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1.1 CONSTRUCTION TYPE

The bridge is designed as a prestressed bridge with two spans and constructed with two main

girders.

All abutments have bearing.

End abutements have moving joints.

All foundation are carried out with concrete piles.

Link plates are installed at each support.
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1.2 MEASUREMENTS

1.2.1 Theoretical geometry

PLAN
Overview
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TOTAL BROLANGD | 5L 625 m

A

SECTION A-A
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1.2.2  Simplified geometry (used for calculatuons)
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Pretensioned double girder bridge
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SECTION B-B

At support in middle.

DETAIL 1
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Pretensioned double girder bridge
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SECTION C-C
At end supports.
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1.3 FOUNDATION

Foundation consists of concrete piles Hercules HP270-0816 (SP3).

Support1 | Support 2 Support 3
Section 14/531 14/557 14/583
Level PPL +14.08 +14.29 +14.57
Level bridge center +14.03 +14.24 +14.52
Level bottom of slab |  +7.60 +3.50 +8.09
Level top of piles +7.80 +3.70 +8.29
Level bottom of pile -13.5 -9.0 -4.0
Pile length ~21 ~13 ~12
- m m m
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4 CODE DOCUMENTS
Documents Version Name

SS-EN 1990-1997
TRVINFRA-00226

TRVINFRA-00227
TRVINFRA-00228
TRVINFRA-00331
TSFS 2018:57
TDOK 2013:0667
TDOK 2013:0668

AMA Anlaggning 23

TDOK 2023:0125
SS 137006:2015

2.0
2.0

2.0
2.0

2.0

2.0

Svensk Standard Eurokod 1-7

KRAV, Bro och broliknande konstruktion, Allménna
krav

KRAYV, Bro och broliknande konstruktion, Byggande
KRAV, Bro och broliknande konstruktion, Brounderhall
KRAYV, Bro och broliknande konstruktion,
Barighetsberékning

Transportstyrelsens foreskrifter och allméanna rad om
tillampning av eurokoder

Trafikverkets tekniska krav for geokonstruktioner. TK
Geo 13

Trafikverkets tekniska rad for geokonstruktioner. TR
Geo 13

AMA, Svensk Byggtjanst

TRVAMA Anlaggning 23
Betongkonstruktioner — Utférande — Tillampning av SS-
EN 13670:2009 i Sverige
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1.5 TECHNICAL SERVICE LIFE

Technical life span 120 years ( L100 ).

1.6 ENVIRONMENT

Exponeringsklasser ar bestdmda enligt TSFS 2018:57avsnitt 5.3.2.3 samt SS-EN 206-1.

In TSFS 2021:57 figure 1.1, the road environment is defined according to the figure below. Which
means that the superstructure including edge beam is withinthe area+= 9m (.. 6m +6.5m/2
from the center of underlying road.

Vigbanekam
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1.7 MATERIAL

Concrete : C35/45 & C40/50 ( CEM 142.5 N, Anlaggningscement klass N )

Reinforcement : B500B

Compacted fill : "Fortarkningslagermaterial”” according to AMA CEB.415

Backfill : ”Grovkrossad sprangsten” according to AMA CEB.524

Surfacing : 5 mm waterproofing mat, 50 mm PGJA and 40 mm ABS (total 95 mm).

Pretension: VSL 15416 ( fyx/ fux = 1640 MPa/1860 MPa )

Concrete (see SS-EN 1992-1-1, Table 3.1): C35/45 (fek = 35 MPa ) for superstucture

C30/37 (fex = 30 MPa ) for substructure

Reinforcement ( SS-EN 10080 & SS 212540): K500CT ( fyk = 500MPa)
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1.8 GEOTECHNICAL CLASS

Geotechnical class GK2

1.9 SAFETY CLASS
Geotechnical resistance: SK 2
Bridge structure : SK3
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1.10 CONCRETE COVER AND CRACK CRITERIA
Class identification bridge components. .
Bridge components Exposure class™ Life spann max VCteky?) ¢
Substructure incl. linkplate:
= Wingwall towards filling XD1/XF4 L100 0.45 1.5
= Wingwall from filling XD1/XF4 L100 0.45 1.5
= Abutment below ground XC2/XF3 L100 0.50 1.0
= Abutment in air XC4/XF3 L100 0.50 1.2
= Bottomslab in general XC2/XF3 L100 0.50 1.0
= Bottomslab underside XC2/XF3 L100 0.50 1.0
o Linkslab in general XD3/XF2 L100 0.40 1.8
= Linkslab underside XD3/XF2 L100 0.40 1.8
Superstructure:
= Edge beam XD3/XF4 L100 0.40 1.8
= Bridge deck XD1/XF4 L100 0.40 1.5

Footnote:

1) TRVINFRA-00227 section 5.3.2.3

2)  TSFS table 12.1
3)  TSFS table 12.3
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Cmin.dur > minimum cover with regard to environmental impact
Cmin.b - minimum cover with regard to adhesion requirements
ACdev : execution tolerance
Cmin = MaX (Cminp:Cmin.dur; 10mm)  : SS-EN 1992-1-1 eq. 4.2
Crom = Cmin + ACgeyp : SS-EN 1992-1-1 eq. 4.1, noted as BM on the drawing

Construction part Crmin.dur™ | Cminb®) | Crmin Caev™) C nom Wi till +)

Substructure including link slab:

= Wing wall against fill 30 20 30 10 40 0.20

= Wing wall from fill 30 20 30 10 40 0.20

= Frame legs below ground 20 20 20 10 30 0.40

= Frame legs above ground 25 20 25 10 35 0.30

= Bottom slab (general) 20 20 20 10 30 0.40

= Underside of bottom slab 20 20 20 10 30 0.40

o Link slab (general) 45 20 45 10 55 0.15

= Underside of link slab 45 20 45 10 605) 0.15

Superstructure:

= Edge beam 45 20 45 10 55 0.15

= Bridge deck 25 20 25 10 35 0.20

- mm mm | mm mm mm mm

Footnotes:

1) TSFS table 12.1

2)  SS-EN 1992-1-1 section 4.4.1.2 table 4.2

) SS-EN 1992-1-1 section 4.4.1.3

4)  TSFS tabele 12.2

%) TSFS chapter 12 paragraph 38§ ki= Cmin + 15 mm vhen casting against building foil.
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Cmin.dur

Cmin.b

ACdev

Cmin = Max (Cmin.b;cmin.dur; 10mm)
Cnom = Cmin t ACdev

- minimum cover with regard to environmental impact

> minimum cover with regard to adhesion requirements
: execution tolerance

: SS-EN 1992-1-1eq. 4.2

: SS-EN 1992-1-1 eq. 4.1, noted as BM on the drawing

Construction part Crmin.dur™ | Cminb®) | Crmin Caev™) C nom W till +)
Superstructure:
= Top bridge deck 25 90 90 10 100
= Other part of bridge deck 25 90 90 10 100
mm mm | mm mm mm mm

Footnotes:
L) TSFS table 12.1

2)  SS-EN 1992-1-1 section 4.4.1.2 (3) specifies pretension tube ¢90

%) SS-EN 1992-1-1 section 4.4.1.3

4)  TSFS table 12.2 states that crack width is not needed when “tensile stress” for SLS-F

is less than fe.0.05/C
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2.1 GENERAL

The bridge is built using pretensioned concrete in longitudinal direction. The bridge has 2 girders.

The bridge is curved with radius 1200 m with skewed support lines.

The system analysis is performed using a simplified geometry.
The bridge is founded on concrete piles.
Supports 1 & 3 have movable bearings in longitudinal direction.

Support 2 has fixed bearing in longitudinal direction.

Edge beams are not modelled statically since considered inactive. This assumption is considered
on safe side. The assumption will facilitate future replacement of edge beams.

The superstructure consists of components bridge deck, longitudinal girders and transversal

girders at each support.

Bridge deck is defined by using shell elements applied to nodal surface in superstructure.

Longitudinal beams are defined using beam elements applied to nodal line in superstructure.

Transversal beams defined relative nodal surface in superstructure.

Longitudinal beam will be connected to bridge deck using Rigid constraints (= Tied Mesh).

Entire structure is modelled using isotropic material.

The bearings are modelled as Joint elements with no rotational stiffness.

At each support, “super-nodes” are introduced at the level of the UK bearing. These “super-nodes

are rigidly connected to each bearing to obtain reaction forces at each support.

”

File : A2 System analysis
Datum : 2025-12-19
Tid : 22:22




Part A— CALCULATION ASSUMPTION

Pretensioned double girder bridge

Status : Page:
A2:3
Date: Created:

OVERVIEW

Appendix | Namn

1 Input recipt
Results reactions
Results bearings
Resuls longitudinal girders
Results transversal girders
Results bridge deck
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2.2 SKETCH SYSTEM ANALYSIS

2.2.1 Geometry

To describe geometry first POINTS are defined.
Beam elements are defined by applying attributes to LINES.
Shell elements are defined by applying attributes to SURFACES.

Attached pictures are retrieved from graphical sketches generated by FEM-program of POINTS, LINES
and SURFACES.

All coordinates needed to describe POINTS are found in attachment 1.
All POINTS needed to describe LINES are found in attachment 1.

All LINES need to describe SURFACE are found in attachment 1.
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Overview:
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2.2.1.1 Geometry : POINTS
Bridge deck (nodal surface):
. P50 P48 P54
f’/ P222 A’1 79 /%268
ﬂpzaa P103 123
HP224 P202 Jp269
.JI/F'297 J P296 ]$é312
[/p230 p2a1 ézse
//P266 P69 I pag
[lp2as po74 r/ézm
[lps1 P4g [#s5
Transversal girders:
P50 P54
[P222 I;“JP268
;sts ,P103 {P123
}P224 [P202 /P29
;PZQ? 13295 [pat2
Jp230 I,"’sz [p2s9
/P266 P69 /P89
/P245 ;PZGT
/P51 lpss
Longitudinal beams (nodal line 1-2):
P135 P137 P138
P130 p132 P133
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Bearings and supernodes:

,P138
lP153

™ _,P133

1P147

£ LI

-
wwm

130

1P143

,P137

1P151
|' P132
IP145
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2.2.1.2 Geometry: LINES
Bridge deck (nodal surface):
1 55 1 56 .
| 151 /"1 8 1191 /L' 59
1186 JL129 1187 Jl190
= L138 [216
L155 ,/'-?‘“ 1193 /?258
1 238 /i_'24U L25S /!{257
1211 1212 P
£214
| 196 /L209 | 197 /;’222
L203 A
1 220 / L207 !
1206 I‘tzzi
1 59 / L60 [
Transversal girders:
/ U_LIS r."U 89
L178 ,'!_ 190
ok L138 /L2186
fL243 241 fL258
fL2a2 ) HLo57
.'L1BL‘I ."LP_OS ;‘L_?M
fL183 * fL222
fL221
[L167
Longitudinal girders (nodal line 1-2):
1100 1101 1102 L103
L96 L7 198 LS9
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Bearings and supernodes:
rF L I L107

1 L108

I L105
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2.2.1.3 Geometry: SURFACES
Bridge deck (nodal surface):
$15 s7 s8 $22
$ie S5 / S6 5
i == / s
s41 $33 y s37 $45
0 s
$io s9 / 10 99
$20 s11 [ s12 8§27
$21 S14 $26

513
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2.3 CROSS SECTION PROPERTIES

2.3.1 Shell element

Principle figures of geometry associated to shell elements ( Thick shell” / QTS4 ) are seen
below.

Thickness (T

3

Modal Line

Local Surface
(Element) Axes

: :fEcc:erdric:'rty [e] +ve

PlaterShell Centre-Line
(Bending Plane)

Varying thickness in shell element is handled using ”Function variation”. This makes it possible
to create a function f(u,v) as seen below.

flu, v)

V\I/v“
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Surface function thickness :

Variation Funktion(u,v) Remark
tl 0.30- 0.10-v Outer deck left side
2 0.30 Inner deck
t3 0.20 +0.10-v Outer deck right
- M -
Surface function eccentricities:
Variation Funktion(u,v) Remark
el -0.05-v Outer deck left side
e2 0 Inner deck
e3 -0.05 + 0.05-v Outer deck right
- m .
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Qverview

Outer deck |
left (t1) '

Inner deck (f2)

ez(+) |

Section in transversal direction

Outer deck
right (t3)
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2.3.2  3D-beams ( "Thick beam” / BMS3)

Principal sketch of geometry associated to 3D beam elements are seen below.

Beam Centroid
{Banding Plane)

Offset -ve \ —

Beam Local
(Element) Axes

4{ Modal Line
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2.3.2.1 Rigid beams at supports

A fictive rigid beam is introduced at bottom of each support. The beam has infinite stiffness in all

directions.

Analysis category 3D

Definition
(O From library / calculator
© Enter properties

Usage 3D Thick Beam (Any beam)

Reinforcement (only used for RC design checks)

HE 1000 M

100%

None v |
Yy
ezorigin Centroid ~  eyorigin Sameasez v
Value |

Cross sectional area (A) 1,0E3
Second moment of area about y axis (lyy) 1,0E3
Second moment of area about z axis (lzz) 1.0E3
Product moment of area (lyz) 0.0

Torsional constant (J) 1,0E3
Effective shear area in y direction (Asy) 1,0E3
Effective shear area in z direction (Asz) 1,0E3
Eccentricity in y direction (ey) 0.0

Eccentricity in z direction (e2) 00

isualise. .. Section details...
Name | Rigid beam - supports v \ =)
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Qverview
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2.3.2.2 Longitudinal girdes

Determination of cross section properties is performed using function Section Property
Calculator. The girders are defined as an arbitrary section termed " Trapets”.

Nedal |l -4

,} &
— 1
|- 1&\ {‘_ y 7 ?\ ——
C2) A /o
_'r‘ \,&I = jl.( _@/ — e __T."r —"té T}?
q \ Y -‘
TL% 'H‘"'. {Ei:
\ : -
LZeo| oo | leCe | Eo),

Qverview
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Input - arbitrary crossections

Punkt X y
Al 1.50 1.20
A2 -1.50 1.20
A3 -1.00 0
Ad 1.00 0

- m m
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Results cross section
Analysis category | 30
Definibon
(@) From lbrary | caloulator Arhitrary Sections e
Rotation about centroid = @ v ©
Mirrored about axis i
. s 1:Trapets v
i) Enter properties
_AD [4 Al
\ | 1
A3 Al
Reinforcement (only used for RC design chedks)
Nanes
ez ongin | Centroid W EY Origin | Same as ez
Valus
Cross secfional area (A) 30
Sacond moment of arsa about v &0 (lyy) 0.3552
Sacond moment of area about 7 axis (lzz) 1,625
Produet moment of area (vz) 65 B365F-18
Tomional constant () 0,980915
Bfective shear area in y direction (#Asy) 253731
Efective shear area in z drection (fsz) 237684
Eccertricty I y direction jey) oo
Ecceniictyinzdmectionfez 000 || | R
Visuslise. . -  Tapering >> Section details
Mame | Trapets = )
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2.3.2.3 Transversal girders

There are 3 transversal girders (TVB 1, TVB 2 and TVB 3) as visualized below.

Qverview
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Input — cross section

l ¥
._|'|; —
Data TVB
D 1.10
B 1.00
- m
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Result — cross sections

Analysis category | 3D

Definition
(® From library / calculator
Rotation about centroid |0 v °
Mirrored about axis 'None |
(O Enter properties '

3D Thick Beam (Any beam)

Parametric Sections v

'Rectangular Sections v
2:Tvarbak (RSS D=1,1B=1) v
b 100%

51
5
z
Yy
Reinforcement (only used for RC design checks)
INone £
S4
£z origin ‘Cemrcid v ey origin Same as ez | <
Value |
Cross sectional area (A) L
Second moment of area about y axis (lyy) vz
Second moment of area about z axis (1) 0.0916667
Product moment of area (lyz) 00
Torsional constant (J) ~0.16%401
Effective shear area in y direction (Asy) 0916775
Effective shear area in z direction (Asz) 0.916757
Eccentricity in y direction (ey) 0.0
Eccentricity in z direction (ez) 0.7
Visualise... . Tapering >> Section details
Name | TVB hd "3“ (%)
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24  MATERIAL

The transverse contraction coefficient for uncracked concrete is assumed to be 0.2 for uncracked
concrete according to SS-EN 1992-1-1, section 3.1.3 (4). Material properties corresponding to

uncracked concrete are applied to all structural components in the system calculation.

Ecm =34 GPa

Superstructure C34/45 .
Matensl type  Concrets
Country Europe
Standard ENT992-1-1: 200420714
Gradgs C35/45
Properies
Young's modulus

Poisson's ratio

Density

Thermal expsnsion

Mams

C35/45
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2.5

BOUNDARY CONDITIONS

All boundary conditions at each support are modelled as Point Supports.

The boundary conditions in these “super-nodes” are modelled according to a local coordinate
system oriented parallel to each support line as shown in the figure. This is intended to obtain
reactions transformed into the directions of each support line.

Support | Point | Direction TX TY TZ RX RY RZ
1 P154 Local Fixed Fixed Fixed Fixed Fixed Fixed
2 P155 Local Fixed Fixed Fixed Fixed Fixed Fixed
3 P156 Local Fixed Fixed Fixed Fixed Fixed Fixed
- - - kN/m kN/m kN/m |kNm/rad | kNm/rad | kKNm/rad

Bearings are are connected to rigid support beams called "rigid beams-supports."

For these to be able to withstand bearing forces, they must be made rotationally stiff, see page
A2:35-36. This corresponds to RX ="Fixed" and RY = "Fixed."

RZ is "Fixed." This is due to the incline of the supports and the design of the bearings regarding
orientation and placement. To prevent each support from rotating freely under bearing forces, this
"super-node"” must be locked against rotation in the plane, see sketch below.

|:-‘I |l /:l.l |:' ] b .ll.f;;—.r-
a = =
TA # i TA
- g — x‘r
/ T
| o~ 4 il 0 7~ ' - £ -
fY T - "? RZ CAY VR
4‘_: T ‘]:"T ' I| T!-I. ll}'j
W S Y - -
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2/@154
:

Qverview
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Free Fixed Spring stiffness
x O @ O]
Translation in Y O © O |
z O @ O
x O @ O]
Rotation about Y @) ® O |
z O @® O
Hinge rotation © O O |
Taorsional warping © O O |
Pore pressure ®@ O |
Spring stiffness distribution
Stiffness
Stiffness/unit length
Stiffness/unit area
Lift-off ==
Contact ==
Name | Support 1 v @
Supernade - support 2:
Free Fixed Spring stiffness
x O @ O
Translation in Y O @ O |
z O @ O]
x O @ O]
Rotation about ¥ O ® O
z O @ O]
Hinge rotation © O O |
Torsional warping © O O |
Pore pressure ® O |
Spring stiffness distribution
Stiffness
Stiffness/unit length
Stiffness/unit area
Lift-off ==
Contact ==
Name | Suppart 2 v @
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4nalysis category | 3D

Free

x O

Translation in Y O
z O

x O

Rotation about Y O
z O

Hinge rotation @
Torsional warping ©
Pore pressure @

Spring stiffness distribution
Stiffness
Stiffness/unit length

Stiffness/unit area

Lift-off ==

Contact >>

Fixed Spring stiffness
Ol
Ol
Ol
O]
Ol
Ol
Ol
O]

|

O00e®e©® 0 ® ®@®
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MESH

2.6

Shell element ( QTS4 ): linear

2.6.1

Bridge deck is model using shell elements.

below.

IVISIONS as Seen

Shell elements are modelled with various subd

y-divisions

X-divisions

52

52

Type

Element 1 x 3

Element 1 x 4

Element 52 x 3

Element 52 x 4
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2.6.2

Beam element (BMI21) : linear

Longitudinal & transversal girders in superstructure are modelled using beam elements. This also
applies to rigid beam at supports.

Beams elements are modelled with various subdivisions as seen below.

End release: |End release:
Name Divisions | Start End Structure
Element 1 1 None None Girder
Element 3 3 None None Girder
Element 4 4 None None Girder
Element 52 52 None None Girder
Support 1 None None Rigid beam support
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2.6.2.1 Longitudinal girders
b ool
F 4
Lo
Lo
e
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2.6.2.2 Transversal griders
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2.6.2.3 Rigid beams at supports

Bearings (joints) are conected to boundary supports (”supernodes”) with fictious rigid beams as
seen below.

LB1 LB2

z {w]\:

z (w)‘_

) x (u) . x (u)
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2.6.3  Joint elements between points (JNT4): linear

Bearings are modelled using joint element, see presentation below.

Element type: Joint no rotational stiffness

Assignment type: Between two features (manual)

Mesh direction: Nodal line (master) — Node rigid beam (slave)

Element Name

Yy

xu

Zw

Element Group

Element
Subgroup

Element
Description

Number Of
Nodes

Freedoms

Node
Coordinates

JNT4

Joints

3D Joints

A 3D joint element which connects two nodes by three springs in the local x, y and z-
directions

4. The 3rd and 4th nodes are used to define the local x-axis and local xy-plane

U, V, W: at nodes 1 and 2 (active nodes)

X, Y, Z: at each node

Material u (X) v (Y) w (Z)
Joint material - TF 1E+06 1E+06 1E+06
Joint material - TA 1E+06 0 0
Joint material - TE:X 1E+06 1E+06 0
Joint material - TE:Y 1E+06 0 1E+06
- kN/m kN/m kN/m
Remark

The local coordinate system in rigid beams is denoted x(u), u(v), and z(w).
The global coordinate system is denoted X, Y, and Z.

These two coordinate systems differ from each other. When describing bearings, the local coordinate
system is applied.
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LE1
= LB
TA | ¢
[ TE-X
TEY | "
ik ! TF
[
TA |
:;:rTE-:-:
PLAN

Overview bearing types
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Bearings_ - support 1:
LB1 LB2
Z
viy)
‘ .
TA

LB1 LB2
Z
V(VL -5 w(z)
u(x)
TEY TE
Bearings._— support 3:
LB1 LB2
Z
W wi
u(x)
TA TE:X
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2.6.4  Stel anslutning ( Tied Mesh )

Deck is modelled as shell elements. They are defined by nodal surface.
Ribs are modelled as rectangular beam elements. They are defined by nodal lines.

Longitudinal girders are tied to bridge deck using constant constraints.

Longitudinal girder are master nodes.

81" "LB1-2 LB2-1 ™

Connection Tied Mesh”: type Rigid constraint

Tied tesh
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Overview
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2.7 SEARCH AREA

Discrete load can be applied to structure as geometrical load areas. In FEM-program load areas are

termed Search Area.

Search area : Bridge deck
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2.8 SLICE RESULTANTS BEAMS/SHELLS

Slice resultant beams are needed at location of all girders.

2.8.1 Longitudinal girders

Equivalent forces will be determined at the 8th subpoints for each main girders. This is done by
examining the load effects in the Nodal surface and Nodal line for the respective main girders
LB 1landLB 2.

FEM-program uses script called 'Slice Resultant Beams/Shells' to handle this, see the presentation
below.

Beam |Pathline| Extent |Remark

LB1 304 Girder LB1 | Width=7.00m
LB2 306 Girder LB2 | Width=7.00m
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2.8.1.1 Slice beam ball LB1

Slice Resultants Beams/Shells

Slice path
Selected lines 304 Update

Slice locations
(O Incremental distances from start of path e.g. 1@10:2@5
© Absolute distances from start of path e.g. 10;15:20
() Parametric distances from start of path e.g. 0.1:0.2
(O) Constant spacing e.g. 1.25
0.5:3.75:7.0:10,25:13.5;16,75;20.0;23.25;26.5:29,75:33,0:36,25;39,5:¢

] Include additional slices at points along path

Distance from reference origin to

start of path (chainage) 0.0
Slice Options
Moments about @ Neutralaxis (O Slice path
B Slice width 70 (] Include whole elements only
B Smooth corners on path
Extent Girder LB1 v

Rotation about x 0.0

Name | Longitudinal girder - LB1 =)

Qverview
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2.8.1.2 Slice beam ball LB2
Slice Resultants Beams/Shells
Slice path
Selected lines 306 Update
Slice locations

() Incremental distances from start of path e.g. 1@10;2@5

© Absolute distances from start of path e.g. 10;15;20

() Parametric distances from start of path e.g, 0.1:0.2

(O Constant spacing e.g. 1.25
0.5:3.75:7.0:10.25:13,5:16,75:20,0:23,25;26.5;29,75:33.0,36.25:39.5:

(] Include additional slices at points along path

Distance from reference origin to

start of path (chainage) 0.0
Slice Options
Moments about © Neutral axis (O Slice path
8 Slice width 7.0 (T Include whole elements only
B Smooth corners on path
Extent Grider LB2 v

Rotation about x 0.0

Name | Longitiudal girder - LB2 v| = (33)

Qverview
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2.8.2 Transversal girders

Equivalent forces will be determined along t 8th subpoints for each main beam. This is done by
examining the load effects in the Nodal surface and Nodal line for the respective main beams LB 1
and LB 2.

The FEM-program uses script called 'Slice Resultant Beams/Shells' to handle this, see the presentation
below.

Beam | Path line Extent Remark

TVB1 307 Girder TVB1-3 |Width=1.00m
TVB2 309 Girder TVB 1-3 | Width=1.00 m
TVB3 308 Girder TVB 1-3 | Width =1.00 m
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2.8.21.1 Slice beam ball TVB1

Slice Resulta

Siice path
Selected lines 307 Update

Slice locations

() Incremental distances from start of path e.g. 1@10:2@5

© Absolute distances from start of path e.g. 10;15:20

() Parametric distances from start of path e.g, 0.1,0.2

(O Constant spacing e.g. 1.25
0,1:35:3,7.7.2:10,7:10,9:14.3

() Include additional slices at points along path
Distance from reference origin to

start of path (chainage) 0.0
Siice Options
Moments about @ Neutral axis (O Slice path
8 Slice vidth 1.0 (7] Include whole elements only
B Smooth corners on path
Extent Girder TVB 1-3 i

Rotation about x 0.0

Name | Transversal girder - TVB1 v @

Qverview
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2.8.2.2 Slice beam ball TVB2
Slice Resultants Beams/Shells
Slice path
Selected lines 309 Update
Slice locations

O Incremental distances from start of path e.g. 1@10:2@5
© Absolute distances from start of path e.g. 10;15;20
(O Parametric distances from start of path e.g, 0.1;0.2
(O Constant spacing e.g. 1.25
0.1:36:7.1

[C) Include zdditional slices at points along path

Distance from reference origin to

start of path (chainage) 00
Slice Options
Moments about © Neutral axis () Slice path
B Slice width 1 ] Include whole elements only
& Smooth corners on path
Extent Girder TVB 1-3 v

Rotation about x 0.0

Name | Tansversal girder - TVB2 v (2)

L309

Qverview
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2.8.2.3 Slice beam ball TVB3
Shice Resultants Beams/Shells
Slice path
Selected lines 303 Update
Slice locations

(O Incremental distances from start of path e.g. 1@10.2@5

© Absolute distances from start of path e.g. 10:15:20

() Parametric distances from start of path e.g, 0.1:0.2

(O Constant spacing e.g. 1.25
0.1:3.5:3.7.7.2:10.7.10.9:14.3

(C] Include additional slices at points along path

Distance from reference origin to

start of path (chainage) 0.0
Slice Options
Moments about © Neutral axis () Slice path
B Slice width 1 [[] Include whole elements only
8 Smooth corners on path
Extent Girder TVB 1-3 v

Rotation about x 0.0

-

Name | Transversal girder - TVB3 ~ 4

Qverview
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2.9 LOCAL COORDINDATE SYSTEM

To obtain transformed reactions, guideline directions are established by creating a local coordinate
system as described below. The system is applied at the positions of points P154, P155, and P156.

Coordinates type
(@ Cartesian Cylindrical Spherical Surface
(@) Rotate Scale Matrix
Angle About axis Crigin
—~ 0.0
O %-axis X | ‘
\-13-0 O Y-antis v[oo |
OF z |n.u ‘
Local coordinate generated from selection
No Local eoordinate attributes created from selectior
Name | Local system ) : (1)
", P156
»
-
P X ™
.
e

<

P154
<
Qverview
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o

!
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2.10 FLANGE WIDTH

Determination of effective flange width according to SS-EN 1992-1-1, section 5.3.2.1.

The check below shows that the participating flange width corresponds to the gross cross-section,
I.e., no reduction of the cross-section. When determining the equivalent internal forces for the
main beams LB1 and LB2, the entire gross cross-section for half of the bridge is used. This also
applies when determining the load-bearing capacity.

lo =0.85L =085-26m =22.1m

Controll "cantilever” :

min(0.2b, + 0.11y; 0.2y, b;) = Min(0.2 - 2.0m + 0.1 - 22.1m ;0.2 - 22.1m, 2.0m) = 2.0m

— besy = 2.0m

min(0.2b, + 0.11y; 0.2ly, b,) = Min(0.2 - 2.0m + 0.1+ 22.1m; 0.2 - 22.1m; 2.0m) = 2.0m

— besy = 2.0m
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3. LASTER

3.1 DEAD WEIGHT

3.2 SURFACING

3.3 EARTH PRESSURE

3.4 SUPPORT SETTLEMENT
3.5 CREEP

3.6 SHRINKAGE

3.7 TRAFFIC LOAD

3.8 BRAKING LOAD

3.9 LATERAL LOAD

3.10  WIND LOAD

3.11  SURCHARGE

3.12 TEMPERATURE

3.13 PRESTRESS

3.14 LOAD COMBINATIONS

page 3:2-6
page 3:7
page 3:8
page 3:9-14
page 3:15-19
page 3:20-24
page 3:25-44
page 3:45-48
page 3:49-52
page 3:53-58
page 3:59
page 3:60-65
page 3:65-99

page 3:100-111
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DEAD WEIGHT

3.1

. betong

Loas bridge deck

3.11

Load . EGEN.1

Structural loading : Body force

m
s2

Linear acceleration in Z direction (a;) : -10

Load case : EGEN 1

Loading assignment: Assign to surfaces

Overview 3D
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3.1.2 Longitudinal & transversal girders

Load : EGEN 2

Structural loading : Body force
Linear acceleration in Z direction (a; ) : -10?2

Load case : EGEN 2

Loading assignment: Assign to lines

Overview 3D
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3.1.3 Edge beams & railings

Refers to both the railing on the divider beam and the edge beams.

Weight of divider beam incl. railing

kN
Pricke — 0-5?

> Dy = Pracke + Prp = 0.5%” +0.20m - 0.40m - 25% = —2%”

Remark
To be able to accommodate future reconstruction of the bridge deck, this load has not been
considered in the system analysis.
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Weight of edge beam incl. railing

A fictitious line load is applied to each edge beam as described below. The load also includes the
bridge railing.

kN
Pracke — 0-5?

> Dy = Pracke + Prp = 0.5%’V +0.40m - 0.45m - 25% = —5%”

Load . EGEN.3

Structural loading : Body force
Line load (p; ) : -5 kN/m

Load case : EGEN 3

Loading assignment: Assign to lines

\\ = &’J}J)
N
Overview 3D
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3.1.4 Load combinations

Basic load combination EGEN:

Load case Factor

EGEN 1 1.00

EGEN 2 1.00

EGEN 3 1.00
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SURFACING

3.2

Thickness pavement with a thickness of 95 mm built as follows:

40 mm
50 mm
5 mm

Wearing course ABS 11

Combined protective and binder course PGJA

Waterproofing layer

. course

kN
y:23$

o &
= 2
[
) N
o ~N
S
m I
S
IS &
= 2
.. i
—
S
+
o
S
S
N_3
= |8
)
N
1
S
b
S
.. g
s =
o +
38 *
[
S 2
g 2 3
2 .nh "M,
i o} 3
- 8 <
o o &
Il = Il
S 'O >
s 8 2
3 = 3
g S Q
= D >

Load..BELAGG

Structural loading : Global distributed

KN
m2

Load per unit area in Z direction (q;) : -3

Load case: BELAGG

Overview 3D
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3.3 EARTH PRESSURE
ymeo = 1.30
kN
=22 —
kN
Y = 13—3
Xy=—p X=—.x
Ty T T
- @4 = arctan (ta:i) = arctan (mll—iso) = 45° : design method D2
— @4 = arctan (ta:ﬂ) = arctan (%) = 38° : design method D3
Earth pressure coefficients are seen below.
Ko =1- Sin((pd)
K, = tan?(45° — %)
K, = tan*(45° + %)
®d Ka Ko Kp Metod

D3
38° 0.24 0.38 4.20

45° 0.17 0.29 5.82 D2

Design is carried out according to method D2 according to TK Geo section 3.16.1.Dimensionering
utfors enligt metod D2 enligt TK Geo avsnitt 3.16.1.
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3.4 SUPPORT SETTLEMENT

The effect of support displacement shall be considered according to TRVINFRA-00227 section
7.2.1.1.1.1. Only vertical support displacement and horizontal support displacement in the
longitudinal direction of the bridge need to be considered. In addition, it is stated that horizontal

and vertical support displacements do not need to be combined.

The bridge is founded on pointed concrete piles. According to common calculation practice, a

vertical settlement difference between supports corresponding to 10 mm is applied.

A horizontal support displacement in the bridge's longitudinal direction (x-direction)

corresponding to £5 mm is applied; however, only translation occurs, i.e., no associated restraint

forces arise.

Note

TRVINFRA-00227 section 7.2-10 specifies 5 mm for the control of expansion joints.
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34.1 Vertical settlement
Load: STOD_1Z
Structural loading : Prescribed Displacement
Translation at point in Z direction : -0.010 m
Load case : STOD 17
Point : P154

w
A
T e
*
L ]
P
e
-
L : Z 3
X
* L{
e
*
"-
D,
o™
s 54
Fe
&
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Load: STOD_2Z
Structural loading : Prescribed Displacement
Translation at point in Z direction : -0.010 m
Load case : STOD 27
Point : P155

o~
Ha
» *
N
L}
= .
i &o
L
a : 7
L9 X
55
P
o
T
'. -
[}
F
o+
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Load: STOD 3Z
Structural loading : Prescribed Displacement
Translation at point in Z direction : -0.010 m
Load case : STOD_3Z
Point : P156
_. s
- » e
P06
§ 'g.d-
- '.
-
» : Z
.1- I/f x
. L]
-
o
S
-~
o ™
R
o=
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3.4.2 Horizontal settlement

Horizontal settlement in longitudinal direction only causes translation.

Thus, this settlement is not included in the system calculation, since does not give rise to

constraint forces.
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Pretensioned double girder bridge

3.4.3 Load combination

Load combination. smart STOD :

Variable factor

Load case Permanent factor

STOD 1Z 0 1

STOD 27 0 1

STOD 37 0 1
File : A3 Loads
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3.5 CREEP

Total creep is determined according to SS-EN 1992-1-1 §3.1.4 and TRVINFRA-00227 section
7.1.6.4 for RH 80% at time t1.

Time for first loading (= time when formwork was removed) is termed t0.
to = S5days

t, = 120 years

Bridge consists of parts with different thicknesses as seen below.

Creep is determine using Mathcad program PROG A001.

Fort=150m— ¢(t,, ty) =19 . see page A3:19

O-C
gcc(ty,to) = ¢(t1,tp) A
C
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To study the effect concrete stiffness according to SS-EN 1992-1-1 5.8.7 creep values seen below

are used.
Load cases [0)
Permanent 1.9
Variable excluding temperature 0
Temperature 0.3*

* = According to Swedish work practice

E

E system — cm

1+¢

Instead of adjusting E-modulus the load coefficients are adjusted.

1

=034

fxrymp = 1+ o = 1+109

1

=034

fSTOD:1+(pef:1+1.9

1

=0.77

f]TEMP = 1+<Pef = 1+03

Note:

According to TRVINFRA-00227 section 7.2.1.1.2.4, no reduction is permitted for uneven
temperature across the cross-section. This is because this temperature variation is considered to
have a very short duration (only over the day).
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Object: Superstructure

INPUT

Number of sections

N:=2 pcs

Geometry & concrete ( C30/37, C35/45, C40/50 & C45/55

Section B H Concrete
1 2.5 15 (C35/45
2 2,5 15 C35/45
m m

Relative humidity
RH:=80%

Time of loading (i.e. removal formwork

ty:=5 days

Studied time for determination of creep

t,:=120 year t,=43800 days

Input receipt

Jem =[43 43] MPa

Date: 12-10-2025

File: PROG A001.mcdx
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CALCULATION
Area

A,;=B-H

Perimeter exposed to "air"

u:=2+B

Effective thickness structure

2.4,
hy=

u

Creep coefficients
The expressions for determining the creep coefficients are taken from SS-EN
1992-1-1 Annex B.1.

oo (352 MPa 7 T0.87
U, 1087

35.MPa\** [0.96
0‘2:: _ =
fom 0.96

03 [0.902]

_(35+MPa\™ _
0.902

o= —=
Jem

Pre=|| if £, <35 MPa

0 _[1.105]
RH —
Orsr 38+ MPa 1.105
else
Opp — 1-’—&.&‘? ~a;
3| hg
0.1+
mm
Byi= ! =0.68
yi=—— =0,
0.1412,"%
168 _[2.56
Brem'= 7 _[2.56]
MPa

Date: 12-10-2025
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Bgi= || if foy <35-MPa

B ma +— 1500
Iy

if 1.5-(1+(0.012-100-RH)"™) - — +250> By e
mm

ﬂH {_ﬂHamx
else
;fa
By 1.5+ (1+(0.012-100-RH)") « —+250
mm
if £,,, >35+MPa

Bamax +— 1500+ a5

hy

if 1.5-(1+4(0.012+100-REH)"®) « —— +250> Br e
mm

)BH = :BH. max
else

hy

Bg +—1.5-(14+(0.012-100-RH)"®) - —— +250-a;
mm

Bi= =1 0'3: [0.99]
A\ Butt—1 0.99

._ B op— 1.91
@w0=PrH ﬁfcm Bo [1.91]

RESULTS

1.90
P2 = ¢t()'ﬂc=|: ]

1.90

pu=|

1353
1353

|

Date:

File :

12-10-2025

PROG A001.mcdx
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3.6 SHRINKAGE

Total shrinkage according to SS-EN 1992-1-1 §3.1.4 and TRVINFRA-00227 section 7.1.6.4 for RH
80% at time to.

Determination of load effect from shrinkage should consider the reduced concrete stiffness from
creep.

ts = 0days

t, =120 years

Shrinkage is determined using Mathcad program PROG AQ02 after time to.

Shrinkage ., = 0.023% is applied to all construction parts for safety. The movement corresponds
to that which occurs due to an imaginary temperature load ... T = -23°C.

Remark
Shrinkage must be considered for service state (SLS) see SS-EN 1992-1-1 §2.3.2.2(1).

Shrinkage does not have to be used for ultimate state (ULS) see SS-EN 1992-1-1 §2.3.2.2(2).
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L.oadcase.;. KRY.MP.
Structural loading : Temperature
Definition : Nodal lines & surfaces

Initial temperature : 0 °C

Final temperature : -23 °C

Remark
The load has been applied to the bridge deck, longitudinal girders & transversal beam in the
superstructure. However, this does not produce any load effects, only translations.
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PROG A.002 / 2011-09-02 ( T002 )
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Object: Superstructure

Number of sections

N:=2 pcs

Geometry & concrete ( C30/37, C35/45, C40/50 & C45/55)

Section B H Concrete
1 2,5 15 C35/45
2 2,5 15 C35/45

m m

Relative humidity

RH:=80%

Time of load (i.e. removal formwork)

ty:=5-days

Studied time for determination of shrinkage

t,:=120 year

Cementclass (S.N.R)

Klass :=“N”

t,=43800 days

Concrete age when drying starts

t,:=0+days

Input receipt

fom =[43 43] MPa

J =[35 35| MPa

for =10 MPa

cmo

Date: 12-10-2025
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CALCULATION

Area

A,=B-H

Perimeter exposed to "air"

u:=2+B

Effective thickness structure

2:4. [15
h():: :[15]}'}1
u .

Basic value of drying shrinkage see SS-EN 1992-1-1. Annex B.2

a4 = || if Klass =“S”| | =4.00
|3.0

if Klass =“N”
|4.0

if Klass =“R”
|60

0ger+= || if Klass=*S”| |=0.12
H 0.13

if Klass =“N”
|o.12

if Klass =“R”
o1

RH,:=100%

3
ﬂRH::l.55~(l—(%) ):0.76

Jom
—Ods2 * —— _4
Eeqp=0.85+ ((220+ 10 ay,) - e f) 1075 = [2.533 .10 }

2.533.107*

Date: 12-10-2025
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Page A3:24
PROG A.002 / 2011-09-02 ( T002 )
Basic drying shrinkage (SS-EN 1992-1-1, section 3.1.4, see equations 3.9 and 3.1
1 4 _l0.70
ky==1linterp ( ([0 100 200 300 500 10* ]-mm) ,[1.00 1.00 0.85 0.75 0.70 0.70] ,hy)= 0.70

o =1 _ 0.95
Pasi= 3 _[0.95]
t,—t,+0.04 - (—0)

mm

1.684 - 10—4]

€cai=Pas kn*€can= [1 68410~

Autogenous-shrinkage. see EN 1992-1-1 §3.1.4, eqns. 3.11-3.13

Bom1—e V" 2100

-5
gca 0(::2~5‘ f;k —10 ‘10_6: 6'25‘10 s
' MPa 62510~

=5
gca::ﬂas"s‘ca,w:[6.25. 10 :|

6.25.107°

RESULTS

Total shrinkage, see SS-EN 1992-1-1 §3.1.4. eqgn. 3.8

2.309.107*
2.309.107*

Eesi= gcd+ Eea= |:

Date: 12-10-2025
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3.7 TRAFFIC

Evaluation of vertical traffic is performed for LM 1 and LM 2 according to SS-EN 1991-2

section 4.3.

Evaluation will also be performed EG A/B = 180kN/300 kN according to TRVFS 2011:12

chapter 6 point 38.

3.7.1 Traffic Lane division

L

=l (8)
(4)
2 ©,

N

(2)
®

e
>

Total traffic width : w;,; = 14.1m

Wtot

Number of traffic lanes : n, = Integer [3 o

] = 4 lanes

Full traffic width : w; = 3.0m

Remaining width : w, =2.1m
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3.7.2 Load model 1 (LM 1)

Characteristic values according to SS-EN 1991-2 §4.3.2.

agQ@u aqly aq Ty

FrTr PP T T T I P IT R F P IR F P
LR T R rrryl

L4
ELLER fr ]
EEELEEERE Y

LA i Al
s L L L T F A KT
ikl d i d DA IS dad i S A

3 ——— o m—
(7)
(@) (E)E)

* = When studying local effects 250 mm is to be assumed.

—~}-0,40{—
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Axle loads:
a, . national adaptation factor according to TRVFS 2011:12 table 7.1
Qh=aq - Qy : characteristic value including national adaptation factor
Traffic Remark
lane Q«x 0Q Q'k
1 300 0,9 270 LM1- 2 x 270 kN
2 200 0,9 180 |LM1-2 x 180 kN
3-6 100 0 0 No load
- kN - kN -
Surface loads:
a, : national adaptation factor according to TRVFS 2011:12 table 7.1
0= a, -0, : characteristic value including national adaptation factor
Traffic
lande gk Olg g’k
1 9.0 0.8 7.2
2-7 25 1.0 25
- kPa - kPa
Remark

Evaluation is performed using Vehicle Load Optimisation ( VLO ), see section 3.7.4.
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3.7.3 Load model 2 (LM 2)
Characteristic vertical load according to SS-EN 1991-2 84.3.3.
200 — X
. !
—— —t t 94— 0.80
, f
|
—={0,35|=—
By = ag = 0.90 : national adaptation factor
Qk =400 kN : characteristic value
Q k= Pr-Qk = 360 kN : characteristic value including national adaptation factor

Tire pressure

TSFS Chapter 11 Section 4 states that the same contact surface as LM 1 may be used.
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3.74 Load model EG A/B

Calculation is performed using traffic load EG A/B = 180 kN/300 kN excluding dynamic factor.

Traffic load EG A/B are applied to two traffic lanes. Traffic on first lane is multiplied by 1.00 while

second lane is multiplied 0.80.

The center distance between the wheel pressures is 2.0 meters according to TSFS chapter 11 82.

— 11— 0.30

—=10.20|~=-

Wheel pressure

€dyn = 25 % : dynamic factor )

A= A-(1 + &gyn ) = 180 kN-(1+0.25) = 225 kN : single load including dynamic factor

B"= B-(1 + &dyn ) = 300 kN-(1+0.25) = 375 kN : tandem load including dynamic factor
p= 5kﬁ - surface load

m
Footnote:

1) TRVINFRA-00227 table 7.1-5 section 4.2.1(1) states apply 25 % ..
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Graphic presentation of common vehicle types:
(Vehicle types according to TRVINFRA-00331 Appendix 1)
a) v
A
210
b) v o
0888
=13
c) b v
B
=¥
d) ! b
108
v =210
€) vl
178
B =1
f) '
128
25 24 ¥B 9 25 250 25 24 25
g9) =1 || = Ca_
04 B 128 oMB
25 B B > &) BB 25
h ol | by vl b [T
058 B 2B

25 A 8 e 8 ¥ PV B

) I Vo | v i

04 B mB 10Be 0B
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25 24 1313 100 24 1313 25 =250450° 25 24 1313 100 24 1313 25
" | | | T — | | | r—
I A R U S T f f ]
044B 1328 044B  132B 0448 138 044B 138
25 30 13 50 1313 25 =2250450" 25 30 13 S0 1,313|25
= | | | | | —
Roal oy b e ]
0558 B 1328 0558 B 1228
25 38 18 40 18 36 10 25 =2:04500 25 38 18 40 wl 36 10 25
=1 | | | | | | a1 : - | a
b al oy oy (N t L9 1 {4 "o ty @
044B 1108 1,108 0668 0448 110B 1,108 0668
13 18 34 18 13
| |
m) Pt '
0388 B 1328
20 20 15 11
| | |
" [ P
055B 0558 0558 0338 012B
25 34 13 57 13|1.3 48 Iw 65 1B 25
— | ] | | =
o0 a4 it b t [
0338 008 1178 0838 0goB
Note:

Evaluation is carried out with the script Vehicle Load Optimization (VLO), see sections 3.5.3 and

3.54.

Since there is no motorway, * = 45 m is applied according to TRVINFRA-00331 section 8.3.2.2.1

for vehicle types j, k, and .
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3.75 Vehicle Load Optimization ( VLO )
3.75.1 Influence components

Influence surfaces are created using Direct Method Influence Envelope. This is done by applying
Influence components seen below.

Infl — Reactions :

Entity Reaction | =-[Zlstandard
[¥lFx
FY
4
[ mx
MMy

Cmz

Direction Nodal v| 0,0

Indude coincident effects

Name | Inf1 - Reaction \ =l ¢
Inf2 — Bearings :
Entity Force/Moment - 3D Joint (JNT4,)L43) « | E-I¥lstandard
- o [WFx
Direction Element local v 0,0 WIFy
MFz
Indude coincident effects
Name -I-n-fzn-"B-ea;i;\_gs T =
File : A3 Loads
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Inf3 - Deck :
Direct Method Influence Envelope
Entity Force /Moment - Thick Shell v | e 58“:” d
X
Direction  Element local v 0,0 CIny
~[INxy
TImx
~[My
i~ CImxy
Indude coinddent effects
Name | Inf3 -Deck v | : 3
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Entity Beam/Shell Slice Resultants ~ | =-[Z]standard
e [WIFx
Direction None 0,0 ClFy
MFz
[¥] mx
imy
Cmz

Indude coincident effects

Name | Inf4 - Longitudinal girders v| = @

Definition ”’Slice resultants beams/shells™

Each longitudinal girder (LB 1 & LB 2) has 19 ’slices™ according to sketches below, see also pages
A2:445-47.

File : A3 Loads
Datum : 2025-12-22
Tid : 14:31




Status : Page:
Part A—- CALCULATION ASSUMPTION A3:35

Pretensioned double girder bridge Date : Created :

52.50 m

49.25m [~

46.00 m [~ N

42.75m [~

39.50m [~

3625m [~ y=

33.00m |
29.75m

26.50m |
2325mp_

S '2000m .~
- le7sm
2 1350m -

U 1025m

<. lroom 7
~375m

osom 7

Om

Slice LB1

53.00 m

’_.f' . 49.25m
y_yix_ 1 46.00 m
L o, N 275m

W N S .1 38.50m
NS 13625 m

Ué"' S 33.00m

0 Tl N2975m
S 126.50 m
S X ~J23.25m

| RN ! 20.00 m
Dz S ~116.75m
1 D S ~ 10.25m

-Qi _ 1 7.00 m

L K"'.'-" 3.75m
wm

Om

Slice LB2
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Inf5 - Transversal girders :
Direct Method Influence Envelope
Enity ~ Beam/Shell Sice Resultants v|| & Sg;dafd
~CIFx
Direction  None 0,0 ~OFy
~MIFz
~Mx
[
@ Indude coincident effects
Name ’ InfS - Transversal girders v| 5 ©

Qverview
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Influence surfaces :
Search area: Superstructure
Definition type: Grid
Centerline (path): L292
Transverse width: 14.0 m
Longitudinal spacing: 0.5m
Transversal spacing: 0.5m
i 'F #? :'?.‘?
i 4
.‘%‘..“: -". Jfl;r:
i 1292
Fe ”
J‘ln"‘l ='Ji ="".J.';
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Vehicle load optimisation. options:
Loading options
Country Sweden Optional code settings...
Design code EN1991-2 Sweden 2011 Optional loading parameters...
Solution process
[ ] View onerous effects table Setinfluence surfaces...
Create loading patterns Define carriageways...
(® All chosen influences () Most onerous
Create envelopes
(®) By design case (O By influence and design case
Vehicle longitudinal incremental movement: 0.5m
Vehicle transverse incremental movement: 0.5m
Vehicle direction: both
L293 & L294

Definition of carriageway (kerbs):

Influence surfaces:

Include all (positive & negative)

| 293
L) T P
[ / /f
" P ;;
'ﬂf ." {/
t $ H
il | U
] ar i
/ { | / /
iy 4 L
T = T
.:‘ff j' Iy
b s -
(] / I/
g f 1
I I {
“4_;1 ," J.{#
{ | I
/] / | 294 i
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Pretensioned double girder bridge

3.75.1 Envelope: LM 1

Load model 1 (LM1) defined in SS-EN 1991-2 section 4.3.2.

A1GG1 3 Cinnrdan 3011
N1991-2 Sweden 201

Representative values required Load groups to include

@ Characteristic
(] Combination (psi0)
(] Frequent (psi1)

Group 1a - LM1

(] Group 1b - LM2

() Group 4 - LM4

() Complementary load model

Dynamic amplification (additional) 20

Vehicle(s) None

(C) Group 5- LM3
Vehicle{s) None

() Output for each load group

3.75.2 Envelope : LM 2

Load model 2 (LM2) defined in SS-EN 1991-2 section 4.3.3.

EN1991-2 S

F91-£2 Sweaen £U1

Representative values required Load groups to include

B Characteristic
() Combination (psi0)
(] Freguent (psi1)

(C) Group 12 - LM1

8 Group 1b- LM2

() Group 4 - LM4

() Complementary load model

Dynamic amplification (additional) 20

Vehicle(s) None

() Group 5- LM3
Vehicle(s) None

() Output for each load group

%

%
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3.7.5.3 Envelope : EG A

EG A is defined as complementary load model with options seen below.

Representative values required

[] Charactenstic
[T] Combination (psi0)

|| Frequent (psi1)

Load groups to include

[ ] Group 18- LM1
[l Group 4 - L4
[] Complementary load madel

Dynamic amplification (edditional) i25 _ %

Vehicle(s) |Type a |
[1Group 5-LM3

Vehicle(s) MNone |

Dynamic amplification (additional): 25 %

Vehicle selection:

Type a

3.75.4 Envelope : EG B

EG B is defined as complementary load model with options seen below.

Representative values required

Characteristic
[ | Combination [psid)

[ | Frequent (psil)

Load groups o include
[ | Group Ta - LM1

[ | Group 4 - LM4
Complementary load model

Dynamic amplification (additional) I25 | %

Vehicle(s) |Type g. Type h, Type I, Typil

| | Group 5 -LM3

Vehicle(s) |Nnne |

Dynamic amplification (additional): 25 %

Vehicle selection:

Typeb—o0
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3.7.5.5

Combined traffic load (TRAFIK)

There are a total 4 different traffic loads termed LM 1, LM2, EG A and EG B.

The envelope is used to identify the most onerous load effect.

Envelope

LM 1

LM 2

EGA

EGB
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3.7.5.6 Fatigue model

Fatigue model 3 (UTM3) defined in SS-EN 1991-2 section 4.6.4. The load is defined in Group 5

(special vehicle) in present version of software.

-+‘1.Eu m’——ﬁ.llf] mﬂl.fﬂl fmib—
|

-
2

|:T:l[_

i

E i=H+0.40 m i
@b .
200 m | —H—\-—n.;u m — X |
| ) ]

. |" !

Qx =120 kN

: characteristic value including nation adaptation factors.

File : A3 Loads
Datum : 2025-12-22
Tid : 14:31




Status : Page:
Part A—- CALCULATION ASSUMPTION A3:43
Pretensioned double girder bridge Date : Created :
The load definition:
The load UTM3 is defined as a special vehicle in "load group 5".
Representative values required Load groups to include
Characteristic [] Group 1a- LM1
[[] Combination (psi0) [[] Group 4 - LM4
[] Frequent (psi1) [[] Complementary load model
| Dynamic amplification (additional) 20 %
= Vehicle(s) | None \
[] Group 5
Vehicle(s) |UTM3 | ..
[] Include associated LM1
Point
Analysis category 3D
Untransformed load direction  Projection vector
© Arbitrary Ox Oy 8 Project in load direction
O6Gid x 1 ©z (O surface normal
Yy 1 () XYZ global X component 0.0
(O) XYZ transformable Y component 0.0
Z component 1.0
X | Y | z | Load
] 42 . 1.00 10 B0
2 | 4.2 o ..-1.00 i .10 60
3] -3.0 ‘ 1.00 o 10 -60
4 | 30 e 10 60
2 — 30 100 10 S0
6] 30 41,00 10 60
Izl 42 100 10 .80
8] 42 -1.00 3 10 60
Name | UTM3 v| = (new)
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3.8 BRAKING LOAD

Load acts at level of surfacing.
Braking load act on bridge deck and at top of end abutments. Both are to codsidered.
3.8.1 Braking load at top of abutment

Braking load according to SS-EN 1991-2 §4.9.2 acts on top of abutement at location of expansion
joint.

Qproms = 0.6ap; - Q1 = 0.6 - 0.9 - 300kN = 162kN

Remark
This load case is not consider in systedmtta lastfall &r inte inford i systemberakning.

3.8.2 Braking load on bridge deck

Braking load is defined by SS-EN 1991-2 §4.4.1.
Load acts at level of surfacing.
L=05m+26.0m+26.0m+05m=53.0m

Load modell LM 1 :

Qi = 0.6aq; - (2Qi) +0.1ay; - g1 - wy - L
180KN - g, < Que < 900KN

Qproms = 0.6 - (2 270kN) + 0.1 - 7.2kPa - 3.0m - 53.0m = 324kN + 114kN = 438kN

Typ o is dimensioning.

Qu =035 Qgep+01-p-L,

Qix < 500kN

Qproms = 0.35- (033 +2-0.89 + 1.17 + 0.83) - B = 0.35- 4.11 - 300kN

Remark
The braking force associated with LM 1 is applied on the safe side in the system calculation.

The impact of the resisting earth pressure against the frame legs is neglected on the safe side.
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3.8.2.1 Load definition

The load case is applied at centre of the bridge deck as a line load with a load length of 0.5w;,; on

the safe side.
Lastfallet ar inford i centrum av brobana som en linjelast med lastlangd 0.5w,,, pa saker sida.

_ Qbroms _ 438kN kN

= = =6
Px = 08w, 05 140m m

kKNm

m

my, = py - (015m + ty,e)) = 3%+ (0.15m + 0.095m) = 15
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Load case.: BROMS 1+

Structural loading : Global distributed
Line load (px): 63 kKN/m
Line load (my): 15 KNm/m

Analysis category | D |

() Total (®) Per unit length Per unit area
Component Value
X Direction 730
Y Direction 0.0
Z Direction 0.0
Moment about X axis 0.0
Moment about ¥ axis 18.0
Moment about Z axis 0.0
Mame | BROMS 1+ e : (5)
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Load case.: BROMS 2+

Structural loading :

Global distributed

Line load (px): 63 kN/m
Line load (my): 15 kKNm/m
() Total (®) Per unit length Per unit area
Component Value
X Direction 730
Y Direction 0.0
Z Direction 0.0
Moment about X axis 0.0
Moment about ¥ axis 180
Moment about Z axis 0.0

Mame | BROMS 24

v = ®
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3.8.2.2

Load combination (BROMS)

Basic load cases.;

Load case Load Factor
BROMS 1- BROMS 1+ -1
BROMS 2- BROMS 2+ -1

Load case

BROMS 1+

BROMS 1-

BROMS 2+

BROMS 2-
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3.9 LATERAL FORCE

The lateral force is determined according to SS-EN 1991-2 84.4.2. The load occurs orthogonal to
the braking force and is considered to occur as a result of skew braking or centrifugal forces
(R =1200 m).

Load model LM 1 :

Q¢ = 0.25Q;, = 0.25-438kN = 110kN : skewed braking
tk2 = meZ agi - (2Qi) = 1‘2“;—07; -2 - (270kN + 180kN) = 30kN : centrifugal force

Type o is considered dimensioning.

Qi = 0.25Q;, = 0.25-431kN = 107kN : skewed braking
40 40 .

Qtk2 = Tm~ Qy, = 120(r)nm -(4.11 - 300kN) = 41kN : centrifugal force

Remark

Lateral force corresponding to vehicle LM1 is chosen in system analysis.
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3.9.1 Load definition

The load is defined as a line load acting along the marked line.

The load is distributed over a width of 0.5Lspan On the safe side.

Qsiqo_ 110kN kN

Py = 0BLepann  05-26m O

kKNm

my = —py, - (015m + tye) = =9 (0.15m +0.095m) = 25
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L.oad case...SIDO

Structural loading : Global distributed

Line load (py): 9 kKN/m

Line load (my): -2 KNm/m

Analysis category | 0
() Total (®) Per unit length Per unit area
Component Value

X Direction 0.0

' Direction 50

Z Direction 0.0

Moment about X axis =20

Moment about Y axis 0.0

Moment about 7 axis 0.0

Mame | SIDO+ et : m
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3.9.2 Load combination

Basic load cases :

Load case

Load Factor

SIDO-

SIDO+ -1

Load case

SIDO+

SIDO-
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3.10 WIND LOAD

Wind load on bridges is defined by EN 1991-1-4 chapter 8.

v, =1.00
v, =10.30
v, =0.20
y,=0

-
T 1

LA Jii

1"-\-|‘|. - _ _ -

]

Terrain type Il is applied on safe side according to SS-EN 1991-1-4 table 4.1.

h =7 m but 8 m is applied on safe side.

vp(Robertsfors;z = 10m; z, = 0.05m) = 23% : TSFS chapter 7 figure 7.1
gy (h = 8m, Terrangtyp 11,v, = 23%) = 0.67kPa  : TSFS chapter 7 table 7.1

2
Gy =5 p vE=2 1252, (22 %) =030 - SS-EN 1991-1-4 chapter 4.5

©

qp _ 0.67kPa _
qdp 0.30kPa

Ce = 223 : SS-EN 1991-1-4 chapter 4.5
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dpro = 1.50m + (0.10m + 0.095m) = 1.70m : construction height incl. pavement
disd; = 2.0m — (0.10m + 0.095m) = 1.81m - traffic height pavement

dior = 1.70m + 1.81m = 3.51m

5 bbT‘O _ 140m _
dg;  351m
Crx (”b— = 4.0) =13 - SS-EN 1991-1-4 sketch 8.3
dtot

C=cCe Crpy=223-13=290

Aref.x
L

= dtot

bro
A ref.x

L

= dbro

bro
bro _— Fw

_1 Arefx _ 1 kg m)? _ kN
Pl =t =2pvE-C-TLE=212522.(237)-290- 1.7m = 1.6

traf
A refx _ dres
L — “Ytraf

bro

2
ptmf_F—W—l-p-vg-C-MZ%-l.ZS%-(ZZ%?) +2.90-181m = 1.7%

vind_L_E L
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3.10.1 Definition of load

Load is applied as a line load acting along each edge beam.

— ,bro trafik _ kN kKN _ kKN
Pvind = Pyina + Pyina — 1-6; + 1-7? - 3.3;

'_L_"'_.I s
i U kd caxtare B
(v | NOAG DNVAACT. | A
L~ WA X |
ey \ = — %
e =
P N/ ﬂ
! 1 N/ '..‘__
py =42
%
m, = —py - (42— 1.35m) = —33%. (222 _ 135m) = 21
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Load : VIND+

Structural loading : Global distributed

Line load in Y direction (py ) : +4 %N

Line moment about X axis (my ) : -2 kNTm
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Load : VIND-

Structural loading : Global distributed

Line load in Y direction (py) : -4 %N

Line moment about X axis (my) : 2 kNTm
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3.10.2 Load combination

Load case

VIND+

VIND-
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3.11 SURCHARGE

TSFS chapter 11 section 88 describes load seen below.

dytiast1 = 20kPa . road width 6.0 m

Qytiast.2 = 10kPa : remaining width

Qover (s)= Ky - Qytiast
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3.12 TEMPERATURE

Temperature effect bridges according to TSFS section B.3.2.5 and EN 1991-1-5 chapter 6.

Effect in service state see SS-EN 1992-1-1 82.3.1.2. If used then apply effect of gradual cracking

according to SS-EN 1992-1-1 85.4(3).

Effect in ultimate state is not required according to SS-EN 1992-1-1 82.3.1.2. If used apply reduced

stiffness according to SS-EN 1992-1-1 85.4(3).

Casting temperature, Tmont = +10° C - EN 1991-1-5A.1(3)

Expansion coefficient, oo =12-10°

Concrete beam = type 3

Ort : Anaset
Tonax = +32°C . TSFS chapter 8 sketch 8.1
Tonin = —40°C . TSFS chapter 8 sketch 8.2

Duration coefficients :

Coefficients according to SS-EN 1990/A1 table A2.3

w, = 0.60
w, = 0.60
v, =0.50
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3.12.1 Even temperature over entire bridge (JTEMP)

Uniform temperature change across the entire bridge is given in EN 1991-1-5, section 6.1.3.3. This
temperature change is seasonal and mainly causes translation from the bridge's movement centre in

the direction of the respective support.

Funktion enligt SS EN 1991-1-5 figur 6.1 ( funktion till brotyp 3 ) :

T,(T) = linterp|(-50 0 30 50)7-°C.(~2 7 32 52)T.sc. 1

Lo max = Tel Tmax) = 36°C

T . T | -‘1='
Temin = Tel Tmin/ 32°C

T+ =T, nax — To = +36°C — 10°C = +26°C

T~ =Tomin — Ty = —32°C — 10°C = —42°C
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Load . JTEMP+

Structural loading : Temperature
Definition : Nodal lines & surfaces
Final temperature : +26 C

Initial temperature : +0 C

Load case : JTEMP+

L.oad.. JTEMP-

Structural loading : Temperature
Definition : Nodal lines & surfaces
Final temperature : -42 C

Initial temperature : +0 C

Load case : JTEMP-

Load case
JTEMP+
JTEMP-
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3.12.2 Uneven temperature of entire cross section (OJTEMP)

Determined according to EN 1991-1-5 § 6.1.4.1. When assessing the impact, a coating with a
thickness of 100 mm = type 3

ki gur = 0.7
kz.sur = 1-0
ATax = +15°C - ky g = +11°C: - upper surface warmer
AT pin = —8°C - ky 5y = —8°C: - lower surface warmer

The occurring temperature change AT refers to the linear difference between the temperature at the
top and bottom of superstructure.

Uneven temperature is indicated as a temperature gradient % when defined in FEM-program.

sTmax 11°C _ _
| = |15m = : maximal temperature gradient
6Tmln o -
| - minimal temperature gradient
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Structural loading : Temperature
Definition : Element

Final Z temperature gradient : +8 °C/m

Loadcase.;.QJTEMP:
Structural loading : Temperature
Definition : Element

Final Z temperature gradient : -6 °C/m

Load case
OJTEMP+
OJTEMP-
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3.12.3 Load combination

Load combination according to SS-EN 1991-1-5 § 6.1.5.

Alternative 1 (wy, = 0.75) :

Alternative 2 (wy = 0.35) :

Load combination. smart TEMP-1 :

T + wy - AT

wy T+ AT

Load case Permanent factor | Variable factor
JTEMP 0 1.00
OJTEMP 0 0.75

Load combination. smart TEMP-2 :

Load case

Permanent factor

Variable factor

JTEMP

0

0.35

OJTEMP

0

1.00

Load case

TEMP-1

TEMP-2
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3.13 FORSPANNING

Analysis of pre tensioned cable is studied at times : to (5 days), t1(30 days) and t> (120 years).

The preliminary location of cables is determined with program PROG B2.001.

The location is imported as a spread sheet into FEM-program as a tension profile. The location is defined
with local coordinates associated to nodal lines (LB 1-3).

Initial prestress loss at time t0 is only due to friction. This is determined with FEM-program and program

PROG B2.001.

Determination of time loses (n: ) is made in separate program PROG B2.002. Preliminary analysis
will use losses seen below. They will be verified later during detailed design.

Time Nt Load combination Load case
t0 0% | PT-TO 1.00 x PT-TO
tl 6% | PT-T1 0.94 x PT-TO
2 16% | PT-T2 0.84 x PT-TO
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3.13.1 General

Pre tensions system VSL 6-15.

Material :

f o1 = 1640 MPa
f, =1860 MPa
E, =195 GPa

u =0.18

k=0.005-i
m

290 mm x 290 mm ( same for both passiv and active anchorage )

Ultimate load :

See SS-EN 1992-1-1 section 5.10.2.1

o v = min( 0.8 f,;0.9 f ;)= min( 1488 MPa ;1476 MPa ) = 1476 MPa

p, max

See SS-EN 1992-1-1 section 5.10.3

oo =min( 0.75 f,;0.85 f ., ) = min( 1395 MPa ;1394 MPa ) = 1394 MPa

p, max
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3.13.2 Execution

Associated to pre tension system VSL 6-15.

Recommended measurements :

d =90 mm

a>50mm

b1, cl>0.7d = 63 mm but 100 chosen !

b2, c2 >1.0d = 90 mm but 100 mm chosen !
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A=70mm

B = 1200 mm

C=1700 mm
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Measurements of cables VVSL 12-15 :

e . X
]
(11]
]
]
"3
3,
i >~
L]
< ]
' . . @
]
— A - — -
A =290 mm

e> 175mm+TB

X =400 mm
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3.13.3  Preliminary cable location

In the static model cables are simplified (= 4 cables are modelled as one fictive cable as seen
below).

Profiles can be defined using “global coordinates” or as “local coordinates mapped to lines”. The
later of this method is used. The nodal lines associated to LB 1 and LB 23 are used.

20, ‘13/@1@ / 71
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Principle sketch:
& +ve [otallon angle
<
"' +vie projection angle
[beam axis)
Summary input - pretensioned cables:
Tendon Max. Min.
load Area Slip Left Right |prestress |prestress |Pretension| Location
side side before after force y(+)
KG V1 2250 3 |Active |Passive 1476 1394 3320" +0.72
KG V2 2250 3 Passive |Active 1476 1394 3320" +0.72
KG CV1 2250 3 Active Passive 1476 1394 3320" +0.24
KG Cv2 2250 3 Passive |Active 1476 1394 3320" +0.24
KG CH1 2250 3 | Active Passive 1476 1394 3320" -0.24
KG CH2 2250 3 Passive |Active 1476 1394 3320" -0.24
KG H1 2250 3  |Active Passive 1476 1394 3320" -0.72
KG H2 2250 3 Passive |Active 1476 1394 3320" -0.72
- mm? | mm - - MPa MPa KN m

* = chosen prestress 1476 MPa
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Beam Location Cables Fictive load

LB 1 Left side 1 KG V1 (=1 xVSL 6-15)
== Left side 1 KG V2 (= 1 x VSL 6-15)
== Left side 1 KG CV1 (=1 x VSL 6-15)
-~ Left side 1 KG CV2 (= 1 x VSL 6-15)
== Right side 1 KG CH1 (= 1 x VSL 6-15)
= Right side 1 KG CH2 (= 1 x VSL 6-15)
e Right side 1 KG H1 (= 1 x VSL 6-15)
== Right side 1 KG H2 (= 1 x VSL 6-15)
LB 2 Left side 1 KG V1 (=1 x VSL 6-15)
== Left side 1 KG V2 (= 1 x VSL 6-15)
== Left side 1 KG CV1 (=1 x VSL 6-15)
= Left side 1 KG CV2 (= 1 x VSL 6-15)
== Right side 1 KG CH1 (= 1 x VSL 6-15)
-e Right side 1 KG CH2 (= 1 x VSL 6-15)
== Right side 1 KG H1 (=1 x VSL 6-15)
== Right side 1 KG H2 (= 1 x VSL 6-15)

File : A3 Loads

Datum : 2025-12-22

Tid : 14:31




Part A— CALCULATION ASSUMPTION

Pretensioned double girder bridge

Status : Page:
A3:75
Date : Created :

3.13.4

Load definition

Profile is retrieved from page A3:83.

3.134.1

Tendon profile

X(+) : X' (+)
y(+) : -0.72m
z(+): -0.75 m + yp(+)
X(+) z(+)
0 +0.45
0.50 +0.45
3.80 +0.18
8.50 -0.45
12.50 -0.60
18.50 -0.15
22.50 +0.35
26.50 +0.60
30.50 +0.35
34.50 -0.15
40.50 -0.60
44.50 -0.45
49.20 +0.18
52.50 +0.45
53.00 +0.45
m m
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X(+) X' (+)
y(+) : -0.48 m
z(+): -0.75 m + yp(+)
X(+) z(+)
0 +0.45
0.50 +0.45
3.80 +0.18
8.50 -0.45
12.50 -0.60
18.50 -0.15
22.50 +0.35
26.50 +0.60
30.50 +0.35
34.50 -0.15
40.50 -0.60
44.50 -0.45
49.20 +0.18
52.50 +0.45
53.00 +0.45
m m
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X(+) X' (+)
y(+) : +0.48 m
z(+): -0.75 m + yp(+)
X(+) z(+)
0 +0.45
0.50 +0.45
3.80 +0.18
8.50 -0.45
12.50 -0.60
18.50 -0.15
22.50 +0.35
26.50 +0.60
30.50 +0.35
34.50 -0.15
40.50 -0.60
44.50 -0.45
49.20 +0.18
52.50 +0.45
53.00 +0.45
m m
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X(+) : X' (+)
y(+) : -0.48 m
2(+); -0.75 M +yp(+)
X(+) z(+)
0 +0.45
0.50 +0.45
3.80 +0.18
8.50 -0.45
12.50 -0.60
18.50 -0.15
22.50 +0.35
26.50 +0.60
30.50 +0.35
34.50 -0.15
40.50 -0.60
44,50 -0.45
49.20 +0.18
52.50 +0.45
53.00 +0.45
m m
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Pretensioned double girder bridge Date : Created :

A determination of the cable profile and verification of short-term losses is carried out using the
calculation program B2.001, where all forms and partial results are reported.

To meet the requirement for permissible stress, 3 mm theoretical locking slip is needed, see page
A3:91.

Various manufacturers have requirements for the minimum possible locking slip in active
anchorage corresponding to 6 mm. In system calculations, 6 mm is applied in all active anchorages
on the safe side.
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Cable KG 1-8:
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Pretensioned double girder bridge

ELEVATION

Part 11
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Friction loss tendon profile Page A3:82

PROG B2.001 /2001-12-01 ( T022 )

Object: Tendon profile (1 cable VSL 6-15)

PRINCIPLE SKETCH

H .
Wl nsier nogar
]
L = e
e I
INPUT
Total cable length: Liyperi =050 m+26-m+26-m+0.5 m=53 m

Number of definition points: N:=15-pcs

Friction coefficients: 1:=0.18 k:=0.005 - rad

Resistance cable: Jpo.1x:=1640+MPa

J;k:: 1860« MPa

E-modulus cable: E :=195GPa

Tendon area: A :=2250 - mm*

Date: 12-10-2025

File: PROG B2_001.mcdx
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PROG B2.001 /2001-12-01 ( T022 )

Page A3:83

Maximum permissible tensile force before locking according to SS-EN 1992-1-1 section 5.10.2.1:

min (0.8« f,,0.9f,5 1) + A, =3321 kN

Selected prestressing force:

Vyi=3320+ kN

Maximum permissible tensile force after locking according to SS-EN 1992-1-1 section 5.10.3:

min (0.75 1, 0.85f, 1) + A, =3137 kN

Type of anchorage ("Passiv" or "Aktiv") / chosen maximum tendon force after locking:

Section Type Ve [ KN ]
Left Aldiv 3137
Right Passiv 3137

Defined points along cable:

Section | 3(m) | vy (mm) | B, (mm) W) | 29
Left 0 300 1 300 0 0,45
1 0,500 300 1300 0,00 0,43

2 3,800 37l 1300 100 0,18

3 8,300 1200 1300 1.00 0,43

4 12,5300 1350 1300 1.63 20,60

3 18,500 00 1300 7,03 0,15

] 22,500 400 1 300 LUSAS 13,05 0,35

7 26,300 150 1300 = 18.03 0,60

8 30,300 400 1300 23,03 0,33

9 34,400 400 1300 2003 0,13

10 40,500 1350 1300 34,45 20,60
11 44 500 1200 1300 35,10 0,43
12 49200 iN 1 300 35,10 0,18
13 32,300 300 1300 33,10 0,43
Bight 33,000 300 1300 36,10 0,43
m m

Date: 12-10-2025

File :

PROG B2_001.mcdx
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PROG B2.001 /2001-12-01 ( T022 )

CALCULATION

Create mathematical functions for a beam and a cable

C:=pspline <xp ,yp> : determination of coefficients for parabolic spline functions
y(x)=interp (C,x,,,,x) : cable routing (= spline functions)
, d .

y (x)=—y(x) : slope of cable routing

dx

d2
y 7 (x):= — (x) : curvature change of cable routing

dx

: lowest curvature radius of cable routing

Rmm T YRS S
max (y" (\))

Friction loss function measured from the "left" side

a,=ifli>1, ; b () =y ()]0 : accumulated change in angle
Boi=p (0, +k-x) . friction loss exponent
ny=e : friction loss before locking
Myoi=e€” : friction loss after locking

Location of maximal cable force on "left" side after locking of cable

e = | Xgae — 0m i Typ = Passp”
i Typ = "Akin”
«— Im

Estan

Rykiy *— r“-'m':‘.m.!.'. = "'-a liﬂ't'ﬂ'l | X Mvf Rutnrf - Xatard

Date: 12-10-2025

File: PROG B2_001.mcdx
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PROG B2.001 /2001-12-01 ( T022 )

Friction loss function measured from the "right" side

api=if[i>1, i [y () =y (x;.)],0 : accumulated change in angle
J=i+1

By=p- (ah +he (ngl_x)) : friction loss exponent

M= e : friction loss before locking

Mo i=e" : friction loss after locking

Location of maximal cable force on "right"” side after locking of cable
X = | %o ¢ Ligb  Typ = "Passi”
& Typ = "Akmv’
Xstann & Ll.'il'l:-:l -2m

sy € 100t Vinay — Vi linterp (X, s Xseard - Tstar)

Location where curve of cable force "right" side intersects curve of cable force "left"

X = | %spir < Liapet § Top = "Aktv™ A Typ = Passi”
Xz 0m # Typ = Passs” A Tvp = "Aktv”
if Typ = "Aktv" A~ Typ = "Aktiv”

start = 0.5 -Liapel

spar ¢ root| Vi interp (X, nivr. Xstan) — Vi linterp | X, npf, Xstord - Xstand

Determine cable force at each end of cable after locking

Cable force at "left" side :

Pee = | Vg linterp (X nipe,0m) # Typ = Pasen”

I"‘Il'lﬂ.l.

—————— i Typ = "Akti’
HT'TETT-‘ (X, TNve 1lu\'l "

Cable force at "right" side :

Phe = | Vmaz Imterp (X, nof Liabetl § Typ = "Passn”
\

Hian

2 i r'- = "Alkn"
linterp | X, npse. X 4

Date: 12-10-2025

File: PROG B2_001.mcdx



Friction loss tendon profile

PROG B2.001 /2001-12-01 ( T022 )

Page A3:86

Determine post slip / "lock sliding" at each end of cable

Left side :
X

AL, :=if | p = “Aktiv”, ” lE . J- (Vd « linterp (X, f;‘f,x) — P, «linterp (X, Nve ,.\')) dx,0
AgtLs

Right side :
Laet

’ . J. (Va « linterp (X, Mips x) — P, - linterp (X, Nhe ,_1')) dx,0

.
Agrliy
P

ALy =if | ip = “Aktiv”,

Determine cable elongation before locking of cable
Left side:

L=

1

Xy
| (V,-li X, n.x)) dx
:15 ES ) ( 5 mterp( Nyr A)) X

Right side :

Liater

- J. (Vs+linterp (X, 3, x)) dx

s 5 Y
“Am

1

Lh =

Function - determine cable force at arbitrary location along cable before locking

Vy-linterp( X, 1)y.x) if x € Xy
Vy-linterp( X, 1)5,x) if x> X,

Psee =

Function - determine cable force at arbitrary location along cable after locking

P = || if x <X,
” P, - linterp (X, Hye s _\')

if X, <x<X,

| Ve linterp (X, Hufs _r)

if X, <x<X

m= mh
” Vyelinterp (X, sy, x)
if x> ""-ynh

” P+ ﬁﬂ[&l’p (-Yﬁ Mhe » 'T)

Date: 12-10-2025

File: PROG B2_001.mcdx
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PROG B2.001 /2001-12-01 ( T022 )

Page A3:87

Staking-out data for cable location in table form

Arbitrary sections :

Sections x ({m) |Remark
1 0 -
2 030 -
3 2,00 .
4 3,00 -
5 3,50 -
6 700 -
6 10,30 -
8 13,50 -
9 16,30 -
10 20,00 -
11 23,30 -
12 26,50 -

Cable locations :

Sections v (m) |Rematrk Qzp{m)
1 0.300 Anchors 1200
2 0,300 - 1.200
3 0374 - 1,126
4 0473 - 1,027
3 0371 - 0929
b 1,024 - = 0476
7 1324 - 0.176
8 1322 - 0,178
9 1,033 - 0412
10 0,709 - 0,791
11 0318 - 1,182
12 0,150 - 1.350

Qep=H-¥"
Date: 12-10-2025

File :

PROG B2_001.mcdx



Friction loss tendon profile

Page A3:88
PROG B2.001 /2001-12-01 ( T022 )
RESULTS
Beam and Cable routing — graphic presentation
1.8
1.6
1.4
1.2
1
max (Hp> =¥, (m) o
' * 0.6
max (HP> -Y (m) 0.4
Balk,, (m) 0
0
Balkg, (m) [
—0.2
0 5.5 11 16.5 22 27,5 33 38.5 44 49.5 55 g
x, (m)
X (m)
x, (m)
x, (m)

Date: 12-10-2025
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PROG B2.001 /2001-12-01 ( T022 )

Page A3:89

Graphical plotting of cable forces

A 1 22.729
i

3.5-10%4

3.15-10°%4

2.8-10%4

2.45-10°%4

2.1-10%4

Peger () ()

‘ 1.75-10°4

Pie (X ) (kN1

—65-10°

700+

350+

0+

o
)
0
N

Minimum curvature radius

R, =187 m

min

Cable elongation before locking

v

L,=354 mm : left side
L,=0 mm : right side
Post slip / "lock sliding" at each end of cable
AL,=4 mm . left side
AL, =0 : right side
Cable force at each end after locking
P,,=2964 kN : left side
P, =2436 kN : right side
Location of maximum cable force after locking
X,,,=10.294 m : left side
X =53 m : right side

Location of minimum cable force after locking

X,=53m

Date:

File :

12-10-2025

PROG B2_001.mcdx
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3.13.4.2 Tendon properties

Calculation of "long term losses" is not done with FEM-program but separately. Hence "Include: No" in
the table below.

Design code | EN1992-1-1:2004 [ 2014 Eurocade 2+ | | & General
T i B 3
() Losses based en time inputs and Faicot e 25583 G
=lnulsted streszes Medulus of elasticity for teridon 195.0E5 kN/m?
® Approvimate losses, requiring input Concreie stress &l tranafer 10.0E3 KMN/m?
of estimated stressas EH insdantanecus losses
Elastic shortening Madulus of lasticty of concrete &t transfer 1206 kM/m?
Unintertional angular displacemesnt 5.0E-3 rad/m
- . Duct fiction coefficient 018
) Based an design code =1 lness 5 Long term |
Clonrdibed = Include Ma
) User Lol joesen,
(®) Ignore effects
Name‘\.'ELE-iﬁ v @

= The relaxation at times t1 = 30 days and t2 = 120 years is stated on page E5:41.
= Creep at times t1 = 30 days and t2 = 120 years is stated on page E5:41.
= Shrinkage at times t1 = 30 days and t2 = 120 years is stated on page E5:41.

Friction cofficients VVSL:

Calculation is performed as below.

_ L tlatkex)
(x) " Yo e
Type of tendon and duct Range Recommended value
Internal bonded tendon with corru- It =016-022 [t=018
gated steel duct (bare strand) k=0.004 - 0.008 k=0005 (k*=9% m‘ﬁ

n=0.18
rad
k = 0.005—
m
File : A3 Loads
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3.13.4.3

Tendon load case

Load case LB1 — KG V1:

Loadcase LB1 — KG V2:
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Load case LB1 — KG CV1:
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Load case LB1 — KG CH1:
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Load case LB1 — KG H1:
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Load case LB2 — KG V1:

///
=
N
L
N
P
2
2
p
,//
T
-
/,/
-
2
p
- -
p
/// /’,
L z L
N /
L . X e
- =
o ’/
//’/ /l.
B #
- .
- #
~ -
Z
L
#
-
-
N
p
N
2
P
7
//’
P
e
/’/
p
T
p
,/,
///
///
///
>
,’,
/’/
2
r//
/// ///
i -
-~ -
B 2
L z o
- X -
7 e L" e
2 Z
N -
P >
s /r/’
/// 7
-~ T
///
7
Z
T
///
,’/
///
///
-~

File : A3 Loads
Datum : 2025-12-22
Tid : 14:31




Status : Page:

Part A— CALCULATION ASSUMPTION A3:96

Pretensioned double girder bridge Date : Created :
Load case LB2 - KG CV1:
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Load case LB2 — KG CH1:
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Load case LB2 — KG H1:

Loadc case LB2 — KG H2:
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3.134 Load combination

Load combination. basis.. PT-t0O;

Load case Factor
LB1-KG V1 1.00
LB1 - KG V2 1.00
LB1 - KG CV1 1.00
LB1 — KG CV2 1.00
LB1 — KG CH1 1.00
LB1 - KG CH2 1.00
LB1 - KG H1 1.00
LB1 — KG H2 1.00
LB2 - KG V1 1.00
LB2 — KG V2 1.00
LB2 - KG CV1 1.00
LB2 — KG CV2 1.00
LB2 — KG CH1 1.00
LB2 — KG CH2 1.00
LB2 - KG H1 1.00
LB2 — KG H2 1.00

Load combination basis PT-t1:

Load case

Factor

PT-tO0

0.95

Load combination basis PT-t2:

Load case

Factor

PT -1t0

0.84

Load case

PT-t0

PT-t1

PT-t2

File : A3 Loads
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3.14 LOAD COMBINATIONS

Verification of load capacity shall be carried out for several limit states as detailed in this section.

The risk of fatigue according to the partial factor method is checked using equation 6.69 provided in
document SS-EN 1992-1-1.

Other Limit States:

For other limit states, section 6.4.3 of EN-1990 is applied.

File : A3 Loads
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3.14.1 Ultimate Limit States (ULS)

When checking the ultimate limit state, the load factors vary depending on the type of failure as
detailed below:

STR: Verification of structural bearing capacity
GEO: Verification of geotechnical bearing capacity

For checking the ultimate limit state, TRVNFRA-00227 section 7.1.6.3 specifies requirements for
load combinations as follows.

Design Method D2 (Set B) according to TSFS 2018:57 Table 4.4 shall be applied for the structural
bearing capacity of the construction (STR; SK 3).

Design Method is defined according to EN-1990 equations 6.10a and 6.10b as detailed below.

loa_ZYG] Grj*+7Von1- Vo1 Q1+ ZYQl Yoi - Qki = YYuLs-a- (Zij Zle)

jz1 i>1 j>1 i>1

10b_Z€] )/G] Gk]+yQ1 Qk1+ZYQL l/)()l le l/)yULSB (ZGk1+Zle)

j=z1 i>1 j>1 i>1

Equation 6.10a refers to the (ULS-A) case where the permanent loads are dominant, usually during
the construction phase.

Equation 6.10b refers to the (ULS-B) case where the variable loads are dominant.
Design method 2 (set B) according to TSFS 2018:57 table 4.4 shall be applied for the structural
capacity (STR; SK3).

Al (construction loads)

All load factors are greater than set C.

A2 (geotechnical loads)

o Load coefficient earth pressure:
UYyrLs—a = Yd - 1.35 Ngype =1.0-0.89-135-11=1.49 <« dimensioning
UYyrs-g = Ya - 0.89-1.35 Ngypg=10-089-135-11 =133

¢ Load coefficient surcharge:
VUYurs—a =Yq " Po-150=10-0.75-150 =113
UYurs— = Yq - 1.50=1.0-150 = 1.50 <« dimensioning

File : A3 Loads
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3.14.1 Ultimate Limit States (ULS)

When checking the ultimate limit state, the load factors vary depending on the type of failure as
detailed below:

STR: Verification of structural bearing capacity
GEO: Verification of geotechnical bearing capacity

For checking the ultimate limit state, TRVNFRA-00227 section 7.1.6.3 specifies requirements for
load combinations as follows.

Design Method D2 (Set B) according to TSFS 2018:57 Table 4.4 shall be applied for the structural
bearing capacity of the construction (STR; SK 3).

Design Method is defined according to EN-1990 equations 6.10a and 6.10b as detailed below.

loa_ZYG] Grj*+7Von1- Vo1 Q1+ ZYQl Yoi - Qki = YYuLs-a- (Zij Zle)

jz1 i>1 j>1 i>1

10b_Z€] )/G] Gk]+yQ1 Qk1+ZYQL l/)()l le l/)yULSB (ZGk1+Zle)

j=z1 i>1 j>1 i>1

Equation 6.10a refers to the (ULS-A) case where the permanent loads are dominant, usually during
the construction phase.

Equation 6.10b refers to the (ULS-B) case where the variable loads are dominant.
Design method 2 (set B) according to TSFS 2018:57 table 4.4 shall be applied for the structural
capacity (STR; SK3).

Al (construction loads)

All load factors are greater than set C.

A2 (geotechnical loads)

o Load coefficient earth pressure:
UYyrLs—a = Yd - 1.35 Ngype =1.0-0.89-135-11=1.49 <« dimensioning
UYyrs-g = Ya - 0.89-1.35 Ngypg=10-089-135-11 =133

¢ Load coefficient surcharge:
VUYurs—a =Yq " Po-150=10-0.75-150 =113
UYurs— = Yq - 1.50=1.0-150 = 1.50 <« dimensioning
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Design method D3 (set C) according to TSFS 2018:57 table 4.5 shall be applied for determining
geotechnical bearing capacity (GEO; SK 2).

The design method is defined according to EN-1990 equation 6.10a and 6.10b as presented below.

ma_zyaj Grj+vo1 You- Qk1+zVQL Yoi - Qki = YYuLs—ca (ZGk]+Zle)

j=21 i>1 j>1 i>1
wb_Zf] Yej Grj*Vo1 Qkat ZYQl Yoi - Qki = YYuLs-cB (ZGk] Zle)
jz1 i>1 j>1 i>1

Equation 6.10a refers to the (ULS-A) case where the permanent loads are dominant, usually during
the construction phase.

Equation 6.10b (ULS-B) refers to the case where the variable loads are dominant.

Design method 3 (set C) according to TSFS 2018:57 table 4.5 shall be applied for determining
geotechnical bearing capacity (GEO).

Al (construction loads)

All load factors are less than set B.

A2 (geotechnical loads)
e Load coefficient earth pressure: Yy;orqg = ¥a * 1.1 Nsype =091-11-11 =110

o Load coefficient surcharge: Wysyer = Yq 140 =091-140 = 1.27
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Load combination. smart ULS-PERM :

Load case Permanent factor | Variable factor
EGEN 1.00 1.20
BELAGG 1.00 1.20
JORD 1.00 1.20
STOD 0 1-2'fSTOD =0.40
KRYMP 0 1.2-skrymp = 0.40

Load combination. smart ULS-VAR :

( Load cases to consider : 5/ Variable loadcases : 1)

Load case Permanent factor | Variable factor
TRAFIK 1.13 1.50
BROMS 1.13 1.50
SIDO 1.13 1.50
TEMP 0.90fTEMp =0.70 1-5‘fTEMP =1.2
VIND 0.45 1.50

For STR load case TEMP may be neglected, see SS-EN 1992-1-1 section 2.3.1.2(2).

Load combination. smart ULS-0 :

Load case Permanent factor | Variable factor
ULS-PERM 1.00 1.00
ULS-VAR 0 1.00

Load combination.smart ULS :

Load case Permanent factor | Variable factor
ULS-PERM 1 0
PT 1 1.35
ULS-VAR 0 1
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3.14.2 Bruksgranstillstand (SLS)

Bruksgranstillstandet ar uppdelat i 3 st lastlastkombinationer beroende pa dess varaktighet.
Lastkombinationerna redovisas nedan.

Lastkombination | Varaktighet
SLS:K Karakteristisk
SLS:F Frekvent

SLS:Q Kvasipermanent

Lastkombination SLS:K enligt EN 1990 ekv. 6.14b redovisas nedan.
Esq = Z Grj+ Q1+t Z Yoi - Qki = V¥sisk (Z Gy j+ Z Qx.i)
j=1 i>1 j>1 i>1

Lastkombination SLS:F enligt EN 1990 ekv. 6.15b redovisas nedan.

Esq = z Grjt 1 Qrat Z Yo Qki = Y¥sis2 - (Z G j+ Z Qk.i)
j=z1 i>1 j>1 i>1
Lastkombination SLS:Q enligt EN 1990 ekv. 6.16b redovisas nedan.

Esq = Z Gy j+ Z Yo Qki = Y¥siso - (Z Gy j+ Z Qx.i)

j=1 i>0 j>1 i>1

Vid dimensionering tillampas lastkoefficienter tillhGrande ekvationer 6.14a, 6.15b och 6.16b, se

harledning se sida A3:137.
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Nr | Last WYsLs-K WYsLS-F YYsLs-Q
Permanent loads
1 |Egentyngd max 1,00 1,00 1,00
min 1,00 1,00 1,00
2 | Belaggning max 1,10 1,10 1,10
min 0,90 0,90 0,90
3 | Overfyllnad max 1,10 1,10 1,10
min 0,90 0,90 0,90
4 |[Jordtryck max 1,10 1,10 1,10
min 0,90 0,90 0,90
5 | Vattentryck max 1,00 1,00 1,00
min 1,00 1,00 1,00
6 | Stodforskjutning max 1,00 1,00 1,00
min 1,00 1,00 1,00
7 | Krympning max 1,00 1,00 1,00
min 1,00 1,00 1,00
8 | Spannkraft max 1,00 1,00 1,00
min 1,00 1,00 1,00
Variable loads
Lastmodell LM 1 :
9 |Boggiesystem 0.75/1.00 | 0/0.75 0
10 | Utbredd last 0.40/1.00 | 0/0.40 0
11 | Bromskraft 0.56/0.75 | 0/0.56 0
12 | Sidokraft 0.56/0.75 | 0/0.56 0
13 | Centrifugalkraft 0.56/0.75 | 0/0.56 0
Lastmodell LM 2 :
14 | Enstaka axellast 0.75/1.00 | 0/0.75 0
Typfordon EG A/B :
15 | Typfordon EG A/B 0.75/1.00 | 0/0.75 0
20 | Bromskraft 0.56/0.75 | 0/0.56 0
22 | Sidokraft 0.56/0.75 | 0/0.56 0
22 | Centrifugalkraft 0.56/0.75 | 0/0.56 0
16 | Temperatur 0.60/1.00 | 0.50/0.60 0.50
Vindlaster:
17 | Vindlast mot bro 0.30/1.00 | 0/0.30 0
18 | Vindlast mot trafik 0.30/1.00 | 0/0.30 0
19 | Overlast 0.75/1.00 | 0/0.75 0
File : A3 Loads

Datum : 2025-12-23
Tid : 09:59




Status : Page:
Part A— CALCULATION ASSUMPTION A3:107
Pretensioned double girder bridge Date : Created :

Load combination. smart SLS-PERM :

Loadcase Permanentfactor | Variable factor
EGEN 1.00 1.00
BELAGG 0.90 1.20
JORD 0.90 1.20
STOD 0 1-0'fSTOD =0.33
KRYMP 0 1.0'fKRYMP =0.33

Load combination. smart SLS-K-VAR :

( Load cases to consider : 5/ Variable loadcases : 1)

Loadcase Permanent factor | Variable factor
TRAFIK 0.75 1.00
BROMS 0.56 0.75
SIDO 0.56 0.75
TEMP 0.60fTEMP =0.50 1.0'fTEMP =0.80
VIND 0.60 1.00

Load combination. smart SLS-F-VAR :

Load case Permanent factor | Variable factor
TRAFIK 0 0.75
BROMS 0 0.56
SIDO 0 0.56
TEMP 0 O.GOfTEMP =0.50
VIND 0 0.30
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Load combination. smart SLS-KO :

Load case Permanent factor | Variable factor
SLS-PERM 1 1
SLS-K-VAR 0 1

Load combination. smart SLS-K:

Load case Permanent factor | Variable factor
SLS-PERM 1 1
PT 1 1
SLS-K-VAR 0 1

Load combination. smart SLS-FO :

Load case Permanent factor | Variable factor
SLS-PERM 1 1
SLS-F-VAR 0 1

Load combination. smart SLS-F :

Load case Permanent factor | Variable factor
SLS-PERM 1 1
PT 1 1
SLS-F-VAR 0 1

Load case Permanent factor | Variable factor
SLS-PERM 1 1
TEMP 0 0.50fTEMP = 0.40

Load case Permanent factor | Variable factor

SLS-PERM 1 1

PT 1 1

TEMP 0 0.50fTEMP =0.40
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3.14.3 Fatigue load combination

Fatigue is considered according to SS EN 1992-1-1, 6.8.4 and 6.8.6, and SS EN 1992-2, 6.8 and
Appendix NN.

The risk of fatigue is checked using a simplified method, denoted as the A-method.
Load combination according to equation SS-EN 1992-1-1 section 6.8.3 equation 6.69.

In this load combination, the traffic load is considered to consist of UTM, whereby other traffic
loads are excluded.

Es =ZGk,j +P+y,,-Q, +Z‘//2,i “Qui Qe =¥WVumm '(ZGk,j + P+ZQk,i +Qp)

i>1 i>1 i>1 i>1

Fatigue is considered according to SS EN 1992-1-1, 6.8.4 and 6.8.6, and SS EN 1992-2, 6.8 and
Appendix NN.

The risk of fatigue is checked using a simplified method, denoted as the A-method.
Load combination according to equation SS-EN 1992-1-1 section 6.8.3 equation 6.69.

In this load combination, the traffic load is considered to consist of UTM, whereby other traffic

loads are excluded.

Permanent loads:

Nr | Load YYUTM
1 |Egentyngd max 1.00
min 1.00
2 |Belaggning max 1.10
min 0.90
3 |Overfylinad max 1.10
min 0.90
4 | Jordtryck max 1.48
min 0.90
5 | Vattentryck max 1.00
min 1.00
6 |Stodforskjutning  max 1.00
min 1.00
7 | Krympning max 1.00
min 1.00
8 | Spannkraft max 1.00
min 1.00
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Variable loads:

Load

YYutM

10
11
12
13

14

15
16
17
18

19

20

21

22
23

Lastmodell LM 1 :
Boggiesystem
Utbredd last
Bromskraft
Sidokraft
Centrifugalkraft

Lastmodell LM 2 :
Enstaka axellast

Typfordon EG A/B :

Typfordon EG A/B
Bromskraft
Sidokraft
Centrifugalkraft

Temperatur
Vindlaster:
Vindlast mot bro

Vindlast mot trafik

Overlast
UTM3

0.60

0.30

0.30

1.01
1.00
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Load combination. smart FAT :

(FAT-0 is identical but does not contain load case PT-t0)

Load case

Permanent factor

Variable factor

EGEN

1.00

BELAGG

1.00

JORD

STOD

KRYMP

PT-t0

VIND

UTM

OVER

TEMP

Load cases BELAGG, STOD and KRYMP are not fatigue loads, thus load coefficient 1.0 is

applied.

Load cases pretension is not a fatigue loads, thus load coefficient lowest load value of value is
assumed PT-t2 ( = 0.84-PT-t0) is applied.

Load case JORD is not a fatigue load, thus load coefficient highest load coefficient is applied.

Load cases TEMP, VIND and OVER are not fatigue loads, thus load is not considered.

During verification STR, the load case TEMP can be neglected according to SS-EN 1992-1-1

section 2.3.1.2(2).
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