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The Fjord crossing project in Norway is pushing the boundaries for long-span bridges, developing bridge concepts and span lengths that has never been built before.
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My name is Tor Martin LystadI have been working with bridges in Norconsult for 8 yearsI am currently an industrial PhD candidateActually I am defending my thesis later this month, so please wish me luck!



e Hardanger Bridge
The Leirfjord Bridge

Bjørnafjorden submerged 
floating tube bridge

Askøy Bridge

The Nordhordland Bridge
Bjørnafjorden Floating Bridge

Høga Kusten Bridge

Trysfjorden Bridge
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I have been fortunate to work with many amazing long-span bridges so far in my engineering carrierAnd by looking at this it is hard not falling in love with these structures!
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The Norwegian government is planning to build a ferry free coastal highway route along the country's west coast.To achieve this, several wide and deep fjords needs crossing with bridges and tunnels



Fjord Crossing Project
Engineering consultant companies
Extensive research activety
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Fjord Crossing Project is developing long-span bridge technology for efficient crossing of all these fjordsThe Norwegian Public Roads Administration is managing the project consisting of two parallel processes.KLIKK!Development through Engineering consultant companiesAnd extensive research activityI have been so lucky to be part of both branches through my company Norconsult and through my phd research.KLIKK!Let’s take a closer look on the spectacular Bjørnafjord crossing, a prioritized connection.
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The Bjørnafjord (KLIKK) is 5 km (KLIKK) wide and as deep as 550 mKLIKK!Several bridge concepts has been studied and evaluated
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And the current choice is a curved side anchored floating bridge, with a cable-stayed high bridge in the south end.
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The west coast of Norway is famous for its rough weatherThe bridge concepts considered in the Fjord Crossing Project are all extremely slender, making dynamic excitation from wind and wave loading very important



𝑀𝑀 �̈�𝑥 𝑡𝑡 + 𝐶𝐶�̇�𝑥 𝑡𝑡 + 𝐾𝐾𝑥𝑥 𝑡𝑡 = 0𝑀𝑀 𝑡𝑡 �̈�𝑥 𝑡𝑡 + 𝐶𝐶�̇�𝑥 𝑡𝑡 + 𝐾𝐾𝑥𝑥 𝑡𝑡 = 0𝑀𝑀 �̈�𝑥 𝑡𝑡 + 𝐶𝐶�̇�𝑥 𝑡𝑡 + 𝐾𝐾 𝑡𝑡 𝑥𝑥 𝑡𝑡 = 0𝑀𝑀 �̈�𝑥 𝑡𝑡 + 𝐶𝐶�̇�𝑥 𝑡𝑡 + 𝐶𝐶𝑞𝑞𝑞𝑞𝑞𝑞𝑞𝑞,𝑟𝑟𝑟𝑟𝑞𝑞 �̇�𝑥 𝑡𝑡 �̇�𝑥 𝑡𝑡 + 𝐾𝐾 𝑡𝑡 𝑥𝑥 𝑡𝑡 = 0
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When we are working with groundbreaking structures, new challenges can arise.KLIKK!This is the equation of motion for a dynamic system. Or the Kid in the swing if you will.Now, the kid in the swing is able to generate an increasing pendulum motion just by moving his legsWhat he is doing is that he is shifting his centre of gravity, (KLIKK!) or rather he is changing the system parameters in resonance with the pendulum motion!This is what we call parametric excitation.KLIKK!This is a highly nonlinear problem, that can cause instability like behavior of a systemWhen developing the curved Bjørnafjord floating bridge, parametric excitation was a concern for the stability of the conceptKLIKK!But we found a way to describe the system as a self stabilizing problem by utilizing the quadratic viscous damping from pontoon motions. Then the problem changed from being an instability to something we could design for.This was significant for the progress of this project
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I can’t leave this opportunity without mentioning my PhD research!NTNU has been monitoring the wind field and dynamic motion of the Hardanger Bridge, Norway’s longest suspension bridge
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With the current design practice we would predict the dynamic response as function of the mean wind velocity as a line in this plotThen when we measure at the real bridge…
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… and this is what we see
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In my PhD project we have developed methods that can predict a line that is eclipsing the scattered response we measure in full scaleWe believe our findings will significantly reduce the uncertainty in design of long-span bridges going forward



Thank you!
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Thank you for the attention!
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