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Key Data

Highly skilled

5% Ph.D. /70 % M.Sc.
15 % B.Sc.

Turnover:
600 MNOK / 70M 0 (16)

Owners: Employees

Main office: Oslo (140), Norway

Trondheim (35), Bangkok (70)
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Company structure

Bridge department
Infrastructure department
Building department
Marine department

Storda and Bgmla bridge

Stonecutters. HK, N(:hgcking team

@AAS-JAKOBSEN Nordhordaland
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Bridge experience

Cantilever

Floating

Network

Suspension

Cable stayed

Brandangersundet, Norway
2 N N A\ K »Ya3
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Chacao bridge - Chile

12 3 A 5 6 78,910 11
o ! | { 1171
e e 1 RO | L
& 1 - T s —
PUERTO = o ANCUD
MONTT BOUND 324M | 1155M 1055M 220M BOUND
2754M

Location: Chile

Spans: 1155m + 1055m

Pylon height: 157m-199 m

Girder Dimension: 23.8m x 3.27m.
Deck elevation: 50m
U_10min_100y = 42.5 m/s

To o To To Io Do

A Flutter criteria: 63.5 m/s
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Canakkale 7 Independent Design Verification

Main span: 2023m

Total length of bridge deck: 3563m
Approcah bridges: 365m(Europe) + 680m (Asia)

Tower height: 318m
Navigational channel: 1600m x 70m
Design code: Eurocode + lokale krav

Opening: 2023
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The E39 project 7 and its major bridges

o

Statens vegvesen

Norwegian Public Roads
Administration
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Norway and the E39
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E39: 1100km. Today: Ferry, 21h
Ferry-free => 11h ===C Save 10h!
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E39 1 Criteria and challenges

E39 17 1100km highway with speed limit110km/h
. . Halsafjorden
7 large fjord crossings jsncet  \
. Romsdalsfjorden 7 A" R
Properties: Suaforden LTINS
i Width: 2-7.5km Vardasforden , 5 S0 ot VA
i Depths: 300-1300 m Nordfiorden - ZF = N
i Different climate with varying intensity P—— e “
A wave e
A wind \_ ‘
Bjornafjorden }E _ - : & ) \

A Current
Langenuen " \ 1’ \\‘ AN N

I Some fjords have large vessel traffic
A Navigational channel needed, typical (dep. on type of
Boknafjorden Z 1’{_

G

vessels)
Today: low traffic volume, but will increase significantly when -

E39 is finalized

Designed for 100y lifetime:
A Typical mean wind speed at deck level : 40m/s

A Gust speed: 54 m/s
A Some of the floating concepts shall withstand 10m high

buildings.
" n
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Bridge crossings 1 summary (Fjord width and depth)

Fjordkryssingane

(Breidde og djupn)

Halsafjorden, 2 km, 5-600 m

Romsdalsfjorden, 15,5 km

Undersjgisk tunnel 350 MUH + 1,6
km bru, 5-600 m

Sulafjorden, 3,8 km, 500 m

Vartdalsfjorden, 2,1 km, 600 m

Nordfjorden, 1,4 km, 500 m

Sognefjorden, 3,7 km, 1250 m

Bjgrnafjorden, 5 km, 5-600 m
/

Langenuen, 1,3 km, 500 m

Boknafjorden, Rogfast undersjgisk
tunnel pa 27 km, 390 MUH

Halsafjorden
Julsundet
Romsdalsfjorden Q
Sulafjorden -
Vartdalsfiorden . ('S
) [y
Nord ~-_ = Hafast
Sognefjorden S ORD
R L)
-\\.
N
Bjgrnafjorden =, 1‘
Langenuen (3 +) Hordfast
Boknafjorden/" . . A
Z 7} Rogfast 4t n
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E39 17 Boknafjorden (Rogfast)
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27km long tunnel. Twin tube with profile T10.5.
Estimated cost 16.8 billion NOK

Rated as the most profitable infra structure project in Norway
Approved in Parliament in May 2017
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E39 1 Langenuen (Hordfast)

A Suspension bridge with main span of approx. 1600m
A Bridge needed to access Bjgrnafjorden
A Currently investigating concepts. Tech Status unknown.

& AAS-JAKOBSEN

Boknafjorden ‘
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Romsdalsfjorden MOLDE TR~
Sulafjorden
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Fip'n
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\j
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E39 1 Bjgrnafjorden (Hordfast)

Halsafjorden
Julsundet

Romsdalsfjorden

ORE 5
Sulafjorden ID D \\\\ )
e L S -
Vartdalsfjorden 7 )

Nordfjorden ~a

Sognefijorden J FORDE

Bjornafjorden

Boknafjorden ,,
—
R
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E39 Sognefjorden

3

Halsafjorden /

A Fjord width 3800m. 1300m deep fjord. Difficult to Manda ,\( e

Romsdalsfjorden ; <
C ro s S . Sulafjorden N :"\;_\\
L3

A Project in concept phase. ‘
Nordfjorden

A If built it will most likely be the last large bridge wa——
structure on E39

7

Bjornafjorden

Langenuen ~

Boknafjorden Z
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E39 - Nordfjorden

A Concept most likely Suspension bridge.
Main span 1600m
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Halsafjorden
Julsundet

Romsdalsfjorden
Sulafjorden

Bjornafjorden ‘=,

Langenuen 7} '

Boknafjorden Ny

STAVANGER
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N

E39 1 Vartlf'orc_la (Hfst)

S
Halsafjorden 1 //
This bridge is needed to access Sulafjorden. | dnce | \e SRS
. Romsdalsfjorden oL ﬁy\\\ WL X
Concept development onging: Suagorden—L [Ty J

Comssmem A
- Suspension brdige: Main span: 2250m. Double deck M,_,{ : =
|

- TLP st 5 S ; j
- Floating ) WK{\ {

Bjornafjorden :

Langenuen ~7
&

Boknafjorden

&
A

Wind and wave measurements ongoing

.\ "
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E39 - Sulafjorden T several concepts. Here, two is
shown. (Hafast)

Main span: 2800m
Pylon height: 400m
Twin -box: 12+9+16m

Halsafjorden

Julsundet \ " 'TRO W’{;«mﬁ‘ 1M
Romsdalsfjorden SE TR~ SIS
= bd

"z

Sulafjorden DN -
) ~ e K/ ==
S L =
Nordfjorden 72 A
Sognefjorden S  FORDE
. A\ ‘(
Main span: 2x2050m WA
Pylon height incl GBS: 734m )3 Lt o
Depth: 450m A . Blomafiorden = A /N
o y, N 1 S ' b {11 Langenven 33 S
[l Boknafjorden " e b i
= Cd = J /7 \.. :1
"?ﬁ / Z 3\ i NN [
r,!‘ ) L
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Suspension bridge crossing Julsundet.
Main span: cal625m

Bridge girder: ca 32m x 4m

15km tunnel under Romsdalsfjorden
Estimated cost for project 16 billion NOK
NPRA has concluded on the design.
Wind measurements at site ongoing.
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E39 Halsafjorden

Julsundet !

Multispan suspension bridge, same principles as Romsdatsfocen Dy
Bjornafjorden.
Main span: 2x1200m Nordorden g2}
Navigational channel: 55m+ %—x
Water depth: approx. 500m

: . . Bjornafjorden 2“7 1
Bridge girder: approx. 30m x 4m o
Wind and wave measurements at site ongoing WY
Concept development currently ongoing 1
@ AAS-JAKOBSEN
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LV

Statens vegvesen

Norwegian Public Roads
Administration

Bjgrnafjorden concepts

Multiconsult % AAS-JAKOBSEN B& AkerSolutions
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Bjgrnafjorden

YTREBYGDA

Kallestad Blomsterdalen

va
¥ Skogsvag

Glesveer

Bakkasund
Hundvéko

Toranger

Storebe

Haukanes

Kolbeinsvik Huftargy

Bekkjarvik Vinnes

Vage
Gauksheim
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B e, M.

— Tp=3s. Hs=0.9m
— Tp=As, Hs=1.6m
Tp=5s. Hs=2.5m
I'p=6s. Hs

3.0m

12s, Hs=0.4m
145, Hs

0. 4m

165, Hs=0.1m

12
10
- N
:
Radal o™
g
o6
w
= 4
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x
E 7
] A
p4 N
/
/ \
B o N
Osoy
g /5" { 5
Hagavik
Halhjem
%o,
‘3
5 k /(‘f'c'r_,,,
Nordtveitgrend
Lundegrend
Vage

Table 4 Typical design wind speeds

100 year return period

1 hour mean 10min mean
z=10 m 29.5 m/s 32.1 m/s
z=60 m (deck level) 37.2 m/s 40.5 m/s
z=200 m (pylon top) 43.1 m/s 46.9 m/s

15
Period (s)
Halsafjorden
Julsundet
Romsdalsfjorden )
Sualorden BT
Sulafjorden N
Sl S CUN O
Vartdalsfjorden S "
4—‘ ~N
Nordfiorden == 2
Sognefjorden F
gnelj S

Bjornafjorden

Boknafjorden Z

20 25

W




Typical weather
window for inst. in North
sea: H  <2.5m

Typical environmental loads

Wind at deck level (1 hour mean): Important frequencies
1y: 271 m/S [Towers and
100y :  37.2m/s |, =14 % (Par Sen—_—s
|Long=Spanj
“Bridges
Wind driven wave: | Suidinge |
ly: H,:081 1.5m/T,=401 53s Ldacr:t: G'I*avnv_!
100y HS . 15 '|' 28 m / Tp: 50 '|' 66(§ Surhe, Swaty Heave.Pitclh Earthquake
= & Ylaw Periods & Roll Periods Spectrum
ré ot rLPs‘ _f Of TLPs / /
Swell: @ Y
©
ly: H,:0.187 0.26 m/ Tp= 61 20§ Wind S-peci:tm i
100y: H,:0.287 0.40 m/ Tp: 61 20%
._J_—Zj_l_.—_l-.. - B — .
0.001 0.01 0.1 10
Current (0-15m): | Frequencyfz |
ly: 1.00 m/s 1000 100 10 g 1 0.1
100y: 1.40 m/s Period, sec. O F
Tl
O
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Bjgrnafjorden T The concepts

;
Halsafjorden /

Julsundet \\ @ -
J RO A
Romsdalsfjorden N !’ \\\M @
IC '\\

N

Sulafjorden
Vartdalsfjorden

Nordfjorden

Sognefjorden
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The Submerged Floating Bridge
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The submerged floating bridge

y 4

.- --t _ H . ' .m = ] Ermegany/sary k:agaallery
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Freq=0.01546[Hz] T=64.68]s]

Key technical aspects g

0.0 0.2 0.4 0.6 0.8 1.0

0 L L L I . 1 L 1 1 " 7 an«;0.0207:&sz" T=33.63]s]
10 - 9 \MM
Wind wave (Tp =5.5 sec) - ‘ e
- Freq=0.04402[Hz] T=22.72s]
£ 20 4
- g pregnctin toe mote 3
% Swell (T, =14.0sec)
° ] | -
S
- . 2
g 30 1
N>
50 - /

Vibration periods: | & ol

Tether supp.: T=64sand lower . ——
Pontoon supp.: T=69 s and lower

Vert. motion in SLS < 0.05m/s? &
Hori. motion in SLS < 0.10 m/s2 .

9 AAS-JAKOBSEN ¢ " e
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The Floating Bridges
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Floating bridge i End Anchored and Side Anchored
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Side anchored - modelling

Beam 2D elements

BC: 5DOF fixed,
Free to translate longitudinal

Tension only cable element

BC: 6DOF fixed
Node with hydrodynamic —)
and hydrostatic properties A

———
—_—
BC: 3DOF Connection;
Vertical, transverse and
Catenary element with / \\ torsional bearing
Morison hydrodynamic Ioading///‘
2
e o shgne vode Hesdenyg 41 WAVED CAL saane
¢ ® >
e o ey e
- e
- | A, -
- - "
o ™ "ee
. ‘ Lol ez
| P - ‘.. -~ ’
. .
g b gl
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Side anchored 1 vibration modes

e Mode 7
Mode 9___
Mode 10
,_mg![gm,,n Mode 12
. el 2111 e
i i

& AAS-JAKOBSEN

Eigen modes calculated including hydrodynamic added mass are given in th

Period Frequenzy X ¥ Z RX RY
Mode
[5] [Hz] [%] [*a] [*] [*] [*]
1 7B.25 0.0128 0 100 0 0 [
2 11 0.0140 0 100 0 0 [
3 40.78 0.0245 0 99 0 0 [
4 3248 0.0308 0 o9 0 1 [
5 2344 0.0427 0 o8 0 2 [
& 17.69 0.0565 0 97 0 3 [
7 1409 0.0710 a7 0 3 0 [
2 1409 0.0710 0 82 0 17 [
9 13.06 0.0766 0 37 1] 63 [
10 1145 0.0873 35 0 63 0 y
11 11 32 0.0284 0 14 0 86 [
12 10.92 0.05916 0 0 100 0 [
13 10.89 0.0918 2 0 o8 0 [
14 10.88 0.0919 0 90 0 g [
15 10.87 0.0520 1 0 o8 0 [
16 10.87 0.0920 0 0 100 0 [
17 10.84 0.0522 1 0 99 0 [
18 10.76 0.0530 9 0 o0 0 ]
15 10.66 0.0538 3 0 a7 0 ]
20 10.50 0.0852 8 0 91 0 ]
21 10.32 0.0%69 5 0 o4 0 ]
22 10.02 0.0598 7 0 92 0 ]
|
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Side anchored i location of anchors

BE71000

€672000

6652000 6571000
6569000 6670000

6668000
I

6668000

6667010
8667000

207000 298000 2239000 J00Co1
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End anchored - optimization

g 3
Al g
15 500 o © 12 100
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Figure 2-2 Chosen general cross-section

31m

Normal stresses (MPa)

300

250

200
150
100 [
50 . .
0

Strong axis bending Weak axis bending .

W 100 m pontoon spacing W 150 m pontoon spacing

% AAS-JA KOBSE N Figure 2-3 Stresses from wind sea for two different pontoon spacings
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End anchored - optimization

Steel quantity as function of span (ton) g | o | e
_ - U AR
o Ctoc| girder  emmm Steel girder minimum s Stee| pontoons Sum steel 3 HHA—;:—HHH
] [i1 iiFe 3d00d 11 14 Daso 'Eopp |
ST Seonue
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Figure 2-4 Estimated steel weight as function of span length
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Mode comparison i Side vs End anchored

End anchored: T= 48s and down

Side anchored: T= 78s and down

Mode 7
Mode 9

o, Mode 10
:Ij i e B S Mode 10

M, MOde,_,lz ‘ :

| I\"Io'de'lf.s - Mode 11 . .

Mode 15
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