bridge of a very high quality and 
endowed with an extended design life of             
125 years. To this end, the project specifications 
and performance objectives required by the owner 

included a design life of 125 years for all non-
replaceable elements and the fatigue resistance of 
components to be considered over the extended 
design life and reserve capacity for structural 
design to allow for the replacement of a cable stay 
while maintaining traffic and also to account for the 
potential loss of multiple stays in an extreme event. 

Durability objectives limited the structure to only 
eight expansion joints; incorporated an efficient 
system for maintenance access and inspection; 
and incorporated a comprehensive Structural 
Health Monitoring System as well as requirements 
to mitigate stray currents and induced currents. 
The latter was deemed particularly significant in 
light of the implementation of an electrified mass 
transit system in the central corridor. 

Corrosion protection 

The steel elements for the bridge were placed into 
one of three categories: direct de-icing (C5), 
airborne/atmospheric (C3) and interior (C2). For 
corrosion protection, each exterior steel element 
was painted with a three-coat paint system 
consisting of an inorganic zinc base coat, an epoxy 
resin intermediate coat and a polyurethane resin 
top coat (for UV protection). 

The interior paint system was the same as the 
exterior system, but the polyurethane resin top 
coat was not required as UV exposure was not      
a concern. 

The paint systems will require touch-ups and 
recoats to meet the required 125-year service life. 
To determine the time at which those actions 
would be required, a literature review on the 
service life of paint systems was performed.          
A Weibull distribution was applied to the data to 
estimate the required time to touch-up and recoat 
for each exposure condition. 

MAIN SPAN TOWER (MST) 

The MST is the primary support of the CSB and the 
most striking architectural feature. The MST 
consists of two shafts built of precast and cast-in-
place (CIP) concrete segments on a CIP footing 
with piles. The choice of precast segments was 
based on the season in which the concrete was to 
be cast and erected. The tower shafts are hollow 
to provide passageways for elevators, ladders and 
utilities, and are connected by a lower cross-beam 
(LCB) and an upper cross-beam resembling a bow 
tie.  
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Figure 4: Features of the MST (dimensions in mm) 

The LCB is framed into the superstructure and the 
�obow tie�p��is above the clearance envelope of the 
transit corridor, Figure 4. 

The lower portions of the shafts up to the bow tie 
are sloped at 1:7 from the vertical, while the upper 
portions are vertical and free-standing. This upper 
vertical portion, standing on the rigid A-frame of 
the lower shafts and cross-beams, supports the 
stay-cable anchorages. The architectural 
requirements of the shape of the shaft and the 
eccentric placement of the stays in the shaft 
section result in an eccentric downward 
component of the stay force onto the shaft. This 
produces a permanent moment in the shaft about 
the bridge longitudinal axis, requiring an initial 
transverse camber, bowing the shafts inward, to 
offset the permanent outward dead load 
deflections. 

In addition to forming the backbone of the lower   
A-frame of the MST, the LCB supports about 60 m 
of the back span and main span superstructures 
and resists any twisting due to differential loads in 
the back and main spans. Structurally, it is one of 
the most rigid components of the entire CSB. 

Functionally, the LCB serves as a major cross-
passage between the three longitudinal girders, as 
a centre for the coordination and distribution of 
utility lines in the superstructure and MST, as the 
chief elevator service landing and as a base station 
for the under-bridge maintenance gantry. 

The foundation of the CSB MST consists of          
21 concrete drilled shafts (1.2 m in diameter) 
supporting a CIP pile cap. The foundation�ps 
structural design is based on strength and stability 
(resistance to sliding, overturning and uplift) under 
the governing load combinations. In addition, the 
piles were designed to resist liquefaction of the 
surrounding soil. 

LCB OF THE MST 

The LCB is the junction of the tower with the 
superstructure. The monolithic connection of the 
superstructure provides support in the areas where 
stays are absent and controls the deflections of the 
spans.  

The LCB is composed of two composite U-girders 
with a top and bottom concrete slab connecting 
each girder. The LCB is 48 m long and 8.8 m wide. 
The height of the LCB is 3.495 m at the typical 
pylon section. 

The composite section of the LCB was designed to 
provide the stiffness and strength of a large 
concrete section with the steel framing needed for 
compatibility with the superstructure box girders.  

The concrete is prestressed transversely, 
longitudinally and vertically to address interaction 
with the MST and the girders. The demands used 
for service limit state and ultimate limit state design 
were from a bridge analysis software global model. 

A staged construction model for the LCB was 
created using other bridge analysis software to 
evaluate the stresses in the concrete and steel 
elements during construction. Included in this 
analysis were the effects of placing the bow tie on 
the LCB during its erection.  
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The large concrete pours necessitated the 
placement of the centre box of the LCB prior to the 
beginning of winter in order to facilitate concrete 
placement, Figure 5. The north and south boxes of 
the LCB were installed early and used to support 
the first back span girders prior to prestressing to 
accelerate the back-span schedule. 

TOWER BOW TIE 

The bow tie is the structure that joins the two tall 
shafts of the MST and controls the effects of 
asymmetrical span loadings.  

The shape of the bow tie was defined by the 
owner, and the design and construction were 
based on this geometry, Figure 6. The complex 
shape of the bow tie made forming difficult; forming 
was therefore performed on the ground. 

Casting on the ground also made the use of 
heating for casting during the winter feasible. 
Erection consisted of placing the bow tie on            
a holding frame over the LCB, erecting the tower 
segments to the level of the bow tie top and then 
raising the bow tie into position for connection. 

CSB SUPERSTRUCTURE SYSTEMS 

Superstructure and cross-beams 

The superstructure consists of three longitudinal 
girders, supporting the northbound and 
southbound roadways, as well as a centre transit 
corridor.  

The girders are composite members with precast 
concrete deck panels, designed to support all the 
design demands, including axial compression for 
the stays and earthquake, wind and extreme 
events.  

Unbalanced spans and stays �t important to the 
overall architecture of the bridge �t required the use 
of concrete counterweights in the shorter back 
span to achieve overall balance at the MST. 

The concrete counterweights consist of                  
a structural lift, which is reinforced and composite 
with the girders, and a ballast lift, which is non-
composite. Counterweights are also used in the 
main span to balance transversely the southbound 
roadway with the wider northbound roadway. 

The choice of composite steel box girders as the 
primary superstructure system was based on the 
schedule.  

 

 

Figure 5: LCB centre box placement Figure 6: Bow tie geometry and details of post-tensioned 
(PT) bars and tendons 
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Figure 7: Analysis model of main span assembly segment 

It allowed maximum use of steel prefabrication and 
modular construction for the concrete precast 
panels. 

A cross-beam at each pair of stay cables supports 
the three girders into a two-dimensional grid of 
steel box girders. The cross-beams transfer the 
weight of the girders to the stay cables, distributing 
the stay forces to mitigate twisting of the upper 
tower shaft.  

The cross-beams and the three girder segments 
form the basic assembly unit for the erection of the 
main span, Figure 7. 

Stay cable anchorages and link beams 

The stay cable anchorages and link beams support 
the CSB suspension system. The link beams are 
composite with the MST upper shafts and support 
the independent anchorages of the back span and 
main span stays, Figures 8 and 9. 

The link beams, or saddles, are not a friction type. 
They are in the concrete pylon walls and made 
composite by means of shear studs. The cable 
anchorages are placed and connected to the end 
of the saddles outside of the tower.  

The unbalanced load from the asymmetrical back 
and main span cables are taken into the tower and 
the anchors are designed for the extreme 
differential forces. 

Figure 8: Layout of suspension system 

 

 

Figure 9: MST stay connection (link beams):        
(a) elevation; (b) plan WP, work point 
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Figure 10: Stay anchorages in cross-beams. PP, panel point 

The lower stay anchorages conform to the 
geometry of the structural system centre of gravity 
in each span, Figure 10. The anchorages were 
checked for fatigue, service, ultimate and extreme 
limit states. Non-linear finite-element analysis was 
used to evaluate the displacements and von Mises 
stresses for the service, ultimate and extreme limit 
states for the 127 strand anchors to augment the 
code checks. Both geometric and material non-
linearities were included in the finite-element 
model. 

STAY CABLES 

While the size of the stay cables varies, the stay 
cables generally consist of 127 strand anchors 
(type DYWIDAG DYNA Grip) for seven-wire 
strands conforming to ASTM A416 (ASTM, 2018) 
grade 1860, low-relaxation strand with                   
a guaranteed minimum breaking strength of 279 
kN per individual strand.  

The single wires were hot-dipped galvanised and 
the strands were waxed and sheathed in high-
density polyethylene (HDPE). The strands of each 
stay are placed in HDPE stay pipes. All the 
delivered material for the stays, as well as the 
complete stay system, was in line with the Post-
Tensioning Institute�ps recommendations for stay 
cable design, testing and installation (PTI, 2012a) 
and fulfil a service life of a minimum of 65 years, as 
required in the project specification for 
exchangeable stay cable components. 

The stays were installed with the dead ends in the 
tower head and the jacking end in the cross-
beams. As part of the comprehensive Structural 
Health Monitoring System, each stay is equipped 
with elasto-magnetic sensors placed directly onto 
single strands close to the anchorage in the cross-
beams, allowing continuous surveying of stay 
forces. In addition, every stay cable includes          
a twin-tube hydraulic telescopic damper for 
vibration control and is protected against fire and 
other threats. 

Due to the heavy weight of the segments erected 
with their deck panels, for certain segments, the 
stays were installed with some slack while the 
weight of the gantry was applied. Once the gantry 
advanced to a later segment, the stays were 
tensioned to near their permanent tension values. 
When the entire main span was closed, the stays 
were given their final tensioning. 

PIER BENTS FOR THE CSB 

The pier bents consist of concrete shafts and steel 
caps, for lightness, Figure 11. Their shape, which 
was the greatest challenge in their construction, 
was specifically defined in the Project Agreement. 
The segmental pier leg substructures consist of 
hollow concrete box sections stacked one atop 
another and joined together using post-tensioning. 
The pier legs vary in height to provide the required 
superstructure profile. 

 

Figure 11: Pier bent components 
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A key time-saving feature implemented in the 
design was that, except for the CIP starter 
segment, the pier leg segments were precast. This 
allowed work to continue through cold winter 
periods, when pouring concrete would otherwise 
be extremely difficult. Precasting also allowed 
casting and erection to be carried out in parallel 
rather than in series, as performed in conventional 
construction. 

To address durability, the tower precast segmental 
joints were match-cast in precast yards. The 
segments were joined together with prestressing, 
and epoxy was applied at the segment interface. 

An air-tightness test using soapy water, in line with 
Post-Tensioning Institute�ps recommendations (PTI, 
2012b), was conducted for 2 days after application 
of the epoxy. During the air-tightness test, the 
pressure was kept at 100 psi (�§690 kPa) for 5 min 
without any resulting pressure loss. Furthermore, 
physically cored samples were taken from the 
interface of a mock-up and then pull tested. The 
samples met the test requirements by failing 
outside of the epoxy joint, validating in intactness 
of the epoxied joint. 

PIER CAPS 

The upper 11.4 m of the piers have pier caps 
consisting of steel box sections with an interior 
matrix of diaphragms and stiffeners. The pier caps 
form two triangles that rest on the more prismatic 
pier legs and join in the centre. The top members 
of the triangles are slender tension members. 

The transitional elements between the concrete 
and steel portions of the piers consist of a steel 
shell filled with reinforced, prestressed concrete. 
This connection provided a means to be able to 
perform post-tensioning of the pier shaft strands 
and to use them as anchors for the steel base 
segment. This single segment was placed and left 
open for jacking access. Once jacking was 
performed, the upper steel boxes were placed on 
top by bolting, and they were joined together at the 
centre. 

FOOTINGS AND PILE CAPS 

Among pier legs W01, W02, E01 and E02, Figure 
12, E02 is the only pier with a shallow spread 
footing due to its location on land. W01, W02 and 
E01 foundations consist of cast-in drilled-hole piles 
with CIP pile caps. 

CSB ERECTION TECHNIQUES 

The major challenge in the erection of the CSB 
was crossing the St. Lawrence Seaway �t the major 
waterway of eastern Canada and the Great Lakes 
region. No temporary structures were permitted in 
the channel and over-channel clearances needed 
to be maintained with limited impact on shipping. 

The seaway can freeze from December to March, 
with restrictions to working over the channel. The 
severity of winter makes placing concrete difficult 
and overall productivity is reduced. Therefore, the 
main span erection proceeded through the springs 
and summers of 2017 and 2018, after obtaining 

 
Figure 12: Erection of superstructure segments 



   
 

02/2024 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

permission for passage of bridge segments 
through the upper portion of the shipping 
clearance from the St. Lawrence Seaway 
Management Corporation. Each segment was 
lifted to a gantry, which transported it under the 
main span soffit to the erection front over the 
seaway. There, another gantry lifted the segment 
into position for connection to the previously 
erected girders.  

The transit over the seaway occurred over a period 
of several hours. Once lifted into place, the 
segment no longer obstructed clearance. During 
the segment erection cycle, restrictions to shipping 
were limited to several metres of vertical clearance 
over a few hours per month. 

The traditional method for constructing a CSB is 
cantilever construction: first erect the box-girders, 
then erect the stay cables and finally place the 
concrete deck slabs. To accelerate construction, 
this procedure was modified and the segments 
were erected with most of the concrete deck 
panels already in place.  

Although this increased the construction cantilever 
moments at the tip of the girders, the time spent 
per segment was reduced. When the segment was 
lifted and erected, the concrete slabs were not yet 
connected; this saved lift weight and reduced 
cracking in the deck slab due to transverse 
bending.  

As each segment erection was completed and 
before the tensioning of the stays on that segment, 
the deck panels were joined by concrete stitch 
pours. 

In late 2017, to accelerate the schedule, the 
design�tbuild team made a strategic decision to 

relocate the bridge deck closure joint of the CSB to 
allow concurrent erection from the east and west 
banks of the navigational channel. In the original 
erection scheme, the closure joint was placed past 
the 15th and last stay cable anchorage and before 
Pier E01.  

Racing against time, the design team and the 
contractor of the new Samuel De Champlain 
Bridge went against conventional methods and 
came up with a creative idea: to move the closure 
joint location back four main span segments, to 
between stay cable anchorages, thus allowing 
erection of the main span from both sides.  

This erection scheme, however, resulted in a 50 m 
cantilever from the first east pier that could not be 
supported using below-deck temporary shoring. 
This was due to the �ono construction zone�p��
requirement in the seaway�ps navigational channel.  

After numerous engineering analyses and 
constructability evaluations, engineers arrived at 
an innovative and bold solution: to support the 
cantilever with a �oking post�p��tower with temporary 
stays anchored at the second east pier (E02) and 
at the 12th and 13th main span segments. 
Effectively, the east cantilever was supported by     
a temporary CSB, Figure 13. 

The inception and execution of the alternate 
erection scheme using the king post temporary 
tower exemplified the teamwork between the 
designer, the erector, the steel fabricator and the 
contractor.  

Through effective communication and 
coordination, the project team was successful in 
finalising and implementing this erection scheme in 
a very aggressive schedule. 

 
 

Figure 13: Innovative erection scheme with closure between main span segments 11 and 12 
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The model was excited by five ground motions 
applied as displacements considering multiple 
support excitations.  

The cable stayed tower foundation and the pile-
supported foundations at piers E01, W01 and W02 
were modelled with discretised soil modelling with 
depth-varying ground motions applied through 
non-linear soil springs.  

For the tower foundation and the foundation at Pier 
E01, subsets of ground motions were used to 
capture the response for non-liquefied, liquefied 
and lateral spreading scenario details. Piles were 
modelled using elastic beam elements.  

In general, it was found that, for a peak ground 
acceleration reaching approximately 0.38g for an 
earthquake with a return period of 2500 years, 
seismic demands did not control the design of the 
structure.  

Figure 14 shows a zoom-in of the ADINA model. 

 
Figure 14: ADINA model for time-history analysis 

STRUCTURAL ANALYSIS 

Global analysis 

Analysis of the CSB was performed using RM 
Bridge Advanced V8i. The analysis considered the 
sequence of erection of the bridge to achieve the 
dead load state of the structure as well as concrete 
creep and shrinkage. It was geometrically non-
linear, including P-Delta effects and large 
displacements. The loads applied to the model 
included dead load, service loads (live load, wind, 
temperature, etc.) and seismic effects (response 
spectrum analysis). 

Seismic analysis 

Seismic analysis of the project was achieved by 
non-linear time-history analyses using ADINA. The 
global model included the entire structure, from 
abutment to abutment. The performance criteria 
were that of essentially elastic behaviour. 

Therefore, the superstructure, substructure and 
foundation elements were modelled with elastic 
elements where this was sufficient to capture the 
response. 
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EAST AND WEST APPROACHES 

The bridge includes 2.9 km of approach structures 
over the river proper. From the west, a 2,044 m 
long section connects to Nun�p�V�� �,�V�O�D�Q�G�� ���«�O�H�� �G�H�V��
Soeurs) and climbs at a constant grade to the 
seaway to provide the 38.5 m clearance required 
for ships using the passage. This section of the 
bridge consists of 26 spans of typically 80.4 m, 
divided into four expansion units. 

After the cable-stayed section, the bridge 
descends at a steeper gradient to the east 
abutment in Brossard over about 780 m. This 
section is split into two units and has typical 84 m 
spans and a 109 m span over an existing six-lane 
arterial road (Route 132). 

Similar to the CSB, the superstructure of the 
approaches is separated into three distinct 
superstructures, supported on a common 
substructure. Independent box-girders carry 
northbound and southbound traffic, with a third 
central box-girder dedicated to public transport, 
capable of being configured to carry either buses 
or light rail.  

The arrangement of each corridor, installed on top 
of the pier legs, is shown in Figure 15. 

The design of the superstructure was completed 
using a combination of the Canadian highway 
bridge design code (CSA, 2012) and European 
code provisions (BSI, 2006), as specified in the 
Project Agreement.  

To optimise the detailing for production efficiency, 
the contractor and fabricator were involved in 
weekly coordination discussions from the 
beginning of the process. 

Optimisation of span lengths 

As a major decision for the approach spans, the 
design of the deck type took into consideration 
environmental impacts and the construction 
schedule. Both steel orthotropic decks and 
concrete decks were considered.  

A steel orthotropic deck would have allowed longer 
span lengths (�§100 m), but would have been 
costly. Concrete decks were more economical but 
would limit the span lengths to �§60 m. Using 
composite decks provided an optimised solution, 
minimising the in-water work and accelerating the 
construction schedule by maximising the use of 
prefabrication and modular construction. 

Geometry of the superstructure 

The geometry of the box girders was determined 
based on road and rail transportation limitations, as 
well as shop handling capabilities. Out-to-out 
dimensions were limited to 4,400 mm for road 
transportation, while the depth of each girder, 
which includes the shear studs installed in the 
fabrication plant, was limited to 3,500 mm. Using 
these parameters, the maximum span length was 
derived and then adjusted to both optimise the 
efficiency of the layout and minimise the number of 
bolted field splices. 

  

Figure 15: Girder erection on west approach 

Credit: Infrastructure Canada 

Figure 16: Bridge close up 

Credit: Infrastructure Canada 



   
 

02/2024 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The depth of the box girders at each corridor is 
constant throughout the length of the approaches. 
The span-to-depth ratio of the approach spans, 
which only varies with span length, ranges from   
15 at the west abutment to 30 over Route 132. The 
decision to keep the girder depth constant is 
discussed later in this section. 

Roadway box girders 

The roadway box girders were designed to 
conform to the geometric requirements spelled out 
by the owner in the Project Agreement. They 
include diagonal struts at approximately 4.5 m 
centres along the length of the bridge.  

The multicell box was erected as two individual 
tubs, stitched together by central struts and              
a closure plate to complete the central cell. 

BS EN 1993-1-5:2006 (Eurocode 3) (BSI, 2006), 
was used for the design of the longitudinally 
stiffened box girders, while the remainder of the 
steel and concrete elements were designed 
according to the Canadian highway bridge design 
code (CSA, 2012).  

As with any adaptation of codes, mixing of the 
Canadian and European provisions was handled 
carefully to ensure consistent application of load 
and resistance factors, to arrive at an efficient and 
reliable design. 

14.4 Transit corridor box girders 

On the transit corridor box-girder, the results of the 
transportation constraints are more evident, with 
the web spacing limited by the maximum out-to-out 
dimension for road transport of 4.4 m.  

Because of this, floor beams are used to support 
the cantilevers, which are longer than would be 
chosen without such a requirement. The deck of 
the transit corridor is designed for both bus and 
light rail transit configurations. 

During the development of the design, conceptual 
rail�tstructure interaction analysis was completed to 
ensure the viability of conversion to a light rail 
transit function in the future with minimal structural 
modifications. 

 

Figure 17: Approach structure from below the deck 

Credit: Thomas Heinser 

 

 

Figure 18: Main span tower and stay cables 

Credit: Thomas Heinser 
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Precast concrete deck panels 

Full depth precast concrete panels are used for the 
deck. The deck slabs are stitched together over 
floor beams at roughly 4.5 m and each end of the 
precast barriers is sealed. The panels have loop 
bars protruding into the longitudinal and transverse 
stitches to create continuity.  

At completion, the deck was sealed with                
a waterproofing membrane, and it was placed 
under a 90 mm thick asphalt wearing course. As 
required by the owner, all the deck slab 
reinforcement is stainless steel. 

Route 132 span 

The depth of the superstructure was required by 
the Project Agreement to remain constant for the 
entire length of the bridge, with the exception of 
the 109 m span over Route 132. 

Here, the owner allowed for a haunch to be added, 
but the tops of the pier caps were required to 
follow the line from the adjacent spans.  

This, in combination with the actual pier cap 
geometry, created a big incentive to eliminate the 
haunch and continue with the constant depth 
section. To achieve this, special attention to the 
dynamics of the spans was required, with the 
resulting span-to-depth ratio of over 30. 

CONCLUSION 

The design of the CSB of the new Samuel De 
Champlain Bridge was developed in consideration 
of the accelerated construction schedule. The 
design�tbuild team made innovative use of precast 
concrete, modular segments and erection 
sequencing to meet the project timeline, while 
overcoming the site-specific hazards and severe 
�Z�L�Q�W�H�U�V���X�Q�L�T�X�H���W�R���0�R�Q�W�U�Æ�D�O���� 

The new bridge was fully opened to both 
northbound and southbound traffic on 1st July 
2019. In 2022, the centre transit corridor was 
opened to rail traffic. 

With unique environmental constraints, durability 
requirements, and architectural considerations, 
special requirements were addressed by the 
design�tbuild team for the key elements of the 
Samuel De Champlain Bridge. Through the public�t
private partnership and the design�tbuild process, 
the design was tailored to achieve the most 

accelerated construction schedule while satisfying 
other equally important constraints, thus providing 
great benefits to all stakeholders.  

As infrastructure around the world needs 
replacement, this thoughtful approach to bridge 
design serves as an example of how to provide a 
safe, durable bridge in a timely manner. 
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Video 1: Overview of the Project    �… 

Click on the image to play the video 

 

Video 2: Illumination of the Bridge    Click on the image to play it �R�Q���7�<�/�L�Q�‘�V���Z�H�E�S�D�J�H              

Credit: HLB Lighting Design 

Click on the image to play the video 

 

https://www.youtube.com/watch?v=cz_G3nsoQy4
https://www.tylin.com/work/projects/samuel-de-champlain-bridge


North American Landmark
Samuel De Champlain Bridge, Montréal, Canada

TYLin.com
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PATTULLO BRIDGE REPLACEMENT, 
CANADA 

 
Dipl. Ing. Peter Walser, Dipl. Ing. Philippa Maier, ICCP Victor Alvado 

�/�H�R�Q�K�D�U�G�W�����$�Q�G�U�Á���X�Q�G���3�D�U�W�Q�H�U 

 

 

 

Figure 1: Rendering of the aerial view of the new Pattullo Bridge 
Courtesy of Transportation Investment Corporation, Canada 

 

 

INTRODUCTION 

The Pattullo Bridge is a key connection between 
the communities of Surrey and New Westminster. 
The new toll-free four-lane bridge will provide 
important improvements for everyone using the 
bridge, including people who are driving, cycling or 
walking, as well as communities on either side of 
the bridge: 

�x A safer crossing for all bridge users with 
modern, wider lanes, separated by a centre 
median barrier; 

�x Dedicated walking and cycling lanes, 
separated from traffic by a barrier on both 
sides of the bridge; and 

�x Better connections to, from and near the 
bridge. 
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The new bridge will improve safety and reliability 
for drivers, cyclists and walkers, as well as goods 
movement. It will be designed to meet modern 
seismic, structural, and roadway design standards. 

The new bridge will be located just upstream and 
northeast of the existing bridge and will optimize 
the use of the existing road network and travel 
patterns.  

The existing bridge will remain in use until the new 
bridge is open to traffic. Once the new bridge is 
open, the existing bridge will be removed.  The 
new bridge will be built to allow for potential future 
expansion to six lanes. 

DESIGN 

Opened to traffic in 1937, the existing Pattullo 
Bridge is showing signs of ageing and, with its 
narrow lanes without a median barrier between 
traffic directions, the bridge is no longer able to 
cope with today's traffic volume and the increased 
demands on traffic or seismic safety, see Figure 3. 

In 2019, the design and construction of                  
a replacement structure was put out to tender 
among three participants in a restricted 
competition. For this purpose, a functional tender 
with all the technical and contractual boundary 
conditions to be met was prepared by the Client: 

 

Figure 2: Location of the bridge. 
Click on the map to open Google Maps 

 

 

Figure 3: Initial situation; existing river crossings          Courtesy of Transportation Investment Corporation, Canada 

 

 

�x Minimum design life to be achieved before 
replacement was specified for different bridge 
elements; 

�x Design according to Canadian Highway Bridge 
Design Code CAN/CSA S6-14, including all 
appropriate clauses stipulated by British 
Columbia supplement and owner defined 
performance objectives including designation 
as a lifeline bridge for post-seismic 
performance; 

https://www.google.com/maps/place/Pattullo+Brg,+Surrey,+BC,+Canada/@49.2066349,-122.8914409,11z/data=!4m6!3m5!1s0x5485d8104cf66b6d:0x36498b64753cb869!8m2!3d49.2066349!4d-122.8914409!16zL20vMDdzMjZn?hl=en&entry=ttu
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�x Navigation clearances and impact loads for 
future ships up to 60,000 DWT (3rd Gen. 
Panamax) after the existing Pattullo Bridge is 
demolished; 

�x Design for earthquakes with peak ground 
acceleration of  6.50 m/s2 for a return period of 
2475 years; 

�x Wider lanes (3.60 m) with the central median 
barrier, replaceable lateral barriers and hard 
shoulders. Initially, four traffic lanes are to be 
provided; although a possible widening to six 
traffic lanes is to be foreseen and fully planned 
for; 

�x A dedicated multi-use path with a minimum 
width of 3.50 m for pedestrian and cycle paths 
separated from traffic on both sides of the 
bridge by a safety barrier, with a 3 m high 
safety and security fence on the outer edges of 
the bridge width; 

�x Optimised connections to the bridge from 
tributary roads. 

The new bridge is scheduled to open to traffic in 
fall 2025, while the existing structure will remain 
operational until the new bridge is opened. As soon 
as the new bridge is fully operational, the existing 
bridge will be subsequently demolished. 

 

Figure 4: Situation after replacement and construction of the Pattullo Bridge replacement    
Courtesy of Transportation Investment Corporation, Canada 

 

On February 7th 2020, the Government of British 
Columbia commissioned the joint venture Fraser 
Crossing Construction General Partnership 
(FCCGP) with the design and construction of the 
replacement bridge and the dismantling of the 
existing structure.  

The contract at a fixed price of CAD1.377 billion 
���D�S�S�U�R�[�������������0�b�����D�O�V�R���L�Q�F�O�X�G�H�V���W�K�H���F�R�Q�V�W�U�X�F�W�L�R�Q���R�I��
new road connections at the bridge ends in New 
Westminster and Surrey. 

Based on the functional requirements, 
constructability and overall costs, a wide variety of 
long-span bridge designs were developed and 
compared using an evaluation matrix.  

Particular attention had to be paid to the 
restrictions imposed by existing structures, 
especially the 105-year-old railway bridge located 
directly next to it, Figure 4. Geotechnical 
conditions were also a challenge, since on the 
southern bank of the river there are sediment 
layers that tend to liquefy in the event of an 
earthquake. 

The final decision was made in favour of an 
asymmetric cable-stayed bridge, Figure 5, with       
a main span of 332 m, Figure 6. 
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Figure 5: Render of the Pattullo Bridge replacement in context    Courtesy of Transportation Investment Corporation, Canada 

 

 

Figure 6: Plan view and elevation of the Pattullo Bridge replacement 
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The Bridge's total length (including the Approach 
Viaduct) of 1,233 m from abutment N3 to 
abutment SA is divided into two structures 
separated by an expansion joint at axis S3. The 
main crossing is a 770 m long bridge, which can 
be divided into the following segments: 

�x A 578 m long cable stayed main bridge (Piers 
N1 to S3) with a maximum span of 332 m (N1 
to S1), followed by a 239 m long North 
Approach structure (Piers N3 to N1 incl. 
overhang of 47 m), which is monolithically 
connected to the main span, along with an exit 
ramp to East Columbia Street; 

�x A 463 m long, six-span South Approach 
structure (Piers S3 to SA) along with a 295 m 
long, six span exit ramp structure to Hwy 17 
(Piers SR1 to SRA). 

A single 167 m high, H-shaped pylon, Figure 7, 
with reinforced concrete shafts and post-tensioned 
crossbeams, supports the cable-stayed main span. 

The back spans lengths are 162 m and 84 m 
respectively. The transition pier to the South 
Approach is located in pier S3.   Figure 7: Longitudinal and side elevations of the tower 

 

 

Figure 8: Deck cross-sections of Main Bridge on 4-lane and 6-lane situations 
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The alignment of the superstructure is composed 
of a crest vertical curve on the main span with        
a grade of 5.5% on both sides, a curvature radius 
in the plan of 1,600 m and a sag vertical curve 
which continues towards the North abutment with 
a grade of 0,8%. The position of the high point on 
the alignment lies in the main span and is located 
approximately 53 m above the mean water level. 

The superstructure is composite, formed by           
a grillage comprising longitudinal and transverse 
steel girders and a reinforced concrete slab, see 
Figure 8.  

The steel structure consists of fine-grained 
structural steel with atmospheric corrosion 
resistance and with minimum yield strengths of 
350 MPa and 485 MPa respectively.  

In accordance with local bridge construction 
standards, all field joints between the different steel 
assemblies are to be bolted. The carriageway slab 
is made of precast panels with cast in place 
concrete strips and edge kerbs and is completely 
reinforced with stainless steel rebar.  

A waterproofing membrane and an asphalt overlay 
with a total thickness of 110 mm are laid on top of 
the slab. 

Over the Fraser River, the new bridge provides 
approximately a 275 m wide and 46.86 m vertical 
clearance above mean water level for vessels 
sailing towards the Surrey port.  

 

Figure 9: Deck cross-section of the North Approach 

 

A rise of sea level of 1.20 m as a result of climate 
change was considered as a prediction for the 
design life of 100 years.  

To the north, see Figure 6, the superstructure is 
monolithically connected to the main bridge. The 
spans are 115 m between piers N1 and N2 over 
the tracks and the maintenance yard of the railway 
operator CN Rail and 77 m between piers N2 and 
N3 over a local road.  

The separated southern ramp has spans of      
85.70 m, 82 m, 100 m, 73.50 m, 75 m and 49 m. 

Figures 8 and 9 illustrate the arrangement and 
dimensions of the lanes. The initial arrangement 
with four lanes within the cable planes has the 
following features: 

�x A 0.60 m wide and 0.81 m high class TL4 
concrete barrier to separate the traffic 
directions; 

�x Four 3.60 m wide lanes for vehicle traffic (two 
lanes in each direction); 

�x Two 2 m wide outer hard shoulders (one in 
each direction), and 

�x Two 3.50 m wide multi-use paths for both 
cyclist and pedestrian traffic (one in each 
direction) with a 1.80 m wide single-sided cycle 
lane and a 1.70 m dedicated walkway; physical 
separation from the hard shoulders is provided 
by precast concrete barriers. 
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The future six-lane configuration provides six lanes 
for vehicle traffic within the vertical cable planes. 
For this purpose, the two initially 3.5 m wide 
combined cycle and pedestrian paths will be re-
purposed as traffic lanes and two new 4 m wide 
corridors will be built cantilevering from the deck 
structure, outside the vertical cable planes. 

Figure 7 shows the H-shaped reinforced concrete 
pylon with two prestressed concrete crossbeams. 
The pylon shafts have a hollow rectangular cross-
section with chamfered corners and lean towards 
the centre with transverse slopes of 2.42% and 
2.91% on the inner and outer faces respectively, 
while the longitudinal taper of the section has          
a slope of 1.21% on both sides.  

The outer cross-sectional dimensions of the pylon 
�V�K�D�I�W�V�� �W�D�S�H�U�� �I�U�R�P�� ���� �P�� �´�� ���� �P�� �D�W�� �S�L�O�H-cap level to 
�����������P���´�������������P���M�X�V�W���E�H�O�R�Z���W�K�H���X�S�S�H�U���F�U�R�V�V�E�H�D�P����
Above this elevation, the outer cross-sectional 
dimensions remain constant and shafts are 
vertical.  

Simple steel crossbeams, which are welded to 
steel walls forming an internal box, serve as cable 
anchorages on the shafts and transfer forces to the 
concrete section via shear studs. 

On top of the pile cap, a 5.40 m high and 8 m wide 
plinth, designed as a box girder cross-section, 
connects and distributes the majority of loads from 
pylon shafts to piles.  

�7�K�H���S�\�O�R�Q���I�R�X�Q�G�D�W�L�R�Q���F�R�P�S�U�L�V�H�V���������S�L�O�H�V���L�Q���D�������´������
arrangement. They consist of steel pipes with an 
outer diameter of 2.50 m and wall thicknesses 
between 35 mm and 55 mm, opened at the pile tip 
and which are driven into the sedimentary deposits 
layer or the weathered sedimentary bedrock with 
pile lengths of up to 77 m.  

In order to dissipate the forces from the steel pipes 
and transfer those over a large area into the pile-
�F�D�S�����Z�L�W�K���G�L�P�H�Q�V�L�R�Q�V���R�I���������������P���´���������P���´�������������P����
the steel pipes are provided with concrete plugs in 
the upper 11 m. 

The bridge piers in the N1, see Figure 10, S2 and 
S3 axes consist of reinforced concrete shafts with 
solid circular cross-sections, with a diameter of 
3.50 m. These piers are also founded on solid pile-
caps and steel pipes with diameters of 2.50 m and 
2 m respectively and with lengths of up to 92 m.  

The piers on the axes N3, N2 and S4-S9 have        
a diameter of 1.80 m and merge directly into in-situ 
concrete bored piles with diameters of 2 m (on the 

 

Figure 10: Pier at N1 axis 
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North Approach) or into open-bottomed steel 
driven piles with 2 m diameter on the South 
Approach. The piled foundations in the river are 
protected against scouring by approx. 2.50 m thick 
rip-rap provided with geotextile fabric. 

The stay cables are contained within vertical 
planes and have a semi-harp arrangement. They 
consist of conventional parallel strand bundles of 
23 to 80 strands with a cross-sectional area of  
150 mm2 and a nominal strength of 1,860 MPa.  

The wires of the mono-strands are galvanised and 
further protected by an HDPE sheath, while the 
voids between wires are filled with petroleum wax. 
�7�K�H���R�X�W�H�U���S�U�R�W�H�F�W�L�Y�H���S�L�S�H���F�R�Q�V�L�V�W�V���R�I�� �D�� �q�O�L�J�K�W���J�U�H�\����
coloured HDPE pipe, equipped with a helix to 
reduce the rain-wind induced vibrations (RWIV). 

As other cable-stayed bridges in the region have 
experienced problems with snow and ice falling 
from the cables, the client requested that a de-
icing system had to be provided. The tendered 
system envisages sliding steel chains running 
down along the cables in order to remove the ice 
from the cable in a controlled manner. To avoid 
stay vibrations, all stay-cables are provided with tri-
axial hydraulic dampers, which need to provide at 
least an additional damping equal to 4% 
logarithmic decrement both in and out of the stay-
cable plane.  

Inspection is carried out via platforms mounted to 
stay cables, which can carry up to two persons 
along the cables and can also be used to carry out 
maintenance operations such as minor repairs to 
the HDPE pipe. 

The superstructure is supported on lead-rubber 
bearings with diameters of up to 1.50 m and a total 
thickness of the rubber layer of up to 375 mm, 
which reached the limits of what is currently 
feasible. The bearings are guided in the transverse 
direction, whereas the lead core generates a high 
degree of rigidity for regular loads such as wind, 
etc.  

In the event of major earthquakes, the lead core 
begins to yield and the stiffness of the bearing is 
only generated by the rubber and is thus 
significantly reduced. This isolates the 
superstructure from the vibrations of the subsoil, 
which increases the natural vibration periods and 
significantly reduces the stiffness-dependent 
earthquake loads.  

The back-and-forth sliding of the lead core also 
results in a large damping of the system. The main 
bridge together with its North Approach is 
longitudinally fixed on the pylon by means of 
longitudinal spherical bearings. 

DETAILED DESIGN 

The main consultant for the detailed design is the 
Canadian consulting firm Hatch Ltd., which works 
along with specialised subconsultants. The 
commissioning goes far beyond the standard 
structural planning. A so-called Engineer of Record 
(EoR) is to be appointed for each individual 
structure. In addition to personal responsibility for 
the structural design, the EoR is also responsible 
for preparing specifications, checking the design 
and fabrication drawings as well as supervising the 
qualification of the manufacturers and their 
employees. The EoR must be available until the 
final acceptance and personally approve all 
documents. 

The division of design work, comprising the two 
approach structures and the main bridge, is as 
follows: 

Main consultant Hatch: 
�x General coordination with construction 

company and client; 
�x Position of the EoR responsible for the south 

ramp and the adjoining smaller structures, and 
N3-N2 piers; 

�x Road and drainage planning; 
�x River hydraulics with supervision of tests in the 

water channel, dimensioning of scour 
protection; 

�x Design of piers N3 and N2 and the South 
Approach. 

�6�X�E�F�R�Q�V�X�O�W�D�Q�W�� �/�H�R�Q�K�D�U�G�W���� �$�Q�G�U�Á�� �D�Q�G�� �3�D�U�W�Q�H�U�� �9�%�,��
AG: 
�x Position of the EoR, responsible for the North 

Approach and the Main Bridge; 
�x Development of a global calculation model for 

the construction stages of the pylon and 
superstructure, the end system and the time-
history seismic analyses for a total of 240 
combinations of 15 different time histories and 
16 different assumptions for bearing and soil 
stiffnesses; 

�x Detailed design of the complete main bridge 
and the north ramp including the foundations 
and substructures of the piers N1, S1 to S3; 
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combine system responses of the overall structure, 
including the piles stressed by shear waves in the 
soil. 

Pylons and piers were modelled accordingly as 
beam elements with six degrees of freedom per 
node. The composite superstructure with its 
multiple longitudinal and transverse girders was 
also modelled with beam elements as a grillage, 
whereas a fictitious K-bracing was introduced to 
take into account the membrane effect of the deck 
concrete slab.  

Kinematic couplings connect the fictitious bracing 
to the grillage so that strain compatibility is 
achieved, and the stresses in both the steel girders 
and the concrete slab elements can be extracted 
directly from the global model. A central 
longitudinal girder was introduced in order to 
increase redundancy. 

The stiffness of the lead core elastomeric bearings 
was determined iteratively for the maximum 
displacement on the relevant earthquake cases, 
and considered as a set of linear springs taking 
into account a variation of the rubber stiffness. In 
the non-seismic case, the lead core does not yield 
and therefore represents the essential part of the 
bearing stiffness. 

The determination of the internal forces, including 
the analyses according to the 2nd order theory, was 
carried out  for  the  usual loads in accordance with 
the Canadian Highway Bridge Code CAN/CSA- 
S6-14.  

 
Figure 11: Calculation model 

 

�x Wind tunnel testing (Wacker Ingenieure) and 
required cable damping (LAP); 

Subconsultant EXP: 
�x Position of the geotechnical EoR; 
�x Evaluation of the ground investigations and 

determination of the earthquake intensities; 
�x Determination of the earthquake loads both as 

response spectra and as time histories of the 
course of the shear waves in the ground and 
the shear loads on the piles from ground 
displacements; 

�x all geotechnical verifications of the 
foundations; 

�x design of the soil densification  to reduced 
loads due to liquefaction 

�x Development of the concept and supervision 
of the pile test loads; 

�x Acceptance of the piles on site. 

Subconsultant GNEC: 
�x Planning the electro-technical equipment 

including the sensors for structural monitoring. 

In the global model, the stiffnesses of the pile 
foundations were taken into account using 
flexibility matrices. They were determined using 
separate models for the governing actions with 
non-linear springs to represent the soil stiffnesses, 
taking into account variations in the soil properties 
and the actual level of the riverbed considering 
scour.  

An overall model, Figure 11, was then also used for 
the governing earthquake combinations in order to 
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In addition to the ship impact, the seismic loads are 
paramount for the design of the foundations, the 
pylon and the bearings.  

For the superstructure, which has open-section 
elements with low torsional stiffness, the scheduled 
cable replacement cases or cable loss cases are 
critical. For the latter, the sudden failure of two 
cables in combination with reduced traffic load was 
taken into account.  

Dynamic amplification factors of ca1.5 for the loss 
of a single cable or 1.0 for the simultaneous loss of 
two cables were determined for various cable loss 
scenarios by means of non-linear time-history 
analyses, whereas the time step of the impulse 
load due to the sudden rupture of the stay was 
assumed to be 0.05 s. 

FIRE PROTECTION 

Per design basis, the bridge shall be designed to 
bear without collapse or failure, a fire ignited from  
a gasoline tanker truck collision or spill on the 
roadway resulting in a pool of burning gasoline. 

Therefore, various fire scenarios were investigated 
as accidental load cases, accounting for fire 
damage to the stay cables.  

In the case of a fire on the bridge as a result of      
a petrol tank accident, it is assumed that a pool of 
200 m2 area is formed and a temperature curve 
similar to a hydrocarbon fire is generated. The 
duration of the fire event was assumed to be        
60 minutes until fire fighting measures become 
effective.  

With the design concrete cover of at least 30 mm, 
the reinforcement is adequately protected. The 
HDPE sheathing of the cables melts and drops off 
at a temperature �H �������� �•�&�� �D�Q�G�� �I�O�D�V�K�� �L�J�Q�L�W�H�V�� �D�W��
�D�S�S�U�R�[�������������•�&���W�R���E�H�F�R�P�H a source of fire itself. 

For the different fire scenarios, the cable surface 
temperatures were analysed in order to determine 
which areas required fire protection measures in 
the form of wrapping with mineral wool mats or 
other suitable materials, so that a maximum of two 
cables fail.  

The required protective height was determined to 
be 17 m, with the lower 3 m also being further 
protected with an anti-vandalism system of 
galvanised steel. Cable stay supplier Freyssinet 
provides the structural components as well the fire 
protection system.  

The fire protection blankets, of glass wool fabric, 
are wrapped around the strand bundles and an 
additional black HDPE duct is provided 
surrounding the stays, for a protection of 60 
minutes against a hydrocarbon �I�L�U�H�� �D�W�� ���������•�&���� �,�W��
�P�D�L�Q�W�D�L�Q�V�� �W�K�H�� �V�W�U�D�Q�G�� �W�H�P�S�H�U�D�W�X�U�H�� �E�H�O�R�Z�� �������•�&����
which leads to no permanent reduction in the 
strand capacity.  

GEOTECHNICS AND SEISMIC ANALYSES 

The bridge is situated in a high seismic region with 
significantly varying soil conditions along its length.  

The North Approach area (piers N1 to N3) consists 
of granular fills (up to ~3.5 m thick) over a thin 
layer of native gravelly silty, glacial deposits of 
dense to very dense sandy silts and silty gravelly 
sands, and stiff to hard silty clays or clayey silts, 
weak sedimentary bedrock underlying the glacial 
deposits down to 90 m depth.  

The Main Bridge area (piers S1 to S3) has surficial 
soils of granular fill (1-4 m thick), underlain by 
layers of decayed wood and clayey silt with 
organics at some locations. Beneath are alluvial 
sediments consisting generally of loose to compact 
fine-grained sand with silt and/or clay/silt layers up 
to 30-40 m depth, further underlain by silty clays 
and then dense to very dense sands and silts. 

Weak sandstones are eventually found at depths 
up to 40-60 m below the river bed. The river also 
has a very strong sediment drift, which can cause 
the river bed to fluctuate by up to 3 m (N1) and     
7 m (S1) per year, with 2.5 m thick scour 
protection provided at the pile foundations in the 
river. As a precaution, 50% of local scour was 
considered concurrent with seismic cases.  

The South Approach and Highway 17 Exit Ramp 
areas (S4 to SA, SR1 to SRA) consist of variable 
depth fills (1-5 m thick) overlying fluvial sand 
deposits up to 45 m deep which vary from loose to 
dense (of which the top 30m can be liquefiable). 
Beneath is a layer of marine clay/silt (9-20 m thick) 
followed by layers of denser sands and gravels, 
with till like material encountered typically 90 to 
105 m below ground level.  

Where liquefiable layers existed, both non-liquefied 
and liquefied ground parameters were considered 
in the design, as were kinematic effects due to 
lateral spreading.  
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The design also took into consideration 50% and 
200% of the stiffness parameters (p-y curves) to 
account for variability in ground response. 

EXP compiled both the response spectra and the 
time histories for various earthquake recurrence 
periods. In addition, the lateral loads due to soil 
liquefaction were specified and the extent of the 
necessary soil improvements determined. EXP also 
verified the external pile load-bearing capacities 
based on successful pile load tests.  

WIND 

Wacker Ingenieure was closely involved during 
both tender and detailed design phases and is also 
responsible for all studies regarding wind effects 
during construction. The different configurations 
with four or six lanes are taken into account and 
aerodynamic countermeasures such as wind 
noses were designed. 

The scope of services includes the determination 
of the wind conditions applicable at the site taking 

into account global climate change, including wind 
speeds to be taken into consideration in the 
design.  

The static and aerodynamic wind coefficients of 
the superstructure and the pylon were determined 
in �:�D�F�N�H�U�� �,�Q�J�H�Q�L�H�X�U�H�p�V�� �R�Z�Q�� �Z�L�Q�G�� �W�X�Q�Q�H�O�� �X�V�L�Q�J��
sectional models, Figure 12.  

In addition, the Scanlan aerodynamic damping 
derivatives were also measured for the 
superstructure in the laminar regime. 

By means of these characteristic values, Wacker 
Ingenieure derived equivalent wind loads to be 
applied for the design in both the final and 
construction stages and checks regarding stability 
as a result of vortex shedding, pure bending effects 
due to galloping and combined torsional-bending 
movements due to fluttering were performed, both 
experimentally and analytically.  

In order to cross-check the results, calculations 
were carried out using a total of three different 
methods: 

 

Figure 12: Sectional model in wind tunnel tests        Courtesy of Wacker Ingenieure 
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Figure ���������R�Y�H�U�D�O�O���������������P�R�G�H�O���L�Q���)�R�U�F�H���7�H�F�K�Q�R�O�R�J�\�p�V���E�R�X�Q�G�D�U�\���O�D�\�H�U���W�X�Q�Q�H�O 

 

�x Method 1: Measurement of the forces and 
movements for different wind speeds on the 
rigid or oscillating partial model at a scale of 
1:100 in order to determine the force 
coefficients and to be able to exclude 
instabilities. In addition, the fluctuating wind 
pressures acting on the superstructure are 
measured on the complete model at a scale of 
1:150 in a boundary layer tunnel, which 
reproduces the real wind conditions regarding 
velocity profiles in height and in spatial gusts 
distributions. In combination with the 
eigenmodes and eigenfrequencies, mass 
distributions and the assumed system 
damping determined by the structural 
engineer, Wacker was able to develop             
a dynamic calculation model in the frequency 
domain and thus determine the equivalent 
loads. 

�x Method 2: Method according to Davenport, 
taking into account the measured force 
coefficients and the theoretical approaches to 
wind pressure distribution over the height and 
over the considered longitudinal extension, 
whereby different gust intensities can be taken 
into account with different extensions. 

�x �0�H�W�K�R�G���������:�D�F�N�H�U���,�Q�J�H�Q�L�H�X�U�H�p�V���V�X�E�F�R�Q�V�X�O�W�D�Q�W����
GMTiB, created an FE calculation model using 
a time-history approach with a time-step of 
0.020 s.  

The model is based on the overall model 
provided by Leonhardt And�U�Á���D�Q�G���3�D�U�W�Q�H�U���D�Q�G��
uses the static and dynamic characteristic 
values measured by Wacker, including the 
aerodynamic damping derived from Scanlan 
derivatives. 

All three methods resulted in very similar design 
internal forces and deformations. 

As per contractual conditions, the results were to 
be confirmed on an overall 1:150 scale model of 
the whole bridge, including the surrounding 
structures.  

Under the direction of Wacker Ingenieure, these 
�W�H�V�W�V���Z�H�U�H�� �F�D�U�U�L�H�G�� �R�X�W�� �L�Q�� �)�R�U�F�H�� �7�H�F�K�Q�R�O�R�J�\�p�V�� �Z�L�Q�G��
tunnel facilities, Figure 13.  

These tests confirmed Wacker's results and the 
assumption that the surrounding structures 
(existing bridges) would have no influence on the 
loads and stability of the new structure. 
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BEARINGS 

Early in the design process it became clear that 
seismic isolation of the Main Bridge and North 
Approach superstructures would be necessary to 
achieve project performance objectives. Solutions 
with friction pendulum bearings and lead core 
�U�X�E�E�H�U�� �E�H�D�U�L�Q�J�V�� ���/�5�%�p�V���� �Z�H�U�H�� �V�W�X�G�L�H�G�� �Z�L�W�K�� �W�K�H��
latter finally selected, in part for their ability to 
provide necessary service load stiffness properties 
for temperature and wind.  

The deck is seismically-isolated in the transverse 
direction from the tower and the reinforced-
concrete pier substructures using lead-rubber 
bearings and natural rubber bearings. A total of   
98 seismic isolation bearings of 14 different sizes 
are used, ranging from 750 to 1,500 mm diameter.  

At some piers the bearings provide re-centering 
resistance in only the transverse axis of the deck, 
with free movement in the longitudinal axis 
achieved by low-friction sliding plates at the 
bearing top connections. At the main tower, 
longitudinal seismic forces are transferred to the 
tower substructure by large capacity, vertically-
oriented spherical bearings between the deck and 
the tower crossbeam, with free seismic movement 
allowed in the transverse and vertical direction. In 
addition to the isolation bearings, viscous dampers 
are utilized at the South Abutment to further 
control seismic displacements in the longitudinal 
direction. 

The CHBDC S6-14 requires seismically isolated 
bridges to satisfy the same performance criteria 
prescribed for non-isolated bridges except that the 
substructure and foundations must also be 
designed to resist the maximum forces imposed by 
the isolation system at a total design displacement 
equal to 1.25x the seismic design displacement. 
The isolation bearings and dampers themselves 
must also meet the additional performance criteria 
specifically for isolators and energy dissipation 
devices, as follows: 

�x Under the 975-year return period earthquake, 
the isolation bearings may sustain minor 
damage that can be repaired under normal 
traffic and does not affect the bearing 
performance. Residual displacements are also 
permitted but they must be kept small enough 
so that the bridge can remain open to normal 
traffic. 

�x Under the 2475-year return period 
earthquake, the isolation bearings may 
experience moderate repairable damage if 
they maintain their original load-deformation 
responses and displacement capacities. 
Residual displacements are accepted if the 
isolation bearings in the displaced 
configuration can still accommodate further 
displacements corresponding to half their 
original capacity because of potential 
aftershocks. 

The rubber bearings with a lead core used for the 
main bridge and the North Approach, provided by 
Mageba, have been manufactured mainly in Italy. 
For each size a prototype is dynamically tested for 
compliance with the calculation approaches with 
regard to the achieved deformability, hysteresis 
and stability under earthquake loads.  

For this purpose, the corresponding loads of up to 
31 MN vertical and approx. 4 MN horizontal load at 
approx. 350 mm deformation is dynamically 
applied with a sinusoidal velocity resulting from 
earthquakes.  

Furthermore, all bearings that are installed in the 
structure must be subjected to production control. 
For this purpose, a static vertical load comparable 
to the earthquake load and the corresponding 
horizontal displacement are applied in five cycles 
and the proper vulcanisation is checked.  

STAY CABLES 

As described in previous sections, the stay cable 
system chosen for the new bridge is of parallel 
strand type. The monostrands, supplied by 
�)�U�H�\�V�V�L�Q�H�W���� �F�R�D�W�H�G�� �<���������� �6���� ���������r�� �V�W�U�D�Q�G�V��
(15.7mm diameter and 150 mm2 nominal area) 
made of high-strength steel wire with a nominal 
strength of 1,860 MPa.  

Strands are galvanized with an average of 260 g 
Zn/m2 and provided with additional corrosion 
barriers, namely an HDPE sheath and petroleum 
wax injected in the crevices between the sheathing 
and strand.  

Strand bundles for the main cable elements are 
placed within an HDPE tube, while the temporary 
ties used during construction need only temporary 
corrosion protection and no HDPE sheathing, but 
have to be protected against falling objects 
nevertheless.  
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All cables are provided with tri-axial dampers that 
can be adjusted for both the 4- and the 6-lane 
traffic configuration by rotation of the guide tubes. 

Stay cables need to be designed in accordance 
with PTI DC 45.1 �t �������q�5�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V���I�R�U���6�W�D�\��
�&�D�E�O�H�� �'�H�V�L�J�Q���� �7�H�V�W�L�Q�J�� �D�Q�G�� �,�Q�V�W�D�O�O�D�W�L�R�Q�r���� �,�Q�� �W�K�H��
static design, verifications were carried out for 
combined effects due to combined axial loads and 
bending. In order to avoid the slippage of wedges 
out of the anchor plates, the minimum stay cable 
forces were limited to 10% of the tension for dead 
load under all load cases and combinations. 

During construction low cable forces are foreseen 
and therefore the wedges will be kept in place by 
the use of retainer plates. 

Dynamic analysis of the cables was extensive on 
the new bridge, as there are a number of 
mechanisms that can potentially lead to wind-
induced cable vibrations, which required careful 
consideration in stay cables due to their maximum 
length (ca. 300 m) and its impact on damping 
demands:  

�x Buffeting by wind turbulence;  
�x Vortex-induced vibration;  
�x Galloping of dry inclined cables;  
�x Wake galloping for groups of cables.  

In addition, the combination of rain and moderate 
wind speeds can cause high-amplitude cable 
vibrations at low frequencies. This phenomenon, 
named rain-wind induced vibration, has been 
observed on many cable-stayed bridges and has 
been studied in detail in technical literature. It was 
found that these vibrations occurred typically when 
there was rain and moderate wind speeds           
(8-15 m/s) in the direction angled 20 to 60 degrees 
to the cable plane, with the cable declined in the 
direction of the wind. The frequencies were low, 
typically less than 3 Hz. The peak amplitudes were 
very high, in the range of 0.25 m to 1.0 m �t violent 
movements, resulting in the clashing of adjacent 
cables observed in several cases.  

Lastly, if superstructure movements happen in 
frequencies close to the natural frequencies of the 
cable, vibrations with divergent amplitudes will take 
place���� �7�K�H�V�H�� �S�K�H�Q�R�P�H�Q�D�� �D�U�H�� �F�D�O�O�H�G�� �q�H�[�W�H�U�Q�D�O��
�H�[�F�L�W�D�W�L�R�Q�r�� �L�I�� �W�K�H�� �Y�L�E�U�D�W�L�R�Q�� �L�V�� �S�H�U�S�H�Q�G�L�F�X�O�D�U�� �W�R�� �W�K�H��
cable chord and contained within the cable plane, 
�R�U�� �q�S�D�U�D�P�H�W�U�L�F�� �H�[�F�L�W�D�W�L�R�Q�r�� �L�I�� �W�K�H�� �Y�L�E�U�D�W�L�R�Q�� �G�L�U�H�F�W�L�R�Q��
is along the cable chord. 

As the base criteria, the contract established         
a requirement of a minimum 4% additional 
logarithmic decrement for all cables, although 
actual damping demands were determined based 
on the phenomena above following a detailed 
analysis. 

In terms of RWIV, multiple analytical formulations 
available in the technical literature were applied to 
the whole set of cables on the new bridge. Some of 
them are based on experimental requirements in 
terms of Scruton number, while others are semi-
analytical formulations that involve the expected 
wind speed, the dimensionless force coefficients, 
etc. In order to establish proper damping 
demands, the expected aerodynamic damping was 
also derived from EN-1991-1-4 Wind Actions and 
included in the calculations. 

With regards to vortex shedding, semi-analytical 
procedures were also used in order to determine 
the damping demands due to this effect. It was 
found that vortex shedding rarely exceeds 
normalised amplitudes (y/D) of more than 10% and 
that intrinsic damping alone is enough to cater for 
this effect. 

After examination of galloping phenomena, it was 
concluded that all cables could suffer from dry 
galloping if only the intrinsic logarithmic decrement 
of the stays is considered.  

Therefore, dry galloping calculations were 
repeated in order to obtain a lower bound 
estimation for the additional damping required to 
avoid galloping. On the other hand, iced galloping 
analyses were showing critical wind speed 
velocities far above the expected range, and hence 
this instability was discarded. Wake galloping was 
discarded for the same reason. 

The decisive phenomena for the additional 
damping were the parametric and external 
excitation of cable anchorages due to the deck 
movements under the wind.  

For the former, external damping can mitigate the 
resonant effects while for the latter addition of 
external damping is not highly effective, as it only 
delays the onset of the phenomena, while 
maximum amplitude remains in general similar to 
the undamped situation. It was found that the 
governing case was the parametric excitation and 
anchorages and therefore a solution via dampers 
could be fitted. 
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In order to investigate the effects of both 
excitations, a non-linear FE model of each cable 
was developed and benchmarked against other 
cases in the technical literature in order to validate 
the results.  

The vibrations of the cable are studied by means of 
a non-linear time history calculation. Non-linear 
effects accounted for are material-based, 
geometry-based and additionally the effects of the 
geometrical system modification, e.g. snape 
through, length modification for large deformations, 
etc.  

For the time-history analyses, a harmonic 
displacement of the cable anchorage is applied. 
The displacement can be either in-plane, out-of-
plane, or all combined. The circular frequency of 
the movement applied is equal to the first circular 
frequency of the cable, so resonant conditions are 
met. 

At the same time, a double-check was carried out 
by semi-analytical techniques. Once models were 
validated, the damper was modelled on top in 
order to analyse its effect and determine the 
required demands to limit the amplitudes to            
a specific limit of L/1000, agreed with the cable 
supplier based on experience in previous projects.  

Damper modelling was pushed forward in order to 
include a possible gap due to the slight play 
between the damper cylinders and the joints in the 
collar and guide tube, and consideration of the 
damper cylinders and support stiffness was also 
taken into account.  

In addition, aerodynamic damping was also 
considered in order to reduce the damping 
demands to the bare minimum required. 

After all considerations, damping requirements are 
set as the maximum of all considered effects, and 
for the new bridge range between 4% and 7% 
logarithmic decrement. 

Damper performance levels were also 
independently investigated by LAP and compared 
with Freyssinet to a really close agreement, which 
then allowed for a standardization of damper 
viscous constants in order to optimise production. 
The damper supplied exceeds the requirements 
and ranges within 6% and 9% logarithmic 
decrement. 

Another aspect that was the object of study was 
the effect of the angular deviations and the 
definition of the damper strokes. This leads to 
elongated strokes on multiple cables, with strokes 
in the range of 50-100 mm on 66 cables, with the 
remainder having strokes within the range of    
100-150 mm.  

The piston configuration was chosen to avoid 
conflicts with the concrete barriers on the four-lane 
configuration, and follow the one used in the 
Rande Bridge widening in Spain. 

EXPANSION JOINTS 

Modular expansion joints are the most suitable kind 
of joint for the project and can satisfy the 
watertightness requirements and accommodate 
movement ranges expected (in both longitudinal 
and transverse directions). This is why modular 
expansion joints are typical for long-span bridges 
and base-isolated bridges.  Other local long-span 
bridges, such as the Port-Mann Bridge and the 
Golden Ears Bridge, feature large modular 
expansion joints; modular expansion joints are also 
used on the existing Pattullo Bridge. 

There are a total of 6 expansion joints across the 
entire mainline of the bridge, provided at bridge 
piers N3, N2, S3, SA, SR1 and SRA. The proposed 
locations of the modular expansion joints are 
shown in Figure 6.   

Due to the high seismic demands and the isolated 
articulation, these joints are required to 
accommodate large seismic displacements, which 
require swivel type modular joints that can 
accommodate such large movements in both the 
longitudinal and transverse directions. Finger plate 
deck joints are unable to meet these key 
requirements and considered unsuitable.  

This is paramount in the case of the expansion joint 
located at pier S3, as it has stringent requirements, 
�Q�D�P�H�O�\�� �D�� �O�R�Q�J�L�W�X�G�L�Q�D�O�� �P�R�Y�H�P�H�Q�W�� �U�D�Q�J�H�� �R�I�� �Ž��,800 
mm during a seismic event, in conjunction with 
�Ž��,200 mm in a �W�U�D�Q�V�Y�H�U�V�H���G�L�U�H�F�W�L�R�Q���D�Q�G���Ž���������P�P��
in vertical during the 2475 years return period 
earthquake.  

The manufacturer-designed joints, provided by 
MAURER SE, are required to accommodate     
975-year seismic displacements with no damage, 
but for the larger 2475-year seismic events include 
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a fuse mechanism that, in the case of fuse 
activation, can be easily repaired post-earthquake. 
This two-level approach allows joint size to be 
optimized while still protecting the structures 
against movements that exceed the design 
demand. 

�0�D�X�U�H�U�� �0�6�0�‹�� �6�Z�L�Y�H�O�� �-�R�L�V�W�� �P�R�G�X�O�D�U�� �M�R�L�Q�W�� �L�V�� �D�Q��
improvement to the previous design that has 
performed well for decades by utilizing the latest 
technology for the fabrication of sliding bearings.  

Due to its innovative and proprietary kinematic 
control, the swivel modular joint continually adapts 
to structural deformations and rotations. Not only 
does the joint accommodate bridge movements in 
the longitudinal direction of the carriageway, but 
also movements in the transverse and vertical 
directions.  

The joint also handles rotations of the bridge about 
the three spatial axes. The kinematic control 
principle used in the swivel joist system (not found 
in conventional modular expansion joints with 
parallel support bars) produces gap widths evenly 

distributed between the centre beams depending 
on the magnitude of movements.  

Conventional modular expansion joints use springs 
that are arranged in series to maintain equal gap 
distances during joint movements, however, such 
systems have experienced uneven gap widths 
during large movement events, particularly on 
bridges with steep longitudinal grades (such as the 
NFRB). The centre beams of the swivel joist 
system, however, are arranged in parallel which 
means that each centre beam moves 
independently which provides greater control on 
the gap width between each of the centre beams. 
This is considered advantageous for joint 
functionality and durability. 

To allow for the large longitudinal expansions, 
especially in combination with large transverse 
movements, a swivel joint has been chosen. The 
operating principle of a swivel joist expansion joint 
is based on a kinematic gap width control by 
means of obliquely angled support bars in 

 

 

 

Figure 14: Swivel joint mechanism              Courtesy of MAURER SE 
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combination with sliding pre-stressed bearings 
which connect the centre beams to the support 
bars. The control of a modular expansion joint has 
the task of creating equidistant gap widths 
between the centre beams, while the expansion 
joint adapts to changes in the structure gap.          
A change in the gap in the structure causes           
a swivel movement of the support bars.  

While the angles of the support bars change due to 
structural gap deformations, the distance between 
the centre beam pivot points from one centre 
beam to the next remains the same. This distance 
is defined as  the  offset  dimension  �q�Y�r�� and  is  
the measure of the angle of the support bars, 
Figure 14. 

If several centre beams are arranged in parallel on 
two support bars (crossbeams) at an oblique angle 
to each other and are supported on the support 
bars in a movable and rotatable manner, the 
intersecting line theorem applies and the 
expansion joint can follow openings in both 
horizontal directions and a twist around the vertical 
axis, Figure 14.  

The fuse box, Figure 15, acts as a predetermined 
break point allowing failure to occur in a controlled, 
designed manner for earthquakes larger than the 
1-in-975-year earthquake. The fuse box releases 
at 1,330 mm closing of the joint.   

The design of all NFRB modular expansion joints 
incorporates a fuse box. Fuse boxes allow smaller 
expansion joints with fewer gaps and smaller 
components.  This not only reduces the initial costs 
to supply and install the joints but also lowers long-
term maintenance costs through reduced wear 
and tear, handling components etc.  

After activation of the fuse, the only damage 
expected would be the failure of the specially 
machined fuse bolts and delamination of the 
asphalt over the fuse plate.  

 
Figure 15: Fuse box in swivel joint               Courtesy of MAURER SE 

 
�7�K�H�� �P�D�L�Q�� �D�G�Y�D�Q�W�D�J�H�V�� �R�I�� �X�V�L�Q�J�� �0�D�X�U�H�U�� �0�6�0�‹��
Swivel Joist modular joint for the new bridge are:  

�x Precise kinematic control of centre beam 
spacing (described above) 

�x Fatigue-resistant design - the joint will be 
designed according to AASTHO fatigue design 
requirements providing a "fatigue-resistant" 
system. Which is being verified also for the 
fatigue loads as per Canadian Code S6-14. 

�x Six degrees of freedom movement with no size 
limits Safe for traffic �í secure and durable 
transmission of traffic loads   

�x Durable and low friction sliding bearings 
Service life of more than 50 years   

�x Cost-effective and sustainable design   
�x Exceptional performance in high acceleration 

and large seismic movements  
�x Large movement capacities   

The long-term and seismic performance of modular 
expansion joints are key factors in their selection 
and design. In North America, the American 
Association of State Highway and Transportation 
Officials (AASHTO) has taken on the leading role in 
the specifications of the design, testing, and 
construction requirements for modular expansion 
joints, with stringent and industry-accepted tests to 
verify the durability and seismic performance. For 
each type of expansion joint a prototype testing 
program in accordance with AASHTO LRFD 
Bridge Construction Specifications 4th Edition 
Appendix A19 shall confirm its performance.   

During production, one complete joint of each type 
(excluding seals) on the project shall be proof-
tested to confirm proper kinematic performance. 
To make use of the shop fabrication conditions, all 
joints shall be pre-assembled in the shop and 
shipped to the site as one unit. The joints are 
designed for a minimum design life of 40 years, 
with a reduced required design life of 15 years for 
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exchangeable parts like the joint seals, sliders and 
springs.  

The sliding capacity and reduction of friction are 
enhanced by the choice of UHMWPE (Ultra-high 
molecular weight polyethylene) material. The 
�V�W�H�H�O�Z�R�U�N�� �L�V�� �F�R�D�W�H�G�� �E�\�� �������� �u�P�� �=�Q�$�O������ �P�H�W�D�O�L�]�L�Q�J��
�D�Q�G�� ������ �u�P�� �P�L�F�D�F�H�R�X�V�� �L�U�R�Q�� �R�[�L�G�H�� �V�H�D�O�� �F�R�D�W����The 
performance of such a system can be evaluated 
from ISO 2063-�����q�7�K�H�U�P�D�O���6�S�U�D�\�L�Q�J�r���t Table C.1. 

Water ingress into or onto the Substructures or 
abutment wall backfill from the Superstructure 
above is to be prevented. Joints between the 
Superstructure or end diaphragm and the 
Substructure shall be waterproofed. Therefore, 
each elastomeric sealing element shall be 
continuous and be limited to a maximum of 80 mm 
of movement per seal during normal (service level) 
operation and shall remain water-tight at all non-
seismic ULS load combinations 

The top surface of the joint is equipped with 
additional plates limiting the size of the gap a wheel 
has to pass and thus reducing the emission of 
noise as verified by testing with cars and trucks. 
Modular joints including those with fuse elements 
shall be guaranteed to not require repairs (other 
than seal repair) after a 975-year return period 
earthquake.  Modular joints shall be guaranteed to 
remain accessible by emergency services after      
a 2475-year return period earthquake. 

The modular joint seal assembly shall be designed 
with adequate access to all internal components to 
ensure the feasibility of inspection and 
maintenance activities.  

 

 

 

 

 

 

 

CONSTRUCTION 

The approx. 13,000 tonnes of steel pipes were 
cold-bent from sheet metal, Figure 16, and welded 
into approx. 13 m long pipes. For each heat, 
compliance with specifications was checked 
through additional samples by an independent 
laboratory. The weld seams were 100 % inspected 
using phased array ultrasound testing (PAUT). On 
arrival at the construction site, the pipes were 
again randomly checked for dimensional accuracy 
and weld seam defects. The pipes are driven into 
the soil by means of rams with an energy �G 800 kJ, 
Figures 17 and 18. 

In order to cast the pile caps in the river, precast 
concrete shells were placed over the steel piles, 
which then serve as permanent hidden formwork, 
Figure 19.  

The shop drawings were mandatorily prepared by 
the steel fabricator. After initial checking by the 
construction company, they were further reviewed 
by the EoR for conformity with the design and 
approval. As of today, ca 12,000 tonnes for the 
steel composite deck have been already 
manufactured and shipped to the construction site.  

Similar to the steel pipes used in the foundations, 
this steel is checked with an exhaustive scope of 
non-destructive methods in the shop by the steel 
fabricator and later by an independent party. A trial 
assembly of the steel parts was carried out as well 
in the factory to check the accuracy of fit. 

Construction of the tower finished at the end of 
May 2024.  

  

Figure 16: Bending and welding in steel shop     Courtesy of FCCGP 
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For the shaft erection, climbing formworks specially 
designed by OM Engineering and built for the 
project were used, with typical pour heights of 5 m. 
Each shaft comprises 33 pours, for a total height of 
167 m.  

For the lower segments, concrete was brought on 
trucks and pumped as heights were limited, while 
for the upper segments, concrete was placed with 
the tower crane and concrete buckets. The 
transverse crossbeams were formed by means of 
special heavy-duty trussed formwork by supplier 
ULMA.  

After casting and post-tensioning of the lower 
crossbeam, the formwork was subsequently 
lowered by means of strand jacks.  

Post-tensioning comprises straight tendons with 
two different lengths of 11 and 40 m and sizes of 
27-31 strands. Prestress force at transfer was 
limited to avoid having any point along the tendon 
with stresses higher than 74% fpu and 70% fpu at 
anchorages. Figure 17: Driving of piles      Courtesy of FCCGP 

 

 

Figure 18: Driving of piles     Courtesy of FCCGP 
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Figure 19: Precast shells on S1 foundation             Courtesy of FCCGP 

 

Due to the high seismic loads, all longitudinal 
reinforcement with diameters of up to 55 mm and 
strength class 400 MPa had to be mechanically 
coupled and confined very tightly, typically in      
100 times 150 mm grids. 

In addition, for the construction of upper segments 
of the shafts, struts spanning between those made 
of steel pipes of 0.7 m diameter and provided with 
hydraulic jacks on one end were used to support 
the tower shafts and adjust inward deflection if 
required before the casting of the upper 
crossbeam. 

The control of tower erection is carried out by 
temporary control points on the climbing formwork 
so that they are visible from ground level and allow 
to survey of the perimeter of the segment being 
cast. In addition, tracking survey prisms and 
reflector-less targets are installed on already cast 
segments as construction continues upwards, so 
the geometry of the trailing parts of the shafts can 
be also considered.  

In order to avoid thermal effects, surveys are 
performed in the early mornings, and temperature 
or wind speed is relayed to the design team for 
analysis along the surveyed geometry.  

This is then compared against the target geometry 
for each construction stage, corrected for ambient 
conditions.  

With regards to the main bridge deck construction, 
the cantilevering construction is currently (status 
end May 2024) underway, with the pier table and 
first segments on the main and back span being 
completed, Figure 20.  

The typical cycle for the segment erection can be 
broken down into the following steps, Figure 21: 

�x The deck lifters are moved into position over 
the already built deck; 

�x The individual steel superstructure elements of 
the main bridge are assembled with the so-
�F�D�O�O�H�G�� �q�V�W�L�F�N-by-�V�W�L�F�N�r�� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �P�H�W�K�R�G����
The steel elements are lifted onto the deck 
with the help of either a tower crane or crawler 
cranes. Afterwards, the pieces are transported 
within reach of the lifter. The lifter positions the 
steel elements as they are assembled. 

�x Bolted connections are held in place by drift-
pins, and A325 bolts are snug-tightened. 
Complete prestressing of the connections is 
carried out in a later stage via torque 
�Z�U�H�Q�F�K�H�V���I�R�O�O�R�Z�L�Q�J���W�K�H���q�W�X�U�Q-of-�Q�X�W�r���P�H�W�K�R�G���� 
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Figure 20: Current Main Bridge and Tower Status     Courtesy of Transportation Investment Corporation, Canada 

�x Stay HDPE ducts are hoisted and installed. 
Strands for the stay cables are then threaded 
and initially stressed to a target force. 

�x The precast concrete panels for the deck slab, 
of 270 mm typical thickness and reinforced 
with stainless steel rebar, are being 
manufactured locally in Vancouver, with 
supervision from both the precast supplier and 
the client at the precast yard. The EoR carries 
out spot checks on a random basis as well, by 
inspection of all material and inspection 
certificates. These are lifted after the steel grid 
for the current segment is finished; 

�x The casting of the in-situ joints between 
precast panels follows the steel grid and 
precast panels erection. After curing of the in-
situ stitches, the final stressing of the cables to 
the target force completes the typical cycle. 

A full geometric control is carried out along the 
typical cycle, in order to guarantee that the 
elevations achieved are within tolerance of the 
target values. 

The steel girders of the North Approach, Figure 21, 
are currently being lifted into place from the ground 
using heavy-duty cranes.  

The prestressed partial depth precast slabs will be 
then placed and concrete topping addition to 
complete the slab thickness shall be poured shortly 
after. 

End span erection is done with the help of 
temporary piers on which the steel structure will be 
erected first. After the whole steel grid is in place, 
precast panels of partial depth are installed. 
Concrete pour and stay stressing will happen 
simultaneously afterwards. 
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Figure 21: Current North Approach status    Courtesy of Transportation Investment Corporation, Canada 

 

 

Figure 22: Close-up view of deck erection 

Courtesy of Transportation Investment Corporation, 
Canada 

 

CONCLUSION 

Once completed, the Pattullo Bridge replacement 
will improve safety and reliability for drivers, 
cyclists and walkers, as well as the movement of 
goods. It will better connect the cities of Surrey 
and New Westminster with modern, wider lanes 
and improve the direct connections to regional 
road networks.  

Active-transportation commuters will benefit from 
new high-quality walking and cycling paths 
connecting to the bridge, and wide multi-use paths 
in both directions on the bridge, separated from 
traffic by barriers. 
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forces in motion

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

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

• Millau Viaduct, France

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

Features: 
•  Unrestrained absorption of specified 

movements and simultaneous trans-
mission of traffic loads 

•  Serviceability of the structure after the
earthquake 

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

•  High life time expectation through 
use of high performance components

•  Longitudinal seismic displacement
of ca. 4 m 

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

•  Watertight across the bridge width
•  Maintenance free 
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100% GAP AND TOLERANCE COMPENSATION

WITH MM1018  – THE LIQUID SHIM

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

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

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

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

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


https://www.instagram.com/fatzerwireropes/?hl=de
https://www.facebook.com/FatzerAG
https://www.linkedin.com/company/fatzer-ag/
https://www.youtube.com/user/FatzerAGSwitzerland?app=desktop


 

 

PELJEŠAC BRIDGE 
CROATIA 
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mailto:pce@pce.si
https://www.linkedin.com/company/pipenbaher-consulting/
http://www.pipenbaher-consulting.com


 

 

 

 

 

Pelješac Bridge, Croatia  
Conceptual/Preliminary/Final design  

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

Ada Bridge over Sava in Belgrade , Serbia  

Winning competition design/Preliminary/ICE for final and detailed design  

 

 

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


OVERHEAD MSS UNDERSLUNG MSS

LAUNCHING GANTRY MODULAR BRIDGE

W W W . B E R D . E U

B E R D

B E R D B R I D G E S

SOLUTIONS FOR 
BRIDGE CONSTRUCTION

https://www.berd.eu/en/
https://www.berd.eu/en/
https://www.linkedin.com/company/berd
https://www.facebook.com/berdbridges
https://mbs.berd.eu/en/


ACCELERATE 
DESIGN TO BUILD

GET YOUR FREE TRIAL:  
allplan.com/bridge-trial

�e new Allplan Bridge 2024 version accelerates parametric bridge design to an all-new level. Never  

before have you been able to complete tasks so quickly using powerful and automated modeling and  

detailing tools, extended structural analysis capabilities, and streamlined digital design work�ows.  

Giving bridge engineers the opportunity to optimize their designs, deliver projects earlier, maximize  

value for their clients and build better bridges.

Be faster with Allplan Bridge 2024:

>     Thanks to increased productivity

>     �rough extended structural analysis

>     With superior design quality

More productive, powerful and automated bridge design workflows

\ ALLPLAN BRIDGE 2024

https://info.allplan.com/en/bridge-trial


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Build your bridge 

   

  

 

 
 

www.rubricaingenieria.es  

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


 

 

 

Photo :  Jules van den Doel 

Helgeland Bridge, Norway 

https://www.aas-jakobsen.com/markets/long-span-bridges/
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http://eiabridges.org/
https://www.youtube.com/@eiabridgeprogram
https://www.instagram.com/eiabridgeprogram/
https://www.facebook.com/eiabridgeprogram


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