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Phase: 1 Statens vegvesen

Concept study
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Concept study floatmg brldge
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Concept study floatmg suspension brldge
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Concept study - floating suspension bridge
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Bjornafjorden

Phase: 1
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Concept study - submerged floating tube bridge
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Bjornafjorden
Phase: 1

Concept study
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Bjarnafjorden
Phase: 1

Concept study - suspension bridge
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Bjornafjorden
Phase: 2

Floating bridge - curved
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Phase: 2

Floating suspension bridge
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Submerged floating tube bridge
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Submerged floating tube bridge
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Submerged floating tube bridge
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Floating bridge - curved
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Floating bridge - straight
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Floating bridge - straight
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P h dasSe: 4 Statens vegvesen

Further developing the design basis.
A few examples:

N\

e Wind, waves, currents and temperature measurements.
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Phase: 4

Further developing the design basis.
A few examples:

Vehicle-bridge motions: comfort and safety.

y(t) = sin <v(;) ‘ 21‘[> Z sin(w,t + Yy,)

n
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Further developing the design basis.
A few examples:

o Fatigue load model: traffic measurements.

Real traffic ? Measurements Load models

“Table 4.7 - Set of equivalent lorries

Vehicle Length VS Weight

VEHICLE TYPE TRAFFIC TYPE
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Vehicle Length (m) s oy L L m 360 | 130 B

= a0 | o0 ¢

e Type 4 eType5 130 | &0 ¢
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Further developing the design basis.
A few examples:

o Ship impact: risk and consequence.
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Further developing the design basis.
A few examples:

o Bedrock and bathymetry investigations.
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Bjarnafjorden
Phase: 4

Further developing the design basis.
A few examples:

o Wave model tests

3
‘;:—"‘. ; : - -
6DOF dynamometer I

Aft accelerometer 6DOF dynamometer

01.11.2018
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Phase: 4

Further developing the design basis.
A few examples:

e Wind model tests: skew winds, static coefficients.

15 500
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o
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3 500 +
3 ] L |
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2 yy % 33% i g
'\ Py N 4
s B AA A AAAAAAAAAAAARANAAANAAACALNAAAAANAALA LA RA 17 o
3 S X '“'ﬂw P, 74X [ g # 2 N 7N =
- 5 | 5 > & -
= ~— | e e po s |
3 P P o 4 s VY S 3
- Q AL SN ASLRLARLALSAANDRASNSSS S LD [
7250 I 0500 T 125
1,000
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P h dasSe: 4 Statens vegvesen

Further developing the design basis.
A few examples:

N\

e Wind and wave-induced-turbulence

...| 2008 1 2009 | 2010 | 20112012 | 2013|2014 | 2015|2016 | 20|j7 2018 l 2019 ...
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Further developing the design basis.
A few examples:

Dynamic buckling on a curved floating bridge

currents

...| 2008 1 2009 | 2010 | 20112012 | 2013|2014 | 2015|2016 | 20|i7|2018|2019...
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Dynamic buckling

Eurocode 3 - Static buckling curves

1,1

1,0
\§tao\
0,8 Sh)
| \\}\ \\ Ner = 0.1 X Ny pa
ti 0,7 By N
V\\\\\\
£ os \\\i\
g o4 AN AN
= SO Bridge
; S g
SN V
\-_"‘"---...__
0,1

00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30

Non-dimensional slenderness A
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Dynamic buckling
Direct resonance VS Parametric resonance

fload — fnatural

Response:

o
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Direct resonance VS Parametric resonance

fload = 2X fnatural

Response:

increasing
exponentially

...| 2008 1 2009 | 2010 | 20112012 | 2013|2014 | 2015|2016 | 20'i7|2018|2019...



Bjornafjorden %
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Generalized equation of motion

geometric stiffness

'
My + Cy +(1?—1?G1v(t))y = F(t)

Axial force: Generalized geometric stiffness: Critical axial force amplitude:
L ~
- 2 K
N(t) = Acos(Zwyt) K¢ = J ((P,(x)) N(x) dx Acr,harmonic = 4‘Z1~('_
0 G

Instability regions

¢ =005 . . .
0.5 T i Dynamic buckling, as a parametric
o4l excitation, depends on:
03} - Stiffness & geometric stiffness
= - Axial force amplitude, frequency
021 and duration
01| - Damping
O L 1 L 1
0 0.5 1 1.5 2 2.5
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Dynamic bUCinng Statens vegvesen
Harmonic loads & response.

N\

=== = Ccompression

15t mode === = tension
2nd mode

R =

Axial force modelled as: AT (t) + modal kinematic constraints

AT T
S v'n‘v NN e

...| 2008 1 2009 | 2010 | 20112012 | 2013|2014 | 2015|2016 | 20li7 2018'20]9...
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Dynamic bUCinng Statens vegvesen
Harmonic loads & response. 15t mode

Axial force amplitude A: Nerstatic ~ 70 MN (compression)

A= 1MN A=2MN
Load period = 54.75 s. Load period = 54.75 s.

2 2
- 4 - =
= 1 E = ¢ £
2 2 = £ 24 [+ 2
g g S Py R R R RS RS A AR SN ) R £
‘E 8 8 ku ”HHW“ il HW‘ W” HW ‘www ”H”;”H‘ ummw Uil ”W (T mumuw MHHH 8
© 2 T -2 ! . B
B & = -1a
< [a) L =)
0 2000 4000 6000 8000 10000 0 2000 40I00 6000 30‘00 10000
Time [s] Time [s]

|

Load period = 54.75 s.

] | \ ;

Load period = 54.75 s.
[ I | [ [
4

=N

% A DN DA & é E \HH‘HLHN J\h\!\mmﬂmu !\l”\\h\HHﬂU" BT " g
£ 5 T ——— 8 §_2 @ I N
_4}> 20200 4000 60“00 8000 10('[>00 L-2" _ 0 20‘00 4000 so‘oo 8000 1ooo -
Time [s] Time [s]

Ao ~ 2.4 MN
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Harmonic loads & response.

Acr,harmonic

MODE fn[HZ] T [s] [MN] Damping
(1% damping)
1 0.0091 109.9 2.4
2 0.0169 59.2 3.9
3 0.0306 32.7 6.1
4 0.0444 22.5 9.5
5 0.0644 15.5 12
6 0.0821 12.2 16
7 0.1033 9.7 60
8 0.1105 9.0 27
9 0.1399 7.1 50
10 0.1689 5.9 90
11 0.2035 4.9 160
12 0.2393 4.2 280

...| 2008 1 2009 | 2010 | 20112012 | 2013|2014 | 2015|2016 | 20|i7|2018|2019...
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Stochastic loads & response. Stability criteria.

Standard deviation of the
axial force, for mode m

T

GN,m < yAcr,harmonic,m

Yy =05

...| 2008 1 2009 | 2010 | 20112012 | 2013|2014 | 2015|2016 | 20'i7|2018|2019...
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Dynamic buckling

L7

Statens vegvesen

Stochastic loads & response. Worst cases of 100,000 simulations.

PV: Axial force variation
(narrow band at 2 f,)
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Dynamic buckling
Stochastic loads & response. All 100,000 simulations.

Gumbel plots

o
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Gumbel plot Gumbel plot Gumbel plot
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Applying the criteria. Modal frequency ratios.

MODE 1 2 3 4 5 6 7 8 9 10 11
1
2 1.85
3 3.35  1.8]
4 4.86 2.62  1.45 Example:
mode 9 ~ 7sec _
5 7.04 381 210 1.45 mode 5 ~ 15sec ? excite
6 8.98 485 2.68 1.85  1.27
7 1130 6.11 337 233 160 1.26
8 12.09 653 361 249 1.72 135  1.07
9 1531 827 457 315 217 1.71 136  1.27
10 18.47 998 552 380 262 206 1.64 1.53  1.21
11 22.26 12.03 6.65 458 3.16 2.48 1.97 1.84 1.45 1.20
12 26.18 14.15 7.82 539 3.72 292 232 217 1.71 142 1.8

mmmm  Frequency ratios close to 2

...| 2008 1 2009 | 2010 | 20112012 | 2013|2014 | 2015|2016 | 20'i7|2018|2019...



Dynamic buckling
Applying the criteria. Modal frequency ratios.

MODE 1 2 3 4 5 6 7 8 9
1
2 1.85
3 3.35 1.81
4 4.86 2.62 1.45
5 7.04 3.81 2.10 1.45
6 8.98 4.85 2.68 1.85 1.27
7 11.30 6.11 3.37 2.33 1.60 1.26
8 12.09  6.53 3.61 2.49 1.72 1.35 1.07
9 15.31 827 457  3.15 2.17 1.71 1.36 1.27
10 18.47  9.98 5.52 3.80 2.62 2.06 1.64 1.53 1.21
11 22.26  12.03 6.65  4.58 3.16 2.48 1.97 1.84 1.45
12 26.18 14.15  7.82 5.39 3.72 2.92 2.32 2.17 1.71
M= Frequency ratios close to 2
mmmm  Modes with anti-symmetric axial force distributions

o

Statens vegvesen

10 11

1.20
1.42 1.18
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Dynam|c bUCkIIng Statens vegvesen
Applying the criteria. Example.

Axial force response: Band pass filtered response:

Variation of axial force in time for seed ULS02_seed01_group02

Most severe

environmental Z> ' i
conditions for : | Z>

A .y v Cn oy n —axial force SD. n
- 0, ] -~ . ! . .
cr,n cr,n,1% damping 001 Ql—danunngraU017

Force [MN]

Adjust for damping n:

Stability criteria: | oy n <0.54. 4
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Choosing a floating bridge concept

A

e %

Al ive 1
te r n at Ive g gq:?:t:k}‘:tt % 'ﬁﬁ4ﬁ!{.5::!ff}“%

Alternative 2 : \VAPEY
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Alternative 4 /
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Choosing a floating bridge concept

1st — Alternative a

2hd — Alternative c

Consultant group X : [
group 3rd — Alternative b

4th _ Alternative d

1st — Alternative ¢
2nd —"Alternative a
3rd - Alternative b
4th — Alternative d

Consultant group Y

...| 2008 1 2009 | 2010|2011 | 2012 | 201312014 | 2015|2016 | 2017 | 2014 | 2019...'
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Choosing a floating bridge concept

1st — Alternative g

Consultant group X

Consultant group Y

— Alternative d

...| 2008 1 2009 | 2010|2011 | 2012 | 201312014 | 2015|2016 | 2017 | 2014 | 2019...'
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Good luck, dedication and
inspiration for the next
phase!
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Thank you for your attention.



