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Downloads

Download the files using the below given links and move ahead to the given steps as these files
will be used in the tutorial. These download links have been repeated in the tutorial as and
when needed but once you have downloaded all files from this page, you need not redownload
the files from the later pages of this tutorial.

+ Extradosed Bridge GAD Download Link

+ Sections Download Link

+ Placements.dat Download link

+ Actions.dat Download link

+ Springs.dat Download link

+ Tendons.dat Download link

+ T Coordinates.dat Download link

+ Final State Calculation.dat Download link

+ Update Cable Pretension.dat Download link

+ Construction Stages.dat Download link

+ Precamber plot.dat Download link

+ Traffic Loads.dat Download link

+ Wind Load.dat Download link

+ Temperature Loads Download link

+ Response Spectrum Download link

+ SLS Fatigue.dat Download link

+ Check Cable.dat Download link

+ All links and Full model download link
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Overview

This tutorial is of three single span straight post tensioned Extradosed Box Girder concrete
bridge. There are two Pylons. The substructure includes well-foundation. The analytical model
of the bridge consists of beam & cable elements.

Design Code: This tutorial is based on IRC 112.

38000

N é‘ *ﬂ$r
% Pier
End Girder | i
Mid Girder Pylon Well-foundation

Step 1 : Download GAD
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Modelling using SOFiPLUS-X .g

Step 2 : Input System Information

+ Open SSD and click on ‘New Project’. D New project

Create a new SOFISTIK Structural
MNew Desktop project.

+ Click on the folder icon next to the ‘Name’ and browse to the folder where the new project
along with the temporary files will be saved. This is the name of the project file. Input of the
‘Title’ for printing it at the top of software generated reports is optional.

+ Select the Design Code as ‘IS’ and ‘IRC112’ for material and cross section definition.

+ Make sure that the System is ‘3D’ and the Gravity Direction is ‘Negative Z-Axis.

+ Under the Groups, reduce the Fixed Group Divisor to 1000.

+ Under the Regional Properties, click on . | to set the Units as ‘Structural Engineering

(sections in mm, system in m).

+ Click on ‘OK’ to apply the changes and close the system information dialog box.

] «# SORSTIK: System Information *

ip roject

Name: | D:A1_Technical\3_Materials\Tutorials\Extradosed Bridge\Model file\Extradosed Bridge.sofistik A | 8

Title: )2 Pylon Extradosed bridge |

Design Code

Indian Standard IRC 112 (2011) Concrete Road Bridges

= +||lrC12 | [N~
System Gravity Direction
- pr— z
. } y
ol
) T X
D 2D 2D 2D 2D 2D
Slab/Girder  Prestressed Slab ~ Wall/Frame  Plane Strain  Axial Symmetric Negative Z-Axis = |
Groups Regicnal Properties
® Fixed Group Divisor: | 1000 Unit Set: Structural Engineering (sections in mm, system in m) | |
() Automatic Factor group base: | 10000 Language: English |_|
Location: | |
Boxed Values:
Preprocessing: | SOFIPLUS(-X) - Graphical Preprocessing = |
Used Template: | 3D Prestressed Concrete Bridge " |

[ ok | concet || Hep

Figure 2.1: System Information
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Modelling using SOFiPLUS-X ‘é

Step 3 : Define Properties (Materials & Cross Sections)

© Note

Since SOFiIPLUS is in AutoCAD, a practice of saving the project file (Ctrl+S) is recommended.

+ Inside the SSD (SOFiSTiK Structural Desktop), go to vstem

¥ System
Project Navigation Tree or Task Tree and right click g/S System Information
on M 20 material and click on ‘Edit’. o0 Materials

+ Select ‘Classification: 60’ for M 60 grade concrete as shown in Figure 3.1. M 60 concrete will
be used for girders.

+ Click on ‘OK’ to apply the changes and close the material definition dialog box.

¥ SOFi5TiK: Design Code Material
|

Indian Standard IRC 112 (2011} Concrete Road Bridges (IN)

Number: | 1/ Title: M 60 (IRC 112)-Bod] | |

Type: |(IRC 112) Standard Concrete - | Classification: || Kind of Cement: |

Properties | Strength Bedding

General properties Advanced>>

Self weight: v 250 kN/m?* |
Density: p | 24000 kg/m® |
|
| ‘ Thermal Properties ... | | Creep Shrinkage ... ‘

Ii 0K I| Cancel || Help |

Figure 3.1: Material Definition
+ Right click on ‘Materials’ and click on ‘New Material from Design Code'.

+ Select ‘Type: (IRC 112) Prestressing Steel’ and ‘Classification: 1600’ for Fy 1600 grade steel
tendon, and click on ‘OK’. Cables and Tendons of 1600 Mpa yield strength will be used.

Project Navigation ® = L
¥ System
[6 System Information

<» SOFISTIK: Design Code Material

Indian Standard IRC 112 (2011) Concrete Road Bridges (IN)

Number: | 3| Title: |Fy 1600 (IRC 112) |

Type |[]IRC 112) Prestressing Steel - | Classification: | 1600 ax thickness: | 0.0 mm |

Properties | Strength Bedding

ranaral nranartine

rain Curves ... | | Property Sets ... | ‘ Thermal Properties ...

I‘ 0K ‘l Cancel H Help

Figure 3.2: Prestress Material Definition
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+ Right click on ‘Materials’ and click on ‘New Material from Design Code’.

+ Select Classification : 70 to define M70 grade of concrete for Piers & Pylons. Click OK.

¥ SOFi5TiK: Design Code Material

Indian Standard IRC 112 (2011) Coencrete Road Bridges (IM)

Number: | 4| Titie:[ M 70 (RC 112) - Pytong |

Type: | (IRC 112) Standard Concrete - | Classification: A | Kind of Cement:

Properties | Strength Bedding

General properties Advanced>»
Self weight: v 25.0 kN/m? |
Density: b | 24000 kg/m” |

:H Creep Shrinkage ... |

| ok || cancet || Hep |

¥

Figure 3.3: Pylon Material Definition

+ Repeat to add M45 grade of concrete as shown in the fig. 3.4 below.

<« SOFi5TiK: Design Code Material

Indian Standard IRC 112 (2011) Concrete Road Bridges (IN)

Number: | 5 Title: M 45 (IRC 112) - well foundatior| |

Type: | (IRC 112) Standard Concrete = | Classification: | Kind of Cement:

Properties | Strength Bedding

General properties Advanceds >
Self weight: v 25.0 kN/m® |
Density: o | 2400.0 ka/m® |

:|| Creep Shrinkage ... |

| ok || cancel || Hep |

Figure 3.4: Well-foundation Material Definition

Project Navigation

+ List of Materials defined:- ~ System

;ba Systern Information
~ 74 Materials
1M 60 (IRC 112) - Box
2 Fe 500 (IRC 112)
3 Fy 1600 {IRC 112)
4 M 70 (IRC 112) - Pylons
5 M 45 (IRC 112) - well foundation

+ Cross Section: In this tutorial due to practicality, there is tapering in all the cross sections.
The sections can taper with respect to axis or by specifying the start and end cross section for
an element. As these are many and to focus on the main aspects of this tutorial, we shall
define the cross sections using the text editor task.
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+ Right-click on Cross Sections > click on Text Editor.

£ et View

¥ 9 Cross Sections
[#] aqua: SECTIONS
I end

2) - wedt foundation

L
[

sign (CABD)

Heo

= asomo

* F Coumntiok

Paragraon

% 5M45 (IRC 112) - well foundation

? Prestressing § -2 Edit

J.? Action Manag ? Mew Standard Section

X SOFPLUS(-X)

5@ New Solid Sectian
Calculation

UK€ Linear Analys| 8 New Thin Walled Section

;!1 Construction g Import
Computer Aided Bri
E‘? Traffic Loader
Rename

LI o R Y e )

'Z::E(:Z' Delete all interpolated secti

Figure 3.5: Open text editor of cross sections task

+ Click here to Download the “sections.dat” file and copy-replace its contents in the project’s
cross sections - text editor task open in the above step.

SOFSTIK 2026 (DAT_Technical3)

W ¥~ 3B imsenaton @ E% (1 Frain Fres

A Previous (Find in Files)

P R | ) et o s

fira
1+PROG AQUA urs:4.1
2HEAD SECTIONS
3PAGE UNII @
4ctrl warn 137
5ECHO SECT FULL
6ECHO PICT YES
7ECHO REFP NO
8ECHO WIND YES
9CTRL REST 3

10

11// =========mmeemecmeeeme—ee—————- Sections --

12SECT 1 MNO 1 TITL 'Box'
13

14TVAR 'H' 4.75
15TVAR 'DW' 35
16TVAR 'BW' 12.5
17TVAR 'GR' 0.025
18TVAR 'OCNT' 3.8
19TVAR 'OSH' 3
20TVAR 'OSH1' 1.25
21TVAR 'OSL' 3
22TVAR 'OHL' 1.5
23TVAR 'IHL' 1.5
24TVAR 'IHCL' 1.5
25TVAR 'IHTL' 1.4
26 TVAR 'WEB' .35
27TVAR 'IWEB' ©.842

22TVAR 'uic' Q

Figure 3.6: Replace text editor of cross sections task

+ Right-click on Cross Sections task and click
“Calculate : Cross Sections”

£ Edit

T Mew Standard Section

5@ Mew Solid Section

5@ Mew Thin Walled Section

S Impart

'ZEZ' Delete all interpolated sections
Rename

E Text Editor

B3 Calculate: "Cross Sections”

C* Calculate up to: "Cross Sections"

CF Calculate from: "Cross Sections”

Bridge'Model Bridge

~ Y%

vI

Figure 3.7: Calculate Cross-sections task

g

Materials

4 1M E0 (IRC 112) - Box
2 Fe 500 (IRC 112)

3 Fy 1600 (IRC 112)

4 M 70 (IRC 112) - Pylons
5 M 45 (IRC 112) - Well foundation
0ss Sections

1 Box

2 Slab

3 Root

4 Wellcap

5 Well above MSL

6 Well below MSL

10 Slab

24 Twin Pylon 1

25 Twin Pylon 2

26 Pylon 1

27 Pylon 2

31 Pier

A0 iSTRUT

41 eSTRUT

70 PILECAP

© 601D 1006 mm

O 602D 757 mm

) 603D 535mm

RARAFREBERFRRO@@HMFMS NNNNN
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Modelling using SOFiPLUS-X

Step 4 : Create Structural Members using AXIS

+ From the Project Navigation pane, double-click on SOFiPLUS(-X) Modeling. This opens the
graphical modeling tool by AutoCAD, i.e. SOFiPLUS-X.

+ Click here to download the GAD.dwg file. IRl la=l
+ In SOFIPLUS-X, click on “Open” to open the “GAD.dwg” file downloaded from above step.

+ Use ctri+shift+C , i.e. copy with base point to copy all the lines with base at 0,0,0.

Extradosed Bridge_tut” GAD x +

19 does not contain a SOFISTIK project.

1) Create System..

nd: _copybase
ify base point: 8,8

Figure 4.1: Copying the GAD of Bridge

+ Come back to our project
dwg and press Ctrl+V at
0,0,0. This will paste all E
the lines with their layers.

o Start  [Extradosed Bridge_tut* X GAD*
+ Go to Isometric view. : i +

i SOFIPLUS 2026 [F1EW Isometric][2D Wireframe]
Figure 4.3: Changing view 7,| 4 |es| | 4l:=5 | =

+ From the System tab go to Axes. Right-click and select ‘Create Axis from 3D AutoCAD
curves...” as shown in the figure 4.4 below. Name the Axis ‘AXIS’ and Click OK.

f#= Bore and Sail Deafilac —— & SOFRSTIK: New Axis name *
m Work L New axis...
%p F'restre‘ I Create axis from 3D AutoCAD curves... I Namel.e.ﬂsl I |
Axes Import axis from SOFISTIK database (.cdb)...

‘ EN oK | Cancel Help

Figure 4.4: Axes command
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+ Select the green polyline of the bridge alignment with one click and press enter. Refer to
figure 4.5.

+ From the Project pane, Axes > Axis > Double-Click on Placements as shown in fig. 4.6 for
dividing the line as per change in sections, support locations and segments as per stages.

Figure 4.5: Converting polyline into Axis

S

')7\190:&5

~  AKIS

Variahles
Secondary Axes

Figure 4.6: Placements for AXIS

+ Click here to Download the placements and variables excel sheet.

+ Copy the cells A3:A115 from the “Placements” sheet of the “placements.xIsx” file.
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+ In the SOFIPLUS-X, placements command, click on P1 and press Ctrl+V. This will take some
time and required number of rows will get generated. Now copy the cells A3:D115 and paste
again on P1. This will again take around 10-15 minutes to reflect the ID names and correct
stations and their types. Click OK.

al

¥ SORSTIK: Placements X

I T O T T T A T O T T T T R T T I A T [ T O T N T T T T T I T IO O A O O LB B O B

Tom 75.000 m 50.000 m 25.000 m 0.000 m 25.000 m 50.000 m TE000 m 100,000 m 126000 m 150,000 m 176.000 m 200.000 m 2315.000m 250000 m 276000 m 300.000 m

— 25000 m
BRI D R T FIER TR0 TR HAREE0 AR OGSNAa DDA A e R T P e TR 00 B
- |
i AX!SH-HHHW%HHHHH-HHHHW
- |
25000 m

? EdERES Station Offset: Automatic 2)

1D Station__w __Ref, ID Ref, Offset Type Global Direction Rot. Local Rot. Local ¥ 1=
P1 0.000 m Neone
Al 0.600 m Excess at Start
s1 1.100m Support
o1 1.350m Mone
D11 3.150m Mone
D21 6150 m MNone
D31 9150m None
D41 9400 m MNone
D31 12400 m Mone
D61 15400 m Mone
D7 18400 m Neone
Del 21,400 m Nene
Dol 24400 m MNone
D101 27.400 m Mone
D111 30.400 m Mone
D121 33.400 m MNone
] »

concel relp

Figure 4.7: Input Placements data.

+ Go to Structural Elements tab in the task tree and click

+ Under the beam/Cable tab, Select Element type as

+ Select the Start and End Cross Sections as

on ‘Line’ as shown in the Fig. 4.8.

Start PSC Tutorial*

Compaosite GAD*

‘Beam with Reference Axis’ since our cross section 2

has eccentric offset from center of cross section.

& point &

(?«, Point Link (?:,
= Bridge Bearing

m

- £

) 4 =1

* *Line L) =
=

1%

“1: Box’ from the drop-down menu.

, Column

General | Beam/Cable | BeamHinges  SupportConditions  Bedding  Lower/UpperWall | Interface Elements [ Design Element 8
Element Type Cross Sections Eccentricity in global directions - .
Beam with Reference Axis 7| tart | 1: Box -l &l 0 Start X0.000 m . .
[pomnrecmmens ] = 1= Figure 4.8: Line Structural Element.
End | 1: Box 0O End X0.000 m

Variable Bedding

BoreProfile  |None  ~ O

FE Mesh Method Intersection Properties Element Length

&) Automatic meshing V| Intersection with Structural Point
niersection Wit SEUCUIRTECINE o) Maximum Element Length |1.000 m
Structural ares independent meshing

© Note

. 0 V| Intersection with Structural Lines
enerate one element Mumber Of Elements

Generate one element with output sections ¥ Intersection with Structural Areas

The variables must not be created before
drawing the line elements to avoid failure in

Figure 4.9: Cross Section numbering the procedure

element.
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+ From the command line at the bottom. Select the option “SEGment on axis”.

Command: sof_se line

s—1¥ SOF SE_LINE Pick first point or [5ELect objecl:s SEGment on axis FlIck lines or cu

Figure 4.10: Line generation option

+ Click on the axis "AXIS” and select the option “Between all placements”. This will create the
line elements all along the axis with the same cross section and group number. We will modify
these further.

Between all placements

Use the segment closest to the picked point

One element between two placements

Cancel

Figure 4.11: Segment on Axis for line
+ Press Esc twice.
+ We shall now modify the sections at the start, pylons, and ends locations of the bridge girder.

+ From the structural elements tab, Create & Modify > Line > click on modify multiple lines
command.

-+
el

*+Line

+ Select the line at the start and end of the Girder alignment. Press Enter. Go to Beam/Cable
tab and select cross section “10: Slab” at the start and end.

General Beam/Cable Beam Hinges Support Conditions E

Element Type Cross Sections
Figure 4.12: Change
Beam with Reference Axis Start | 10: Slab = Cross SeCtion
End | 10: Slab =

+ Click OK.

+ Repeat the command and select the 2" and 3™ lines from start and end of bridge alignment,
Also, select the 2" lines on both sides of the pylons. .Press Enter. Go to Beam/Cable tab and
selet cross section “2: Slab” . Click OK.

Beam/Cable

General Beam Hinges Support Conditic

Element Type Cross Sections
. . i Beam with Reference Axis ~ ~ Starg | 2: Slab
Figure 4.13: Selection of lines for 2:Slab ) ==

section
Variable Bedding
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+ Repeat the command. Select the 15t line on both sides of the Pylons. Press Enter.

+ In the Beam/Cable tab select cross sections at start and end as “3: Root”. Click OK.

General Beamn/Cable Bearn Hinges Support Conditions Beddir

Element Type Cross Sections
Beam with Reference Axis ~ ~ Start |3: Root = [
End |3:Root - [

Variable Bedding

Figure 4.14: Segment on Axis for line

+ Since the tapering in the Piers is polynomial throughout it’s height, we will create the line
elements using the approach of girder, i.e. axis based and taper using variables.

+ Go to the system tab and right-click on the “Axes” > select “Create Axis from 3D AutoCAD
curves...” as shown in the fig. 4.15. Give name as "LP1”.

New axis...
Create axis from 3D AutoCAD curves...

Import axis from S0FISTIK database (.cdb)...

Figure 4.15: Segment on Axis for line

+ Select the vertical pier line as shown in the fig. 4.16 below. Press Enter. Input “LP1” and
select the first pier (in purple), press Enter. Repeat command to make “LP2” for Pier 2 (in
yellow). Repeat the step to make “LP3” for third pier (in red) and “LP4” for fourth pier (in
peach).

& SOFSTIK: New Axis name & SOFISTIK: New Axis nan ¥ SORSTIK: New Axis nam & SOFiSTik: New Axis r

Name[ LP1] | Nemd P2 | nmfed ] Namf[Lp4 |

l 0K I C |
Cancel | Cancel A — ance | OK | Can

Figure 4.16: Axes for Piers
+ From the system tab, Axes > LP1 > double-click “Placements”. Click OK.

+ Repeat for LP2, LP3, LP4.

Tutorial on PSC Composite Bridge | 13
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& SOFISTIiK: Placements X
I T R T A R S T A

30.000 m 40,000 m 50.000 m 60.000 m
T -

T0.000 m £0.000 m $0.000 m 1
* LP -

Placements

= Variables
Secondary Axes

— 0.000-m

? Ep = Station Offset:  Automatic )

D Station w  Ref.ID Ref, Offset
P1 0,000 m

P2 18182 m

Type
Support
Support

Cancel Help

Figure 4.17: Placements for Pier Axis

+ Go to Structural Elements tab, “Line” command, ++ |ine . From the Beam/Cable tab,
select Element type as “Centric Column” and the cross sections at start and end as “31: Pier”.

Click on the option “SEGment on axis” from CAD command line and click on the newly
created axes one after the other. Press Esc twice.

General Beam/Cable Beam Hinges Support Conditions
Element Type Cross Sections :
: sof_se_line
- Start|| 31: Pier * | F_SE_LINE Pick first point or [SELect ObjectsISEGment on axisll
End || 31: Pier -

Figure 4.18: Creating Piers

Wariahle Reddinn

+ Start the line element command to create the remaining members. + Line
+ Pylons: In the Beam/Cable tab, select Element type: “Centric Column”. Select the Cross

Sections at Start and End as “26: Pylon 1” . Use the option “Pick lines or curves” from the
CAD command line.

General Beam/Cable Beam Hinges Support Conditions E
Element Type Cross Sections Figure 4.19: Creating Upper Pylons
= Start | 26: PYLON -
End |26 PYLON =

.w.-.....‘.. s o m s Variable Bedding

"—1¥ SOF_SE_LINE Pick first point or [SELect objects SEGment on axisl PIck lines or cur\.rei SIngle

+ Now click directly once on pink and blue lines as shown in the
fig. 4.20.

+ Change the cross section at start to “26: Pylon 1” and
cross section at the End to “27: Pylon 2”. Click on the
light pink and light blue verticals as shown in the fig. 4.20.

General Beamn/Cable Beam Hinges Support Condi

Element Type Cross Sections

- Start | 26: Pylon 1

End | 27: Pylon 2

Variable Daddin -

Figure 4.20: Creating Upper Pylons
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+ The above step creates tapering irrespective of the number of
divisions for desired length of element.

+ Change the cross section at start to “24: Twin Pylon 1” and end to
“25: Twin Pylon 2”. Click on brown and green line as shown in
the fig. 4.20 o~

]
General Bearn/Cable Beam Hinges Support Conditior

Element Type Cross Sections

v Start | 24: Twin Pylon 1

End |25 Twin Pylon 2

Variable Bedding

Figure 4.21: Creating Upper Pylons

+ Change the cross section at the start “4: Wellcap”. Click the 15t line objects below the piers as
shown in the fig below.

General Beam/Cable Beam Hinges Support Cond

Element Type Cross Sections
End | 4 Wellcap

Variable Beddina

Figure 4.22: Creating Well cap

+ Change the cross section to “5: Well above MSL”. Click the next line below

wellcap as shown inthe §
f|g below_ General Beam/Cable Beam Hinges | Support Conditions

Element Type Cross Sections

+ Change the cross section

at end tO “6: We” be|OW - Sta 5 Well above MSL ™
MSL”. Click on the third End |3 Well above MSL 7
line of the foundations. Variable Bedding

Figure 4.23: Creating Well above MSL

General Beam/Cable Beam Hinges Support Conditions

+ Change the cross sections at start and
Element Type Cross Sections end to “6:Well below MSL". Click the

. =1 | siard [5: Well above MSL last, bottom most line of the foundations.

End| | 6: Well below MSL

General | Beam/Cable | Beam Hinges | Support Conditions
Variahle Reddinn .
Elernent Type Cross Sections
. . . Centric Col - Start | & Well below MSL
Figure 4.24: Creating Tapering e L wetl betow s,
n 4 €l Elow
between well below and above MSL

Variahle Reddinn
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+ Next, we shall create the cable elements. The Element type changes to “Cable Element”.

+ Under the FE Mesh Method, select the option to “Generate one element”.

FE Mesh Method

Automatic meshing

Structural area independent meshing

| ® Generate one element

Generate one element with output sections

General Bearn/Cable Beam Hinges | Support Conditions Bedding
Element Type Cross Sections a
= IStart 801: D 100.6 mm |v O | star
End | 601: D 100.6 mm O || gng
Variable Bedding
Bore Profile Mone D

Intersection Properties

Intersection with Structural Point:
Intersection with Structural Lines

Intersection with Structural Areas|

we T Under the Intersection Properties

uncheck all the options.

+ The cross section at Start will be “601: D
100.6 mm”.

+ Click one by one on the blue line objects
as shown in the fig 4.25 meant for
cables in the bridge.

Figure 4.25: Creating Cable members with 53 strands (sect. 601)
+ Change the cross section at start and end to “602 : D 75.7 mm.

+ Click one by one on the blue line objects as shown in the fig 4.26 meant for cables in the
bridge.

Figure 4.26: Creating Cable members with 10 strands (sect. 602)

+ Change the cross section at start and end to “603 : D 43.7 mm.

+ Click one by one on the blue line objects as shown in the fig 4.27 meant for cables in the
bridge.

Figure 4.27: Creating Cable members with 30 strands (sect. 603)
+ Press Esc Twice.

+ Now, let us assign groups and Construction stages to all the elements. This step will not only
assign different groups to the members, but also create construction stages automatically.

+ Starting with the foundations. These activate in the stage no. 10 in formwork, their dead load
acts in the next stage, i.e. 11.
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+ From the Structural Elements tab, Manage Groups and Numbers > click “Assign Group and
Construction Stages”.

|!hﬁge&mpsildlhnhﬂs
[i[[] Assign Group and Construction Stagesl

Figure 4.28: Assign groups and
stages command

== Manane Secondars Grouns

+ Give Offset of 10 and click “+” to make group no. 11. Input First Activation “10”. Now select
the first well foundation members. Press Enter.

|+ | Group base value 10 +O‘ffset:|‘||

Group w  Designation First Activation
1 10

Figure 4.29: Group & Stage for Fdn left

+ Give Offset of 1 to base value 11 and click “+”
to make group no. 12. Input First Activation
“10”. Now select the second well foundation
members. Press Enter. Figure 4.30: Group numbers for fdns

+ Input Base value 50 and Offset of 1, to make group

| * | Group base value: |11 + Offset|1 N P .
Group Designation | First Activation | no. 51. Click "+” to add a group. Input First
1 10 Activation : 20. Select the first Pier and Pylon
12 10 members. Press Enter.
Figure 4.31: Group & Stage for Fdn right Y[+ [cropbasevaiue [0 |- ofetl
Groupw  Designation First Activation
1 10
? =+ | Group basevalue: 51 + Offset: 1 12 10
Groupw  Designation First Activation 51 20
];_ ]ﬁ Figure 4.32: Group & Stage for Pier &
51 20 Pylon members left
& % + With base value of 51 and offset of 1, click “+”

Figure 4.33: Group & Stage for Pier &  t0 add the next group 52. Input the first
Pylon members right activation : 20. Select the second Pier and

Pylon Members. Press Enter.

+ Input base value as 100 and offset of 2. Click “+”. Input first activation as 30. Select the first
three girder members on both side of the first and second piers. Press Enter. Refer to
fig. 4.34.

| * | Group base value: 101 + Offset|1
Groupw Designation  First Activation

1 instant

1 10

12 10

51 20

52 20

101 20

Figure 4.34: Assigning group 101 for stage 30

@ Note

When a group is assigned to members, they are distinguished with a unique colour.
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+ In the dialogue box, click “+” to create the next group, 102, to be activated first in the stage
30. Select the fourth line members on both sides of both the piers. Press Enter. Refer Fig.
4.35.

V| + | Group base value: 102 + Offset: 1
Groupw Designation _First Activation

1 instant

1 10

12 10
51 20
52 20
10 30
102 30

Figure 4.35: Assigning group 102 for stage 30

+ Similarly, as shown in the fig. 4.36 below, assign the groups and stages to the girder
members symmetrically about each pier.

| * | Group base value: 125 + Offset: 0

Groupw  Designation First Activation
1 10

12 10

51 20

52 20

101 30

102 30

103 60

104 60

105 70

106 80

107 90

108 100

109 110

110 120

111 130

112 150

113 150

114 160

115 180

116 190

17 210

18 220

119 240

120 250

121 230

122 230

123 290

124 300

Figure 4.36: Assigning group & stages for girder 125 340

B

+ We shall continue the group and stage assignment to 901 620
the cable elements. With base value of 900 and offset 902 610
1, click “+” to add group no. 901. Input First Activation %03 600
“620”. As shown in the fig. 4.30 below, select the 21 590

outermost cables and press Enter.
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+ Here the element modelling, grouping, and stages are defined. Now, we shall add the
variables for tapering of the sections along the axes created in earlier steps.

et A&-‘ o e Hﬂwhq R

Figure 4.37: Assigning group 901 to 908 and stages for cable elements

+ From the Project pane, Axes > Axis > Double-Click on Variables as shown in fig. 4.31 for

tapering the box section along the axis.
In the variables dialogue box, click ok ‘+’
to add 4 variables and rename them as

shown in the fig. 4.38.

"L;\Axes

* AXIS

B Placements
Variables
El Secondary Axes

+ Click on #H to add the info in the table on
the right. Go to the placements.xIsx >

variables sheet. Copy the cells K3:N119.

In the Variables dialogue box, for variable,
#H, click on 0.000 m of Station column and
press Ctrl+V once, wait for the rows to get
added. Then repeat ctrl+v again to get the
values copied. Click OK twice as the dialogue box appears twice (to avoid time consumption
for all variables applied at once).

[

@ SOFISTIK: Variables

Lt [Ex
On Unit
#H m
#DsH m
#D50 m
#WEB m

Figure 4.38: Variables for sections along Axis

[ & SOFISTIK: Variables

Y+

On

=

Name

#H

#D5SH
#D50
#WEB

Unit

aalual

mm

mm

mm

0.000 m

—— 4000 mm

— E000-mm

=BT

MERE
Station

0.000
0.600m
1100 m
1.350m
3150m
6150m
9.130m
9400 m

Station Offset Automatic )

Placement

Value

A730.000 Polygonal
4730.000 Polygonal
A730.000 Peolygonal
A730.000 Pelygonal
4730,000 Polygonal
A730,000 Pelygonal
A730.000 Polygonal
A730.000 | Polygonal

Transition

3

-

4

General
Station | 0.000m
Placem...
Value 4750.000
Transiti... | Polygenal
Slope

Cancel Help

Figure 4.39: Copying station and Values for each Variable in Axis
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+ Repeat the command. Click on #DSH on left table. Copy the cells Y3:AB119 and paste twice
in #DSH right table. Click OK twice.

+ Similarly, Copy the cells AM3:AP119 and paste twice for the variable #DSO. Copy the cells
AR3:AU119 and paste twice for the variable, #/WEB, click OK.

+ From the Project pane, Axes > LP1 > Double-Click on Variables as shown in fig. 4.33 for
tapering the Pier section along the axis. In the variables dialogue box, click ok ‘+’ to add a
variable and rename it to #W.

+ Click on #W to add the info in the table on the right.
+ Go to the placements.xlsx > variables sheet. Copy the cells AW3:AZ52.

+ In the Variables dialogue box, for variable, #W, click on 0.000 m of Station column and press
Ctrl+V once, wait for the rows to get added. Then repeat ctrl+v again to get the values copied.
Click OK.

I 4 SOFi5TiK: Variables X

= 1 | = g e I 1 1 1 | 1 1 1 1 1 1 1 r I | 1 1 1
= =
|z|i|_'_| |_| Wim 0000 m 10.000 m 20,000 m
On Name Unit ~
W mm
: Pi P2
— E000-mm b
—HiBOEmm
- H1 P2
——+5E0Emm

|i| Ep |g| =x Station Offset: |Automatic IE' |E|

Station Placement Value Transition *
0.000 m 12500.000 Polygonal
0,198 m 12499.000 Pelygonal
0487 m 12488.000 Pelygonal
0.733m 12466.000 Pelygonal
1.004 rn 12431.000 Pelygonal
1.272 m 12383.000 Polygenal
1541 m 12322000 Polygenal
1.809 m 12243000 Polygenal |

i » 4 b
| oK | | Cancel | | Help

Figure 4.40: Copying station and Values for each Variable in Axis
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Modelling using SOFIPLUS-X

Step 5 : Add Supports and Links

+ Go to Structural Elements command. Click on Create and Modify > Point. |[ESsEiEpiHs

. , i lalE
+ Go to “Support condition” tab of the Points command. Check on “PZ” to Create and Mot
constrain the local vertical direction of the well foundation bottom. [ pomt ]

General Support Conditions | Springs | Lower/Upper Column {

Support Conditions

Global: PHX PYY pZz

Local: PX PY

Group 0

Figure 5.1: Vertical well-foundation support

+ Go to front view. Zoom at the first cable-girder connection from left. The cable is longer and is
modelled likewise. We will connect the cable to the deck.

Create and Modify
+ Go to Point constraints command. Check on All Local constraints Types. | = Point
Change the group no. to 901. Click once on the exterior cable end. Then - PD'"Bt_L:kB _
using the intersection snap, click on the intersection of the cable and - :n . : :i:”
girder element.

Group of constraint

| Group|901| |

Constraint Types

Global: PXX PYY PZZ MK MYY MZZ All
Local: v PX v PY v PZ VMK VMY v MZ
Figure 5.2: Point constraint to connect cable and girder.

+ Change the group no. to 902 and connect the next cable to girder. Continue to connect the
cables with respective group numbers as shown in the figures 5.3 below.

Figure 5.3: Point constraint to connect cable and girder.
+ Repeat the constraints with same group numbers for exterior and interior cables.

__ ) D B
s 2 o S ™

e T ) el

ok
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+ Let us connect the cable ends with the pylons horizontally. The first pylon connection will be in
group 51 and the second pylon cable constraint will be in group 52 as shown in the fig. 5.4 .

Group of constraint

Group|51

Constraint Types

Global: PiX PYY PZIZ MK MYY MZZ All

VMY W MZ

Local: v PX v PY v PZ v MK

Group of constraint

X
(11
3
Group|32
=
Constraint Types _f_:
E
Global: PXX PYY PZZ MIKX MYY MZZ All o
Local: VI PX VI Py V| PZ VIME WIMY WV MZ VI All E
m
=

Figure 5.4: Point constraint to connect Cables and Pylons

+ Connect Pier to Girder to Pylon using point constraints as above. Each set of pylon constraint
will be in respective groups 51 & 52.

Figure 5.5: Point constraint to connect Piers to girders to Pylons
in group 51 and 52 respectively

+ Connect Well foundation to Piers as shown in the Figure 5.6.
Each well foundation constraint will be in group 51 and 52
respectively.

Figure 5.6: Point constraint to connect Well foundation to Piers in
group 51 and 52 respectively

+ Press Esc twice.
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+ We shall create constraints and support springs using Placements. Use the Isometric view,
zoom to the start of the bridge on the left. Hover the mouse over purple square (placement)
and as you see it’s info as placement “S1”, double-click it. This will open ‘Cross Members

editor’, a 2D workplace for substructure definition, perpendicular, or at given placement skew
angle to the bridge alignment. ™~

Figure 5.7: Opening Placement S1

Placement

Mame 51

+ Draw a CAD line for reference of length 5 m on each side of the section bottom center. Note

that the cross members editor is still part of geometry and not cross section, therefore, the
length value is consistent to the unit (m).

+ Start the point constraint command. Use group no. 1 and connect the center top of the girder
to the bearing positions at the bottom of the girder as shown in the fig. 5.8 below.

+ Press Esc twice.

Figure 5.8: Point constraint to connect Girders to Bearings

+ From the Structural Elements tab, click on “Point” command. Go to the “Springs” tab. Click on
“+” twice to add two springs. Both will be in group no. 1 and their directions shall be Local Y

and Local Z. Their Axial stiffness shall be 1000 kN/m3 and 1e8 kN/m3 as shown in the fig.
below.

+ Place the springs by clicking at the bearing positions as shown in the figure 5.9 below.

General | Support Conditions | Springs | Lower/Upper Column | ColumnHead | Halfspace Pile | Loads

N E =
o Number | Group Direction Reference Area Jodal Stiffness Transverse Stiffness

Axial /.. 0 1 Local ¥ 1.000 m* 1000.00 kN/m* 0.00k

Axial /... 0 1 Local Z 1.000 m* 100000000.00 kMN/m* 0.00k

Figure 5.9: Point springs at the bearing position start of bridge
+ Right-click > Clipboard > Copy with Base point. Enter 0,0,0. Press Enter. Select the point
constraints and the springs defined above and Press Enter.

+ From the cross members editor jump to Placement ‘S2’ at S=247.9 m.

Cross Members Editor Mdis: AXIS Jumnp to: IPIacement'SZ'atS:Zd?‘QOOm -|

Figure 5.10: Jump to placement S2

+ Right-click > clipboard > Paste. Type 0,0,0. Press Enter. We have copied here the point
constraints, and the spring supports from the first

General Support Conditions Springs Lower

support. Now we shall edit them to change their Group of constraint Y=

group numbers. Double click on one of them, Group|9 Type Number | Group |
change the group number, click ok. Repeat for Audal /. 0 9] Local ¥
the all the copied elements. Close the cross members editor. Aol ‘ Alocel2
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+ Although the springs can be assigned at different heights along the well foundation just as we
did for the bearings, it will be quicker to apply them using a text editor task. To set their
positions we will use SOFiIPLUS-X, graphical approach.

+ We shall copy the existing support point. Type “CO” in the CAD command line and press
Enter. Select the point supports at both the well foundations. Press Enter.

+ Click on one of the points just selected. Hover the mouse cursor to the nearest snap on the
well foundation to give direction. Type “0.194” directly without moving the cursor. Press Enter.

+ Press Esc twice.

+ Now double-click copied point on the left side well foundation to edit it. Go to the Support
Conditions tab and uncheck the PZ constraint. Go to the General tab and input point Number
as 1200. Click ok.

+ Similarly, double click the copied point on the right side well foundation to edit. Go
to the Support conditions tab and uncheck the PZ constraint. Go to the General tab
and input point Number as 1300. Click OK.

+ Type “CO” in the CAD command line to copy these points 94 times in the vertical
direction, 0.25 m apart. Press Enter. Select the two copied points from both the
well foundations. Press Enter. Click on one of the points as base. Type “A” and
press Enter. Type “94” and press Enter. Hover mouse cursor in the vertical upward
direction or nearest snap on the well foundation. Type “0.25” and press Enter.
Press Esc.

+ In this way we get points 1200 to 1293 on the left well foundation and 1300 to 1393 on the
right well foundation.

+ Finally, we shall create points to number the nodes that help in cable optimization.

+ Go to Points command. In the General tab input number 2141. Click on the cable deck
connection of the inner right cable as shown in the fig. below.

General Support Conditig

Mumbeq 2141

Mame Point

Figure 5.11: Create points

+ Change the number to 2143 and click on the next cable-deck connection. And do the same as
shown in the fig. below for corresponding locations.

Figure 5.12: All the points to be created for cable pretension
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Loads using SSD & SOFIPLUS-X

Step 6 : Define Actions & Load Cases

+ Let us go to SSD and add actions. Under the actions we shall Project Navigation

define the load cases. And under the load cases we shall define T System )
58 System Information

the |OadS ~ %% Materials

1M 60 (IRC 112} - Box

2 Fe 500 (IRC 112)

3 Fy 1600 (IRC 112)

4 M 70 (IRC 112) - Pylot
5 M 45 (IRC 112) - Well

+ From the Project Navigation pane, go to System > Action Manager.
Right-click it and open Text editor. 2 it

Rename

+ Click here to download the “Action.dat” file. Open it » T Cross Sections

=" Prestressing Systems

and copy all its contents and paste in the text editor of 7 = tre—r—
ACtionS taSk. k4 Ql"\l:.'DIIIQr_Y\Mm-lalim-.

pj‘”;;;z:‘iga“"” Figure 6.1: Action Manager
58 System Information

~ %% Material . . . . . “ .
ﬁ% iMoo gre 112-80c + Right-click on Action Manager task and click ‘Calculate: “Action

%  2Fes00(IRC112) Manager™.
% 3Fy 1600 (IRC112)
%, 4MT0(IRC112) - Pylor

% 5M45(IRC112) - 2 Edit
» 7 Cross Sections
? Prestressing Systemns

Rename

Action Manager BB Text Editor Figure 6.2: Calculate Action Manager

W COED IS Madalina

||;| Calculate: "Action Manager” |

f} Calculate up to: "Action Manac

+ To create the load cases and apply permanent Static loads and constant temperature load,
we can go back to SOFiPLUS-X.

+ In SOFIPLUS-X, go to Loads tab. Double-Click

on Loadcase Manager as shown in Fig. 6.3 below.
7 Loadcase Manager
Figure 6.3: Loadcase Manager | ? Loadcase Manag —

&P Delete Unused Loadcase Creat

+ Go to the “Loadcases” tab and click New to add six load cases as shown in the fig. 6.4 below.

+ Self—We|ght ACt|On _ None TO add - SOFISTiK: Action and Loadcase Manager m} x
self-weight of girder and struts Actions || Loadcases |
+ CB: Action — None :: To add crash barrier [ New |
| d . th I d Mr = Title Action Factor ofde_ad weight y-u
0ads In tnis load case. 1 Self-weight None 1.00] | Cewy |
+WC: Action — None :: To add wearing course 2| cB None 000 L peee |
loads in this load case. 3| We None 0.00
4 Struts Mone 0.00
+ Struts : Action — None :: To add self-weight 5 Water current  None 000w

of only struts. . .
Figure 6.4: Adding Load cases
+ Water Current: Action — None :: To apply water

current on piers.

+ For the cable and wind loads we shall uncheck the “Increment loadcases automatically from
selected on”.

+ Load case numbers 11 to 18 - Cable pre-load: Action — None :: To add initial cable pretension.
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+ Load case numbers 21- Wind w/o LL: Action - W :: To add vertical and transverse wind loads on the
superstructure without LL.

+ For wind load the following two load cases shall be added.

+ Load case numbers 22 — Wind w LL: Action - WLL :: To add vertical and transverse wind loads on
the superstructure with LL.

+ For settlement load, the following two load cases shall be added.
+ Load case numbers 701 — Settlement 1: Action - F :: To add settlement for first pylon

+ Load case numbers 702 — Settlement 2: Action - F :: To add settlement for second pylon

+ Click ‘OK’ to save the input and close the dialog box.

' < SOFISTiK: Action and Loadcase Manager O *
Actions Loadcases |
Nr = Title Action Factor of dead weight =~ | New |
1 Self-weight Mone 1.00 S
2 CB Mone 0.00 |%|
3 WC None ooo || Delete |
4 Struts Mone 0.00
5 Water current  Mone 0.00
11 Cable pre load Mone 0.00
12 Cable preload  MNone 0.00
13 Cable preload  Mone 0.00
14 Cable preload  MNone 0.00
15 Cable preload  MNone 0.00
16 Cable pre load Mone 0.00
17 Cable preload  MNone 0.00
18 Cable pre load Mone 0.00
21 Windw/oLL W Wind Lo... 0.00
22 Wind wLL WLL Wind L., 0.00
701 Settlemnent 1 F  Settlement 0.00
T02 Settlernent2  F  Settlement 0.00
4 ' »
Use global deadload directions Increment loadcases automatically from selected on

@ Indian Standard [RC 112 (2011) Concrete Road Bridges

| oK | | Cancel | | Help

Figure 6.5: SOFiPLUS-X Load cases

+ The rest of the transient loads and load cases shall be applied through text editor feature for
convenience.
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Loads using SOFIPLUS-X

Step 7 : Assign Self-weight of Struts

+ Go to the Loads tab > Free Loads > Line Load.

+ Poin ogd
o™ Line Load T
' Area Load Ry

Figure 7.1: Free Point Load command

(Lo

+ From the front view, select the girder line elements as shown in the fig. 7.3 below and press
Enter.

Figure 7.2: Selection of Lines

+ Input the Name : Sw of Struts and P = 24.5 kN/m. Click OK. This will take a while since there
are multiple girders.

atoetET
MName SW of Struts
P= 24,50 kN/m
Load Case 1 - Self-weight =
P2=__[10.00 kMN,/m
Class Load =
Distribution
Type PG - load in gravity direc *

Figure 7.3: Free Line Load application

+ Repeat the command and selection. Change the Load case to “ 4 — Struts”, keep the value of
load 24.5 kN/m. Click OK.

+ Press Esc twice.

Value(s)

Mame Self-weight of Struts
= P= 24,50 kN/m
Lead Case 4 - Struts =
P2=  |24.50 kN/m
Class Load =
Distribution
Type PG - load in gravity direction ¥

@ Uniform

Reference Autamatic -

Figure 7.4: Free Line Load application
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Loads using SOFiPLUS-X

Step 8 : Assign Crash Barrier Load Q = J

+ We shall use the Structural Elements tab > line elements >
Clickon .~ |beside Line command. Select all the girder lines

£ | # (make a selection box with two clicks around the girder lines from left

Create and Modify and right ). Press Enter.

Figure 8.1: Edit Elements selection

©
+ Go to Loads tab and add seven times. Select load case 2 — CB for all. Input load value in
Value 1 column as 10.00 kN/m for first four rows, 7.00 kN/m for next two rows and 26.25
kN/m in the last row (footpath dead load 0.35*1.5*25*2) as shown in the fig. 8.2 below.

General Beam/Cable Beam Hinges Support Conditions Bedding Lower/Upper Wall Interface Elements

Mame Load Casze Class Type Distribution  istribution Cun Value 1 Value 2 @
] 2-¢B Load PG - load in gravity direction | Uniform &”:5‘1':?“ A 140,00 kN7 10.00 kh/m -
3 2-CB Load PG - load in gravity direction | Uniform f;]”:;l':lf(i" A 110,00 kM 10.00 kN/m ;
3 2-CB Load PG - load in gravity direction | Uniform ti;]u:;:iic; At 7.00 kMN/m 10,00 kMN/m
4 2-CB Load PG - load in gravity direction | Uniform ;C;]u:scll:liic: At 7.00 kN/m 10.00 kMN/m
5 2-ce Load PG - load in gravity direction  Uniform e A 0,00 kNm 10.00 kN/m
& 2-CB Load PG - load in gravity direction | Uniform ;C;]u:scll:liic: At 10.00 kM/m 10.00 kN/m
7 2-cB Load PG - load in gravity direction | Uniform &”:5‘1':?" * 2650 kv/m 10.00 kKN/m

Figure 8.2: Line Loads

+ Double click on eccentricity cell for first row. Check on “Eccentricity relative to a point within
the section”. For Name/Number of Point, select “TOPC”
(this is a stress point at top-center of the girder) and give interfaceeiements | Losds
an Offset of “15.475” m as shown in the Fig. 8.3 below.

. ometry Eccentricity [+]
Click OK. o T
&
) ->1.000 None
=
® SOFiSTIK: Load Eccentricity *

v | Eccentricity relative to a point within the section

Type of Point: | Geometry and Stress Points = | Mame / Mumber of Point: |TOPC = | Offset Direction: I + I - IOFfset'IS.d?S m I

Figure 8.3: Eccentricity for CBR
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+ Double click on Eccentricity none of second row. Select TOPC Name of point, change the
Offset Direction to —Y and input Offset value of “15.475” m. Click OK.

F
% SOFiSTiK: Load Eccentricity x

v | Eccentricity relative to a peint within the section

Type of Point: | Geometry and Stress Points = | Name/ Number of Point: | TOPC ~ OffsetDirection:I -¥ I = IOﬁseti'IS.-#?S ||

Figure 8.4: Eccentricity for crash barrier 1 - left

+ For the third and fourth row, the eccentricity configuration will be same as the above two
except the value of offset is “1” m.

+ For the fifth and sixth row the offset eccentricity value is “17.315” m.

+ For the seventh row, there is no offset value.

& SOFiSTiK: Load Eccentricity X

V| Eccentricity relative te a point within the section

Type of Point: | Geometry and Stress Peints = | Mame / Mumber of Point: | TOPC OffsetDirection:I +YI = IO‘I"Fset'I.ODDm I

| OK | Cancel

Figure 8.5: Eccentricity for crash barrier 3 & 4
. % SOFISTiK: Load Eccentricity *

¥ | Eccentricity relative to a point within the section

Type of Point: | Geometry and Stress Points = | Name / Mumber of Point: | TOPC =] O‘FfsetDirection:I +YI b IOffse1:|‘IT.315 I

Cancel

Figure 8.6: Eccentricity for crash barrier 5 & 6

+ Click OK to complete the application of crash barrier load. This will take a while, but the load
gets applied at center, and eccentricities can be seen in the ‘used load’ of graphics tool.

X
3edding Lower/Upper Wall Interface Elements | Loads 1]
#
Value 2 Geometry Eccentricity [+]
10.00 kM/m 0.000 -> 1.000 at TOPCto +¥ 15.475 || @
<
0.000 -> 1.000 at TOPC to -¥ 15.475 =
0.000 -> 1.000 at TOPCto+Y 1
0.000 -> 1.000 at TOPCto-¥ 1

0.000 -> 1.000 at TOPC to +Y 17.315

0.000 -> 1.000 at TOPCto -¥ 17.315

10.00 kN/m 0.000 -> 1.000 None

1es will be shown.

112 selected Add Elements; Apply Cancel

Figure 8.7: Eccentricities for crash barrier

STRUCTURAL LINE

=
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Loads using SOFiPLUS-X

Step 9 : Assign Wearing Coarse Load

i SOFIPLUS 2023

+ Go to Loads tab in task tree. AP ES SRS )
+ Click on Element load > ‘Line Load’ as shown in the 7 Loadcase Manager
Flg 9 1 & Delete Unused Loadcases
. 9.1. | e R
H i oint Loal ‘¥ T
+ Select all the girder elements. Press Enter. (;P_ e - B
. . > Area Load > g
+ Input the following data as shown in the Free Loads
. . ¢ ’ PoiﬂtLoad o
Fig. 9.2 below and click ‘OK’. B3 Lo Loud 8
+ Name: WC Area Load @
+ Load Case: 3-WC Figure 9.1: Free Line load

+ P =32.648 kKN/m

Value(s)
MName Wearing course
P= 32,65 kN/m
Load Case 3-WC -
P2= |10.00 kN/m
Class Load =
Distribution
Type PG - load in gravity direc =
® Uniform

Load Geometry Men-Uniform

Curve Linear: At the Start
......_._........... p
A (offset) B (= Length) C (offset) - R
3 0000 5T [1.000 ' |0.000 l i i i
r Yy ¥ ¥
¥ as ratio of element length
Eccentricity relative to a point within the section %
Type of Point: | Geometry a MNarme / Mumber o Offset Direction: | +Y Offset é

ﬁ ﬁ ﬁ EQ I oK I Cancel

Figure 9.2: Applying Free Line Load on axis

+ Here, the density of wearing coarse is considered as 22 kN/m?3 and thickness is given as 53
mm spread across 28 m, which makes the uniform load value of 22*0.053*28=32.648 kN/m.

i =
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Loads using SOFiPLUS-X

Step 10 : Assign Water Current Load
+ Go to Loads tab and start Free Loads> Line Loads. _

Point L oad
+ Input the following data as shown in the

Fig. 10.2 below and click ‘OK'. Figure 10.1: Free Line load

+ Name: Transverse current

+ Load Case: 5 — Water current
+ Distribution: Non-uniform

+P =0 kN/m, P2 =4.22 kN/m

+ Type: PYY
Value(s)
Mame |trans'.rerse current |
— | P= 0.00KkN/m |
Load Case |5— Water current |~ | |
| 2= |a22 kN |
Class | Load - |
Distribution
Type |PYY - load global ¥ -
) Uniform
Reference |Autc—matic - |
® MNon-Uniform

Mumbers/Groups | = | P2

Direction of Projection | Projected in Element (M) - | p
Range of Application |0.0DI] m |

Figure 10.2: Applying Free Line Load on Well-foundation

+ Click on the bottom-most point of the well-foundation and then click on the topmost point of
well-foundation cap. Do this for second well-foundation too.

WValue(s)
+ Change to following inputs: Name longitudinal curent _| P-  [0.00kN/m
+Name : Longitudinal current Load Case [3- Water current [+ || .| p- |osak/m|
+ Type: PXX — load global X Class |Load l N
T PXX - load global X -
+ P2 =0.844 kKN/m ype | = | 1 Uniferm
Reference |Automatic hd |

(® Non-Uniferm

Figure 10.3: Applying Free Line Load on well-foundation

+ Click on the bottom-most point of the well-foundation and then click on the topmost point of
well-foundation cap. Do this for second well-foundation too.

+ We shall do the same for the piers.
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+ Change the input for the Piers.
+ Name: Transverse current
+ Type: PYY — load global Y
+P =422 kN/m
+P2=5.10 kN/m

+ Click on the bottom-most point
of a Pier and then hover over

the same pier with a nearest
snap. Type with keyboard
10.276 and press Enter. Do this
for all the remaining three piers.

+ For the longitudinal current load on piers, change the input as follows:

+ Name: Longitudinal current
+ Type: PXX — load global X
+ P =0.84 KN/'m
+ P2 =2.6 kN/m

+ Click on the bottom-most point
of a Pier and then hover over
the same pier with a nearest
snap. Type with keyboard

10.276 and press Enter. Do this
for all the remaining three piers.

+ Press Esc twice.

Value(s)
Marne transient current e
—  P= 422 kN/m
Load Case 5 - Water current |~ | | | —
—— p2= 510 kN/m
Class Load - |
Distribution
Type PYY - load global ¥ |
—_— ) Uniform
Reference | Automatic -

(® Mon-Uniform

e | .

Figure 10.4: Applying Free Line Load on Pier trans.

Value(s)
Marme longitudinal current
— P= 0.84 kMN/m
Load Case 5 - Water current | ™ | | | ——————
—— p2= | 260 kN/m|
Class | Load - | —
Distribution
Type PXX - load global X ==
) Uniform
Reference | Automatic i
'® Non-Uniform
MNumbers/Groups | -

Figure 10.5: Applying Free Line Load on Piers long.

g
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Loads using SOFiPLUS-X

Step 11 : Assign Wind Loads (Part 1)

+ Click on ‘Line Load’ as shown in the Fig. 11.1. %
+ Select all the girder elements. Press Enter.

7 Area Load

<7

+ Input the following data as shown in the
Fig. 11.2 below and click ‘OK’.

+ Name: Vertical wind

Figure 11.1: Element Line load

+ Load Case: 21 — Wind w/o LL
+ P =69.46 kN/m

Valuel(s)
Mame ||Wind Load wihtout Live Loac‘
[ P=  60.46 kn/m
Load Case 21 -Windw/olLL | ¥ || ..
P2= [10.00 kM/m
Class Load -
Distribution
Type PG - load in gravity direc =
@ |Inifarm

Figure 11.2: Wearing Course Free Line Load

+ Go to filter tab and Check on “Filter Structure by Type and Group” and Under “Show elements
by group”, click on || and select group number 101 to 103. Also check on “Filter loads by

Type and Load case. Under “Show loads in Loadcase” click on [-| and select load case
number 21.

~ |V Filter Loads by Type and Loadcase

= V| Filter Structure by Type and Group v Ehoulioabiolives
V| Show elements of type |"ALL" j
|--ALL-- j V| Show loads in loadcase
| 2 j  SOFiSTIK: List Selection
¥| Show elements in group
| 101102103 j # SOFiSTiK: List Se - Filter by Construction Stage 4 - Struts

10 5- Wat t
~ ¥/ Filter Loads by Type and Loadcase | o e

0 11 - Cable pre load
Y] Showloads of type 1 |ser Defined Fitees ] 12+ Cable pre foad
|--ALL-- 9 13 - Cable pre load
1 © Add new filter 14 - Cable pre load
V| Show loads in loadcase 12 15 - Cable pre load
|21 j 51 16 - Cable pre load
52 17 - Cable pre load
= Filter by Construction Stage 101 18 - Cable pre load
[10 0z
103 22 - Wind wLL

Figure 11.3: Filtering Structure by group and load case

+ Start the element line load command and select all the elements in group 101 and press
Enter.

Figure 11.4: Selection of 101-103 group elements
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+ Input the following data
Walue(s)
+ Name: Transverse wind Name Transverse wind ——
—  P= 29.24KkN/m
+ Load Case: 21 — Wind w/o LL Load Case 21-Windwioll | ¥ || .| —
——  P2= [10.00 kN/m
+ Type: PYY — load global Y Class | Load = |
Distribution
+P:29.24 kN/m Type | PYY - load global ¥ - |
(@ Uniform
I mad Ranratne

Figure 11.5: Applying PYY wind load w/o LL

+ Click OK.

+ Repeat the command and select all the elements of group 101 to 103 and press enter. Input
the following data.

+ Name: Longitudinal wind Value(s)
. MName |Long wind | —
+Load Case: 21 — Wind w/o LL — p= [731k/m
Load Case [21-Windw/oll | ¥ | .| —
+ Type: PXX — load global X —  P2= |10.00 kN/m
) Class |Load = |
+P:7.31 kN/m Distribution
Type | PXX - load global X - |

:': Unifarm
Figure 11.6: Applying PXX wind load w/o LL
+ Click OK.

+ Go to filter tab and filter structure by group number 104. Apply the PYY element load of 27.72
kKN/m and PXX element load of 7.07 kN/m.

+ Repeat the filter and element line load commands to apply wind loads in X and Y directions as
per below given table 11.1.

112 to
Group 105 106 107 108 109 110 111 125
Value
PYY 27.72 26.29 25.33 24.37 23.41 22.45 21.3 20.14
Value
PXX 6.93 6.57 6.33 6.09 5.85 5.61 5.32 5.04

Table 11.1: Applying PYY & PXX wind load w/o LL

+ For Piers PYY = 1.45 kKN/m & PXX = 0.36 kN/m is applied upto 10 m height from the well-
foundation cap. From 10 m to 15 m the PYY = 1.6 kN/m and PXX = 0.4 kN/m. From 15 m to
18.182 m PYY = 1.71 kN/m and PXX = 0.43 kN. We can apply this using free line load as
partial line load can be easily applied without requirements of any division in pier line

lements Freeloads

HH Point Load
Line Load

Figure 11.7: Line load for wind on vertical members

+ We can similarly apply the wind loads on different parts of the structure, however, to reduce
time we can also apply this load using text editor task in SSD.
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Loads using SOFiPLUS-X

Step 12 : Assign Initial Cable Pretension Loads

+ Remove all the filters from Filter tab. Go to Loads tab . |/

t Point L +
Click on ‘Line Load’ as shown in the Fig. 12.1. o
7 Area L \‘7
+ Select cable elements from group no. 901 (as : = _ :
highlighted in fig. 12.2). Press Enter. Figure 12.1: Element Line load

Figure 12.2: Select line

+ Input the following data as shown in the Fig. 12.3 below and click ‘OK’.

+ Name: cable pretension 901

+ Load Case: 11 — Cable pre load Value(s)

Mame Cable pretension 301 p |_l 0 KN
+ Class: Ext. Prestress — - :
Load Case |11 - Cable preload | = | |

+ Type: P-Nxe — Prestress . E Prect P2= |10.0kN
ass . Prestress i
+P = Distribution
P=TkN Type P-Mxe - Prestress - )
(®) Uniform

Figure 12.3: Cable Line load

+ Click OK.

+ Start the command again with a space bar or click at the “Line load” command under Element
Loads. Select the 902 group of cable elements or as shown in the figure 12.4 below.

Figure 12.4: Element Line load
+ Input the following data as shown in the Fig. 12.5 below and click ‘OK’.

+ Name: cable pretension 902

+ Load Case: 12 — Cable pre load Value(s)

N ble pretension 902
+ Class: Ext. Prestress ome.[cable pretension | P=  |1.0KN |

Load Case|'|?_- Cable pre load | = | |:|

+ Type: P-Nxe — Prestress P2= [10.0kN
+P=1kN Class | Ext. Prestress =
Distribution
. Type | P-Mxe - Prestress = |
+ Click OK. (® Uniform

Figure 12.5: Input for cable pretension 902
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+ Repeat the same pretension value and respective load cases for the rest of cable groups as

shown in the figures below.

WValue(s)
Mame cable pretension 903 |
— |p= |10k
Load Case| 13 - Cable pre load| ~ | | | —
— e . p2= |1D.DkN
Class Ext. Prestress = |
Distribution
Type P-Mxe - Prestress - | i
(®) Uniform
Value(s)
MName cable pretension 904 |—
: = P= T.0kN A
% Load Casef 14 - Cable pre load ~ S
P2= [10.0kN
Class Ext. Prestress v
Distribution
Type P-Nxe - Prestress b
Value(s)
’ Name |cable pretension 803 |
\ "L |p= [10kN
\\\ Load Casg |'|5- Cable pre load | = | | . |
P2= |10.0kN
Class | Ext. Prestress hd |
Distribution
Type | P-Mxe - Prestress = |
Value(s)
: Mame |cable pretension 906 | —
:&\ L |p= [10kN
Load Casd |'|6- Cable pre load | = | | ) |
= - p2= [1D.0KN
Class | Ext. Prestress - |
Distribution
Type | P-Mxe - Prestress - | )
(®) Uniform
Value(s)
Mame |cable pretension 907 | —
’ — ' |p= [10kN
=X Load Casi |1'.-"- Cable pre load | = | | “ |
———————— P2= |1D.DkN
Class | Ext. Prestress - |
Distribution
Type | P-Mxe - Prestress = | )
(® Uniform
Value(s)
Name cable pretension 908 | —
' |p= [10kN
Load Case| 18 - Cable pre load | = | | | —
—— P2= |‘ICI.D kM
Class Ext. Prestress hd |
Distribution
Type P-Mxe - Prestress = | i

Figure 12.6: Selection and input for pretension loads
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Loads using SOFiPLUS-X

Step 13 : Settlement Loads

+ Go to Loads tab > Element Loads > click Point Load.

g

+ Select the support point located at the bottom of the well-foundation. Press Enter.

+ Click OK.

Mame
Load Case

Class

Type

@ ﬁ ﬁ - @ 1 selected

Settlerment Pylon 1
707 - Settlement 1| =
Displacement =

WZZ - displacement glot ~

Add Elements

Value

P=1-12.500 mm

Figure 13.1: Element Line load

+ Input the following parameters:

+ Name: Settlement Pylon 1
+ Load Case: 701 — Settlement 1
+ Class: Displacement

+ Type: WZZ — displacement global
Z

+ P =-125mm

Click OK.

Similarly, restart the command
with a space bar or click on Point
Load command under Element
Loads. Select the support point of
the second well-foundation. Press
Enter.

Input the following parameters:
+ Name: Settlement Pylon 2

+ Load Case: 702 — Settlement 2
+ Class: Displacement

+ Type: WZZ — displacement global
Z

+ P =-125mm
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Loads using SOFiPLUS-X

Step 14 : Define Prestressing System

+ Go to ‘System’ tab and double-click the ‘Prestressing System’ to define a prestressing
system.

v 7 Materials

¥ 1 Cross Sections
F Bore and Soil Profiles
Ima ‘Work Laws

b A Axes

+ Generate a new prestressing system, as shown in the Fig. 14.1 below
+ Number: 12
+ Name = 12T15.2 internal tendons
+ Number of strands = 12
+ Strand Area = 139 mm2
+K1=0.783-&K2=1.00 -
+ P,ref: 2428.61 kN

-

«® SOFISTiK: Prestressing Systems * -
Number: | | 1?_| Name:||‘|?_T15.2internaItendonsl |
Reference force | Immediate Losses Duct Geometry
Prestressing Steel: | 3 Fy 1600 (IRC 112) - B0
Mumber of strands: Strand Area: Area per tendon, Az

[2 |)i|13‘3mm2 - ||= 1668 mm? |

Calculation of the maximum jacking force, PO,max

ki =|0783- | x ft= [1860.00 MPa | = |1456.32 MPa |
k2 = 1.000- | x fy= [1600.00 MPa | = |1600.00 MPa |
min (k1 f, k2 * fy) x Az = 24202 kN |
@ Informative calculation

Reference force per Tendon, P ref: I |2428.61|kN I IE'

@ P ref is the reference force for the option "Prestressing limits with factors” and is used as reference in the output.

| QK | | Cancel | | Help |

Figure 14.1: Prestressing System

Tutorial on PSC Composite Bridge | 38



g

+ Go to Immediate Losses tab. Input the Slip, coefficient of friction and wobble friction factor as
shown in the Fig. 14.2 below.

+ Slip =6 mm
+ Friction coef. for stressing and releasing = 0.17

+ Wobble coeff =0.674°/m

Reference force | Immediate Losses | Duct Geometry

General
Slip at jacking anchor: 6.0 mm
Friction coefficient for stressing: 0,170 -
Friction coefficient for releasing: 0.170 -
Wobble coefficient: 0.674%'m
Wobble coefficient for straight parts of polygonal geom... | 0.674 */m

Figure 14.2: Immediate loss

© Note

The Wobble friction factor in SOFiSTiK is k’ = k/u °/m. To convert the wobble friction factor, k, given as per IRC Table 5,
into k', we divide the k value by py and multiply by (180/1) to convert radians into degrees.

i.e. for galvanized wire cables,
Wobble Coefficient = (0.002/0.17) * (180/1r) = 0.674°/m

. Ref f | diate L Duct Geomet
+ Go to Duct Geometry tab and input Outer crenceTOree | mimerlaTe o i
diameter of duct = 100.00 mm, Minimum
- L General
eccentricity of the tendon inside the :
duct: 25 mm, Minimum permissible T Ll
curvature radius: 0 m as shown in the aximunm eccentricity of the tencon inside the duct: 1238 mm
Fia. 14.3 below. Click ‘OK’ Minimum permissible curvature radius: 0.000 m
g. : ’ ’ Straight part at the jacking ancher: 0.0 mm
Straight part at the dead anchor: 0.0 mm
Minimum distance between ducts: 0.0 mm

Figure 14.3: Duct Geometry
Cancel Help

¥ SOFISTIK: Prestressing Systems

e [__tofneme 9152 ] 4+ Generate new prestressing system,
Reference force Immediate Losses Duct Geometry as shown in the F|g 14.4 below
+ .
Prestressing Steel 3 Fy 1600 (IRC 112) Number: 19
Number of strands: Strand Area: Area per tendon, Az +Name =19T15.2

x = (2641 mm? + Number of strands = 19

+ Strand Area = 139 mm?2
+K1=0.783- & K2 =1.00 -

Calculation of the maximum jacking force, PO, max:

k1 =|0783 - x ft= |1860.00 MPa = |1456,
k2= | 1.000 - % fy = |1600.00 MPa _ |10, *Pref: 38453 kN
min (k1 * ft, k2 * fy) x Az = |3848,
@ Informative calculation Figure 14.4: Prestressing System
Reference force
Reference force per Tendon, P,ref: 3845.3 kN

@ P,ref is the reference force for the option "Prestressing limits with factors” and is u
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+ Go to Immediate Losses tab. Input the Slip, coefficient of friction and wobble friction factor as
shown in the Fig. 14.5 below.

+ Slip =6 mm
+ Friction coef. for stressing and releasing = 0.17

+ Wobble coeff =0.674°/m

Reference force | Immediate Losses | Duct Geometry

General

Friction coefficient for stressing:

Friction coefficient for releasing: 0170 -
Wobble coefficient: 0.674°/m

Figure 14.5: 19T15.2 Prestress System Reference force input

+ Go to Duct Geometry tab and input Outer diameter of duct = 125.00 mm, Maximum

eccentricity of the tendon inside duct: 25 mm, Minimum permissible curvature radius: 0 mm.
as shown in the Fig. 14.6 below. Click ‘OK'.

Reference force Immediate Losses | Duct Geometry |
General
Outer diameter of the duct: 125.0 mm

Maximum eccentricity of the tenden inside the duct: | 25.0 mm
Minimurm permissible curvature radius:

LUUE M
[ Straight part at the jacking anchor:
Straight part at the dead ancher: 0.0 mm

Minimum distance between ducts: 0.0 mm

[ OK ]| Cancel || Help |

Figure 14.6: 19T15.2 Prestress System Duct Geometry input

+ Generate new prestressing system, as shown in the Fig. 14.7 below
+ Number: 22 E

<» SOFiSTIK: Prestressing Systems

x
+ Name =22T15.2
Number: | I 22| l‘Jame:I|22T15.2 I |
+ Number of strands: 22
Reference force | Immediate Losses Duct Geometry
+ Strand Area: 139 mm2
Prestressing Steel: | 3 Fy 1600 (IRC 112) ~ B0
+K1=0.783-& Number of strands: Strand Area: Area per tendon, Az
K2 =1.00 -
[22 | | x| 139 mmz| +]| = (2058 mem? |
+ P,ref: 4452.45 kN
Calculation of the maximum jacking force, P0,max:
k1 =|0.783- | x ft= [1260.00 MPa | = |1456.38 MPa |
k2 | |1.000- | x fy= [1600.00 MPa | = |1600.00 MPa |
min (k1 ft, k2 * fy) x Az = [4453.6 kN |

@ Informative calculation

Reference force per Tendon, P,ref: |445?_.45 kN| |€|

@ P, ref is the reference force for the option "Prestressing limits with factors” and is used as reference in the output.

Figure 14.7: 22T15.2 Prestress System Reference force input
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+ Go to Immediate Losses tab. Input the Slip, coefficient of friction and wobble friction factor as
shown in the Fig. 14.8 below.

+ Slip =6 mm
+ Friction coef. for stressing and releasing = 0.17
+ Wobble coeff = 0.674°/m

Reference force I Immediate Losses || Duct Geometry

General
6.0 mm
Friction coefficient for stressing: 0170 -
Friction coefficient for releasing: 0170 -
Wobble coefficient: 0.674%/m

Figure 14.8: 22T15.2 Prestress System Reference force input

+ Go to Duct Geometry tab and input Outer diameter of duct = 130.00 mm, Maximum
eccentricity of the tendon inside duct: 25 mm, Minimum permissible curvature radius: 0 mm.
as shown in the Fig. 14.9 below. Click ‘OK’.

Reference force Immediate Losses | Duct Geometry ‘
General

Outer diameter of the duct: 130.0 mrm
Maximum eccentricity of the tendon inside the duct: | 10.0 mm
Minimum permissible curvature radius: 00 m
Straight part at the jacking anchor: 0.0 mm
Straight part at the dead anchor: 0.0 mrn
Minimurmn distance between ducts: 0.0 mrm

|| Minimum distance between duct and boundary:  00mm

[ 0K ]| Cancel || Help |

Figure 14.9: 22T15.2 Prestress System Duct Geometry input

+ Right-click on the Prestressing system 22 22T15.2 and click on “Clone as shown in the fig.
14.1.. Input Number 222 and click OK.

- %“-ﬁ;?:g‘% :3’;5""5 [ SOFisTiK: New X
%‘ Number
Properties 0K | | Cancel |

" .

Figure 14.1.: Clone 22T15.2 Prestress System

+ Double click the 222 22T15.2 prestressing System and change the Name: 222T15.2. Go to
the Immediate Losses tab and change wobble coefficient to 0.0009/m. Click OK.
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Loads using SOFiPLUS-X
Step 15 : Define Tendon Geometry (Part 1)

+ Go to ‘Prestressing’ tab and click on ‘Spline Geometry’ as shown in the Fig. 15.1 below.

Esmineceometw | Figure 15.1: Spline Geometry

E Polygonal Geometry

.2/ Reference to Axis

Prestressing

_/ Reference to Structural Line

Y
-

O

+ Click on Axis from the workspace to open the ‘SOFiSTiIK: Prestressing Editor’ dialogue box.

+ Select the three rows. From the right Properties panel, change “Use Parameter” as

“Station(S)”
Station (5) . Span Station (i) u Statien (5) . Span Station (Xi) U
[m] [ [m] 3 objects selected [m] [1 [m]
0.600 m 1.00 0.000 m I 0.600 m 1.00 0.000 m
99.820 m 140 0.000 m 99,220 m 1.40 0.000 m
248.650m 0.000 m Use Parameter Station (5) 248.650 m 2.00 0.000 m

Figure 15.2 : Selecting input for Station
+ First, copy-paste the column “S” from table 15.1. Then copy-paste the U, V Hor., Incl.(DUS),

and (DVS).
S Xi| U V_|DUS|[DVS # SOFESTIG SORPLUS: Prestressing Eftor x
5500 598 500 it e X Delete Selected ::i?:ji::so—':':‘ ﬁrsjel‘;‘es;;:\‘\i:ﬂlllwewmthetab\amse\actandmodlfynbjact
55.64 598 4.47 T M e
56.28 5.98 3.93 A
56.92 5.98| 3.40 [
5757 | 5.98 287 @ @ ??? @? @ B
58.21 5.98 2.34 = = = T
58.86 5.98] 1.82 = f T, s
59.58 5.98| 1.40 s " Saghng,
60.36 5.98| 1.09 o, R
61.17 5.98] 0.91 el -
62.00 5.98] 0.85 ssom n swn amn
6283 | 5.8 091 == e
63.64 5.98 1.09 arim 13 swom  [asan Figure 15.3 : Tendon
64.42 5.98| 1.40 w1 Som 10 profile input
65.14 5.98| 1.82 amn i o ostom
65.79 5.98| 2.34 aman 15 soom _osom
66.43 5.98| 2.87 soom 12 sea0m 1400
67.08 5.98| 3.40 © Note
67.72 5.98 393 - To add more station points, right-click to insert more rows.
68.36 5.98| 4.47 - U is transverse coordinate and V is vertical coordinate.
69.00 5.98[ 5.00 - One can copy-paste the coordinates from excel sheet.

L

Table 15.1 : Tendon profile input
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+ Click on ‘Edit Tendons’ as shown in Fig. 15.4 below. In the right, properties, pane change the

<® SOFiSTik: SOFPLUS: Prestressing

i i X Delete §
Geometry | Tendons Figure 15.4 : Edit tendons
Mode Geome
[ Blevation View ] / [ Plan View ]
+ Name: W1-6
+load case : 10032 (Add loadcase | 10032 Prestress ~ BEQ[] | using add prestress with none action)
+ stage no. 32 & Stage no. grouting : 33
+ Prestressing Limits: With Factors 1 object selected
+ Prestress Direction: From Left, then right
Mame W1-6
+ Under Prestressing With Factors- General force Tendon Number 1
factor after anchor set = 1, Maximum force factor Load Case 10032: Prestress /E N[
during tensioning = 1, Force factor at jacking e
anchor = 1, & force factor at dead anchor = 1. Use Parameter Span Station (Xi)
Start Station (5) 0.600 m
+ Click ‘OK’ to complete the profile and the gtadﬂsspénsgiﬂn (1) ;féﬂm
H nd Station ! m
prestressing load. S 500

+ If there is anything required to edit or copy for

multiple tendons at once, we can use the Stege flo. nata Bton =
ge No. Grouting 33
tendon manager. Stage Mo, Remowval 0
Prestressina
Prestressing Limits With Factors
Prestress Direction From left, then right
Prestressing Sequence Tensioning+slip
MNumber of Tendons 1
Prestressina: With Factors
General force factor after anchor set 1.00
Maxirmum force factor during tensioni... | 1.00
Force factor at jacking anchor 1.00

Figure 15.5 : Tendon profile input

+ The above procedure can be used to define the rest of the tendons. However, to know the
procedure of defining the tendons through text editor we shall now export our model to SSD.
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Automatic Meshing

Step 16 : Export Model to SSD

+ Click on the below highlighted icon to export
the model to SSD. Doing so, the data gets §
stored in the central database file, i.e., 2 [+ e | < =z
the *.cdb file. ] 4 S g Ll

= | e

=]

+ When asked to delete the Load Case & SOFiSTiK: Unused Load Cases X
number 22 as it has not been used, click on No.
We will use it to define the wind loads with LL in the o 1load casels) are ot used: 22
text editor format.

Do you want to delete them?

+ Click on ‘OK’ to continue. | Yes | No

Figure 16.1: Export Prompt

< SOFISTIK: Export X
Common Text Output
Export

@) Mesh Entire System

Mesh Partial System

M Select objects 0 objects selected
Export Meshing para meter
V| System Mesh density
V| Loads @) Determine automatically
/| Tendons Set manually: 1.000 m

@ Sets the maximum allowed length of a beam or an element edge (CTRL HMIN)

Refinement around short edges: ; 70

@ Reduces the element size in the vicinity of short lines (CTRL EFAC)
Element Type

® Quadrangle -
Refinement at structural points: 7515
Triangle E
Reduces the element size in the vicinity of the corners of
a structural area (CTRL FINE)

Progression-factor: 7s

@ Increases the zone of influence of a local refinement (CTRL PROG)

Additional Options

First element number: 0| | Calculate Centre of Rigidity and Centre of Mass
+| Ingore unused elements (CTRL DELN) Preserve rigid diaphragm stiffness
V| Process immediately Reset | oK ‘ Cancel Help

Figure 16.2: Export Model to SSD

© Note

In SOFIPLUS-X we are modeling the single elements and while exporting these elements get further divided. With the
help of SOFiSTiK: Export, we can also choose members (objects) of interest to process further. We may also set the
overall maximum division size using set manually option.
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Foundation Springs using SSD Text Editor task

Step 17: Assign Springs in Text editor task

+ Go to SSD. Right-click on SOFiPLUS(-X) Modeling and select ‘Insert Task’ as shown in the
Fig. 17.1. This will create the required task right below it.

Project Mavigation
= System
}8 System Information

v %% Materials

» T Cross Sections

» =" Prestressing Systems
1?7 Action Manager
SORPLUS(-X) Modeling

& Edit
Rename
|-—_._'~" Calculate up to: "SOFIPLUS(-X) Modeling”
¥ Calculate from: "SOFIPLUS(-¥) Modeling”
Reports
Insert Group
B Insert Task
a.i'l Duplicate Task

]m] Delete

Figure 17.1: Insert task

+ Right-click the Text editor task and click on Rename. Change the name of the task to
“Springs”. Double-click to open Teddy inside SSD.

Fan w1 T LAF 7O TV IH
£ Edit

Rename

Figure 17.2: Rename task

+ Click here to download the “Springs.dat” file. Open it in external teddy. Copy its contents and
paste in the SSD.

l+prog sofimsha urs:36.1

2 head

3

4SYST TYPE REST

5 Figure 17.3: Paste Springs data

6grp 30

71¥1 Pile 1

8SPRI NA 1293 DX 1 CP 6]

SSPRI NA 1292 DX 1 cP  1:
. 18SPRT NA 1291 nx 1 CP ‘I.:'

A S IE LA TA) TVl I‘H

+ Right-click the Springs task, click m & Edit

Calculate: “Springs”. Rename

+ This will apply the transverse and longitudinal springs on 52 Text Editor
the well foundation.

3 Calculate: "Springs"

I;'! Calculate up to: "Springs”
Q Calculate from: "Springs”

Tutorial on PSC Composite Bridge | 45


https://drive.google.com/file/d/1Gy1TkfuR_S4Q0a0R7U4b32NFPMrfo8A2/view?usp=sharing
https://drive.google.com/file/d/1Gy1TkfuR_S4Q0a0R7U4b32NFPMrfo8A2/view?usp=sharing

g

Prestress using SSD Text Editor task

Step 18: Define Tendon Geometry (Part 2)

+ Right-click on Springs task and
select ‘Insert Task’ as shown in the
Fig. 18.1. This will create the required
task right below.

AL S e Bl B
=
e 2PNNgs

Rename
+ Select Text Editor and click ‘OK’. B Text Edit
e or
< SOFISTIK: Insert New Task
(2] Calculate: "Wind Load"
— :
S h... -
| Q searc Gt Calculate up to: "Wind Load"
Tasks Description IE Calculate frerm: "Wind Load”
~ General
‘% Text Editor Blank text editor for Reports
'a User Text Additional text with ¢
~ System Insert Group
F Bore and Soil Profiles Bore profiles and'plls @ Insert Task |
idinm Aam mada filtarcimo and mmiccine maoaee caciAdo sl raodae
’ oK ] [ cancel | aa Duplicate Task

Figure 18.2: Insert Text Editor Task Figure 18.1: Insert New task

+ Right click on the Text Editor from the task tree and click ‘Rename’. Rename the task as
‘Remaining Tendons’. FA e Loy sy ey

ﬁ Springs

+ Double-click the remaining tendons task to open its teddy
in SSD.

+ Click to download “Tend;g_gs.dat” and “T Coordg)ates.dat”. Figure 18.3: Rename task

= .- -
= Remaining Tendons

+ Paste the “T Coordinates.dat” file in same folder as that of the project. The folder can be
quickly opened through SSD > Home ribbon menu > Tools > Click on Explorer. This
command takes you to the same folder where the model file is
saved. This teddy file will be called using #include in Tendons.dat. ® & B 2 o

. . . | Home | Text Ec

+ Open the “Tendons.dat” file in external teddy and copy all of its
contents. Paste it in the Remaining tendons text editor task in i ciean M
SSD. (5] Archive B command shel

& Texteditor ~ [F) Protocol

+ Right-click on Remaining Tendons task and click
Calculate : “Remaining Tendons”. Tools

P ey ey Figure 18.4: Explorer

% Springs

([~ S
- Remaining Tendgre

£ Edit
Rename
) 2 Text Editor
Figure 18.5: Calculate
Remaining Tendons task @ Calculate: "Remaining Tendons”
% raleidate vt "Bamainina Tandonc"
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+ After calculating the text editor for remaining tendons, we can see all the tendons in the
Viewer as shown in the Fig. 18.6 below. Note the settings for the FE model is modified to see
the inner profile of the tendons.

@ Centreline of beams/trusses/cables
Wolume of beams/trusses/cables/quads
Section of beams/trusses/cables

@
oAl »
* HNode
" Beam
& Truss
<" Cable
1 Quad
H eric

2 Coupling

L R

¥ spring

& Node support

B

< Line support

SEgEEsEOmEE @

¥ Surface support

H oleleleleleelelele
m .

o

@ FEmesh 7

Advanced options:
» Beam

> Spring

» Tendons

a

Figure 18.6: Box Girder Tendons
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Final State Optimization SSD Text Editor tasks

Step 19: Final State Calculation text editor tasks.

+ Right-click on Remaining Tendons text editor task
and select ‘Insert Group’ as shown in the Fig.
19.1. Rename the group to “Final State”.

+ Then right-click on the “Final State” task group and click on
“Insert Task”.

% Springs

E Remaining Tendons

~ Final State |

Insert Group
Insert Task

Figure 19.2: Insert task

+ Select Text Editor and click ‘OK’.
<2 SOFISTIK: Insert New Task

+ Remaining Tend

Figure 19.

Step 1:

| Q Search...

Tasks

Description

ext Editor

T7] User Text

~ System

F Bore and Soil Profiles

1dinmm mm e filtarina cmd eadccins maoce rocido sl eeod e

=

Figure 19.3: Insert Text Editor Task

Additional text with ¢

Blank text editor for :

Rename
%2 Text Editor
@ Calculate: "Springs”
C* Calculate up toe "Springs”
C# Calculate from: "Springs”

Reports

B8 Insert Group

1: Insert Group

+ Right click on the Text Editor from the
task tree and click ‘Rename’.
Rename the task as ‘Final State
Calculation’. Double-click the task to
open its teddy in SSD.

Bare profiles and pile

Cancel |

G METTIQiriry 1enuonzs

- Fina te

(-~ L .
g Final

State Calculation

Figure 19.4: Rename text editor task

+ Click Here to download the text editor file, “Final State Calculation.dat”.

+ Copy its contents and paste in the project’s “Final State calculation” task.

9 Finat Stxte Calcutacion
< 3 Final St o

1!'#!Chapter Final State Calculation
2+prog ase urs:21.1

3head Final State Calculation
4syst prob line

sgrp -

6let#dlf @ $ dead load factor
7let#suf 1 $ self-weight of cable
8#define swfactors

9GRP no facd

1e ] #d1f

11 11 #d1f

12 12 #dlf

13 51 #d1f

14 52 #d1f

15 (lel 125 1) #dlf

16 (981 9e8 1) #swf

17 #enddef

18#include swfactors

19

281LC 181 FACD @ titl 'Formfinding first estime
21 lecc 2,3 § Additional G_1 & G_2

22 lce (11 14 1) $ back span cable pre
23 lecc (1518 1) $ main span cable pre
24end

25

26 !4 !Chapter Scalable load cases calculation
27+prog ase urs:22.1

+ Right-click on “Final State Calculation” task and
click Calculate : “Final State Calculation” .

3% TETTIENITg|
~ Final State

& Edit
Rename

£ Text Editor

=] Calculate: "Final State Calculation” |

Final State

i NPT

W aeme e e

Figure 19.5: Calculate task
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+ The Final State Calculation task has three Chapters. The first Chapter, ‘Final State
Calculation’ calculates the Self-weight of only cables using grp command, CB and WC loads,
and initial cable forces, under load case no. 101, to find the deformation of the cables. If
deformation is acceptable, in the next chapter ‘Scalable load cases Calculation’, individual
load cases of cable pretension are calculated. In the third chapter, using 101 as equation load
case, and individual cable pretension load cases, we set limit to the vertical deformation of
cable-deck connecting nodes as 0.7 mm (allowing downward displacement) and horizontal
displacement of cable-pylon connecting nodes as 0. A tolerance of 1 mm is also considered.

Step 2:

+ Right-click on “Final State Optimization” and Click on Insert
task. Insert a text editor task. Rename it to “Update cable
pretension”. Double-click to open teddy in SSD.

~ Final State
4% Final State Calculation
E Update cable pretension

Figure 19.6: Add Text editor
task and rename

+ Click here to download the “Update cable pretension.dat” file. Copy its contents and paste in
the text editor task, update cable pretension in SSD. Right-click Update cable pretension task

and click ‘Calculate: “Update cable pretension™.

”)

+ We see two modules here. In the first module, we convert the new factors from previous step
into cable forces, and store them in load case number 102. These forces can be viewed in
SOFISTIK Graphics. These are same as the new factors from the Calculation Protocol of
previous task, final state calculation as shown in the fig. below. As these factors are multiplied
with unit pretension we had given to the cables in step no. 12.

Protocol

EL== P

##% ctart: Program csm

TTOST UM ML W S e X

: Fimal state optimization

SOF1STiK 2826-1.1.1 CS¥M - CONSTRUCTION STAGE MANAGER
Qutput on file Extradesed Bridge_tut.plb
Project data base Extradosed Bridge_tut.cdb
CSM EQUATION ITERATION 1
Restriction type number

node
node
node
node
node
node
node
node
loadca

m
=]
P T R I . I ST T

TIME NEEDED
TIME NEEDED
DATE

=% ctop !

1]
15
15
17
12
1
1z
13
14

Uz

X

163,

aCCess

cs target act.value tolerance fulfilled?

2141 -@.881 -8.821
2143 -8.881 -g.a1%
2145 -8.881 -8.817
2147 -8.881 -@.8l14
1413 8. 008 -g@.a84
1415 2.008 -g.8a83
1417 8. 008 -g.ea3
1419 2.008 -g.8a83
last factor new factor  change
2. BERRE0 3ILE2, 562189 3523,562189 (fmax= 1.8)
[=clclclslele) 1227.927612 1227 .927612
2. BERRE0 952.878388 952.878288
[=clclclslele) 4893 . 888371 45393.58588371
2. BP00a8 3451.898682 3451.898582
[=clclclslele) 1858.775513 1858.775513
2. BP00a8 413.957947 413.957947
[=clclclslele) 5283 .4485818 5283, 448918
@ SECONDS, TOTAL A SECONDS
@ SECONDS, TOTAL 8 SECONDS

2826-81-23, 15:38:52

Program CSM urs:23.1
**% gnd of Calculation!

Figure 19.7: Extracting cable pretension
factors/forces
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Construction Stage Analysis using SSD Text Editor Task

Step 20 : Construction Stage Manager with Pre-camber

+ In the Project Navigation tree, right-click on ‘Linear Analysis’ Task and click on ‘Delete’. When
prompted for action, click on ‘Yes’. This is because we do not want to use Linear Analysis

task in this tutorial.

~ Calculation
;} Constru £ Edit

~ Computer Aide Rename <& SOFISTIK: Delete Task X
;D .
=2 Traffic L C* Calculate up to: "Linear . @ e e Al

g Calculate from: "Linear £
Are you sure you want to delete this task?

Reports
Insert Group ‘ No

Insert Task
aﬁ Duplicate Task

[ Delete

Figure 20.1: Delete Linear Analysis Task

+ Double-click on ‘Construction Stages’ Task as shown in the Fig. 20.2 below.

Project Navigation 5]
~ System
3‘6 System Information

X SOFPLUS(-X) Modeling

a1 ]

Construction Stages
Figure 20.2: Open Construction Stages Task

+ We see the stages defined in SOFiPLUS-X and pre-stress tasks are already created. We can
use the graphical approach and add more stages such as activation of dead load after every
segment is activated. However, to save time, we shall use the text editor task.

+ Uncheck “Process immediately” and click OK.

| SAHIBTL UL ISV SLAYS US|

Process immediately | Init | oK | Cancel || Help |

ke

+ Right-click on Construction Stages task and click on “Convert to user task”. Double click the
Construction Stages text editor task to open in SSD. We can see the predefined stages are
converted to text. We shall replace this text in order to add & give activation of dead load in
the next stage for every member, add stages for additional dead loads, reduce the time taken
for construction stage analysis and perform pre-camber analysis along with it.

+ Click here to download the “Construction stages.dat” file and open it. Copy its contents and
paste in the text editor task of our project.

+ Right-click on the Construction stage task and click “Calculate: “Construction Stages

© Note

Construction stages include three tabs:

1. Stages: To define the Stage numbers, title, type and duration.
2. Groups: To activate and deactivate the elements and boundary groups in desired stage numbers..
3. Loads: To activate and deactivate the load cases in desired stage numbers.
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Construction Stage Analysis using SSD Text Editor Task

Step 21 : Plot Pre-camber

+ Right-click on “Construction Stages” text editor task and select ‘Insert Task’ as shown in the
Fig. 21.1. Select Text Editor and click ‘OK’.

~ Calculation

+ Rename the task to “Precamber Plot”. Double-click MHE it

the task to open its teddy in SSD.

+ Click here to download the “Precamber_plot.dat” file. Open it and copy all contents.

+ Paste the contents in the text editor task of “Precamber plot” and Calculate it.

~ Calculation

g Construction Stanes
& Edit

Rename

2 Text Editor

K3 (C3lculate: "Precamber Plot"

Figure 21.1: Calculate Task
+ After calculation is complete, right-click the precamber plot task and click on “Reports”. Report
browser will open and show the precamber for superstructure girder nodes at all their
activation stages, i.e from stage 30 to stage 340.

~ Calculation

@ Censtruction 5t =
e o

Insert Group Figure 21.2: Open task report
Insert Task
aa Duplicate Task

% Convert to User Task

m Delete
|§|' BB B0 S s 2026 - [DA1_Technical3_ Materi o Bidge tut 033pk] - Precam.. — O X
-m.... Progams  View  Hep A~ [F[3I%
+ In the Report browser, go to File > MBGk E [ Qi Fe [ = s2soa
. . . . . mate cony Conyto Pae | Paae  Zoo Rotte potate  Ean -
Project options > Print > Print Margins > | o o e
H H {3 ” H ant
Orientation, choose “Landscape”. Click 5= .. .
OK = [ Precamber P
- - L M
® ot
s @
SOFiSTiK: Project Options - [D ﬁ
1 2
~ Export to DOCX . . - H
Export to DOCX Orientation -
- %J Print ) Portrait i =
Print Margins W el iz
Page Frame (®) landscape i
Page Style =
Page Numbering =
Date Motification sy
Header Logo and Bottor
~ < SOFiSTiK General
General
Edit File ‘sofistik.def | T
Ad-Portrait Page1/6 7% [«

Figure 21.3: Precamber Plot report
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Loads using Text Editor in SSD

Step 22 : Traffic Loads

+ Click here to download the file ‘“Traffic Loads.dat’ using following link.

+ Right-click on “Precamber plot” task and click ‘Insert Group’. o =
Rename the group to Loads. %J

Rename

+ Right-click on “Loads” group and click on Insert task. Select the
‘Text Editor’ and click ‘OK’.

@ Calculate: "Loads”
|;! Calculate up to: "Log

+ Right-click on ‘“Text Editor’ task and click on ‘Rename’. Input name as (3 Calculate from: "Loal
‘Traffic Loads’. Insert Group

+ Double-click the ‘Traffic Loads’ task to open it. Paste all the contents B Duplicate Task
of the ‘Traffic loads.dat’ into the ‘Traffic Loads’ task. Figure 22.1: Adding

+ Right-click the ‘Traffic Loads’ Text editor task from the project navigation Text Editor task
tree menu and click ‘Calculate: “Traffic Loads” as shown in the Fig. 22.2 below.

‘%~ Traffic Loads

£ Edit
Rename
& Text Editor Figure 22.3: Calculate Task
(2] Calculate: "Traffic Loads" |
Q Calculate up to: "Traffic Loads”

l; Calculate from: "Traffic Loads”

+ In this way, we complete the loading of vehicular Traffic Loads.

In this tutorial, we have used ella module (calculation using influence lines) to perform the traffic
load analysis. According to the scope of the tutorial, only cable forces are extracted and used
for cable stress check in further steps.
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Wind using SSD Text Editor task

Step 23: Assign Wind Loads (Part 2)

+ Right-click on “Traffic load” text editor task and select ‘Insert Task’ as shown in the Fig. 23.1.
Select Text Editor and click ‘OK’.

+ Rename the task to “Wind Load”. Double-click the task to open its teddy in SSD.
+ Click here to download the “Windload.dat” file. Open it and copy all contents.

+ Paste the contents in the text editor task of Wind Loads and Calculate it.

& Edit

Rename

& Text Editor

(] Calculate: "Wind Load"

Figure 23.1: Calculate Task
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Loads using Text Editor in SSD

Step 24 : Temperature Loads

+ Click here to download the file ‘Temperature.dat’ using following link.

+ Click the previous task and then from Home ribbon menu, click ‘Insert Task’. Select the ‘Text
Editor’ and click 'OK". o o m « o

File Home | Text Editor Edit Insert View Help

EElR o

4

Insert | Insert |Duplicate Calculation Calculate Calculate

Group | Task Task All Tasks
Tasks Calculation
< SOFISTIK: Insert New Task X
[ Q Bearch...
Tasks Description =
~ General
I 8 Text Editor I Blank text editor for any user input with CADINP
'13 User Text Additional text with pictures for the report
- System

Figure 24.1: Adding Text Editor task

+ Right-click on ‘“Text Editor’ task and click on ‘Rename’. Input name as ‘Temperature Loads’.

‘% Temperature Loads

£ Edit
Rename |

&2 Text Editor

Figure 24.2: Rename Task

+ Double-click the ‘Temperature Loads’ task to open it. Paste all the contents of the
‘Temperature loads.dat’ into the ‘Temperature Loads’ task.

+ Right-click the ‘Temperature Loads’ Text editor task from the project navigation tree menu and
click ‘Calculate: “Temperature Loads” as shown in the Fig. 24.3 below.

‘%« Temperature Loads 5 tan ©® Note
Rename The text input can be well
52 Text Editor understood by pressing

‘F1’ from keyboard. After
clicking on one of the

3 Calculate: “Temperature Loads”

C* Calculate up to: "Temperature Loads” command lines, the
C¥ Calculate from: "Temperature Loads” corresponding help

manual of the module
shall open and navigate to
that command
automatically.

Figure 24.3: Calculate Task

+ In this way, we complete the loading of constant and differential Temperature Loads.
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Analysis using Text Editor of SSD Task
Step 25 : Response Spectrum Analysis

+ Linear dynamic analysis, i.e. the response spectrum analysis for earthquake is performed
here using SOFILOAD, ASE and DYNA modules.

+ Right-click the “Temperature loads” task in project navigation tree menu and click on Insert
task.

+ Insert a text editor task. Rename it to “Response Spectrum Analysis”, g8t Temperature Load
right click and click on Edit.

o - .
-7 Response Spectrum Analysis

+ Click here to download “RS.dat” file. Copy its contents and paste in the text editor task of our
project in SSD.

+ Right-click the task and click ‘Calculate: “Response Spectrum Analysis™

3 Temperature Load

&t
- Response Spectrum 2

& Edit

Rename

B Text Editor

B3 Calculate: "Response Spectrum Analysis™

4 Folcdate v fe "D Conmrfer s Aoabemie

Figure 25.1: Calculate Task
Insight on the text input:-

In this text file, firstly, we have applied 20% live load in the form of udl on the superstructure.
Based on the water current level, hydrodynamic loads are also applied. Then linear analysis of
these loads and the permanent dead loads is calculated. Masses from these loads are used in
the calculation of eigenvalue analysis.

The soil type is medium, zone 4, and importance factor is taken as 1.2. Based on these
parameters, the RS function is calculated and put up in row-column (table) format.

Template module is used to store data like variables and blocks. Variables can be stored
globally using the command STO# . In this text file we store variables for factors that
may vary such as response reduction, Seismic Zone, and importance factor. These are used in
algebraic expressions in the SOFILOAD module.

The blocks are defined using the command #define ... name of the block and must
end with #enddef. This helps to create long inputs required at many locations in the text file,
which can be called upon using #include ...name of the block. We have used this block
in SOFILOAD for X, Y and Z direction loads.

The SOFILOAD module is defines the loads under different load cases.

+LC NO type none titl  “ “: We have used 8007 series of nos. for X, Y and Z
direction loads with a gap of 10 to accommodate the 10 mode shapes. Action will be ‘none’
to avoid using it in any combination. Title helps for us to know what that LC includes.

+ RESP type user AG AH 1 AV 0.67 MOD 0.05titl“ " $ : Here, response using user
defined spectrum. Basic acceleration, AG, has a formula to incorporate the factors. AH and AV are
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the horizontal and vertical acceleration factors, respectively. Modal damping is 5%. The $ sign helps to
add a comment to the line and is not used by the program.

+FUNC T __ F__ :Here we use only the command line and items as column heads for the function
defined in the block, RSFunc_SP114. We call this block using #include.

+ ACCE type dir AX _/ AY _/ AZ _ : With this command we direct the loads in a given direction. Thus,
three sets of the above commands are defined, one for X-direction, one for Y-direction, and one for Z-
direction.

+ The DYNA module is for dynamic analysis. Here, it calculates the combined forces with
following set of commands:-

+ CTRL OPT V2 : This command defines calculation parameters and here it is for results of
spectra. V2 exhibits superposition type, here, it is CQC.

+ EIGE NEIG ___ TYPE REST LC ___: We call the eigenvalues and their number under the item
NEIG. Rest helps the program to collect data from previously calculated eigenvalue. Here we have
already calculated eigenvalues in step no. 9. There the series of load case numbers was defined, and
we put the same value here to call those results.

+MODD D __ : This defines the modal damping, here, of 5%.

+LC ___ fact 1 titl : We put the results of superposition in series of new load case number, 80?7,
for each direction. A factor of 1 shall be used and title for our report.

+LET#___ _ :We store the variable value in between the head and end of this single module. Also
called as local variable.

+ EXTRTYPE ___ MAX MIN STYP ACT : Command to evaluate maximum and
minimum forces and moments. The type of output such as N for axial, V_ for shear, M_ for moment,
U for displacement, and Spri for spring forces have been used in our example. You may use help
manual to know and add or replace desired outputs. With max and min we ask to provide the results
in those series of load cases. Here, we have used a variable #LC1 as 425. Using this, the results, for
example, axial maximum positive value shall be under load case 425+1=426 and minimum, i.e.
maximum negative value shall be in the load case number 425+2-=427. Styp exhibits superposition
type, here, it is CQC. We put these results under an action for each direction, so that we can use
these load cases in load combinations.
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Cable fatigue checks

Step 26 : SLS Rare Load Combinations

+ Rename the Task group ‘Computer Aided Bridge Design(CABD)’ to “Cable fatigue checks”..

&% Hesponse Spectrum Analysis
~ Cable fatigue checks

~ Cable fatigue chec M Delate
-]
Traffic Loade

+ Delete the “Traffic Loader” task using right-click menu.
Click yes to the prompt.

+ Right-click on Cable fatigue checks task group and click ‘Insert task’. Select Text Editor and

click OK. &% Response Spectrum Analysis

= Cable fatigue checl=<
1 Insert Group

B Insert Task
aﬁ Duplicate Task

< SOFISTIK: Insert New Task X
i Q kearch...
Tasks Description |
~ General
I g Text Editor I Blank text editor for any user input with CADINP
'13 User Text Additional text with pictures for the report
~ System

+ Right-click on text editor task newly added and click on ‘Rename’. Change the name to ‘SLS
Rare — for cables and superstructure’.

+ Double-click on the ‘SLS Rare — for cables and superstructure’ text editor to open it.
+ Click here to download the ‘SLS fatigue.dat’ file for load combinations.
+ Copy & paste all contents to text editor task.

+ Right-click on the SLS Rare — for cables and superstructure task and click on ‘Calculate: “SLS

Rare — for cables and superstructure™.

* (Cable fatigue checks
m & Edit

Rename

& Text Editor

||§| Calculate: "SLS rare - for cables and superstructure”

—& - . .

Figure 26.1: Calculate Task

+ The maxima modules combine the post cs load cases like live loads, constant temperature,
wind loads. Their maximum, minimum load cases are used in the agb module that can not
only combine the cs loads with the post cs loads, but also extract the stresses required for
checking in the next step.
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Cable fatigue checks

Step 27 : Cable forces and Stresses check

+ To check the cable fatigue we can extract the table results of cable forces and stresses.

+ Right-click on “SLS Rare — for cables and superstructure” task and click on “Insert task”.
~ Cable fatigue checks

2! SLS rare - for cables superstrugie=
& SL5 rare - for cables and superstrug ES] Insert Group

B Insert Task
B3 Nunlicate Tack

+ Select the “Interactive Lists and Graphics” task and click ok.

+ Right-click to rename the task as “Cable stresses”. NS S
+ Double-click the cable forces and stresses task to open | Q search..
result viewer inside SSD. Tacke
. . . ~ Paostprocessing
+ Click on “Create a new Table”. Interactive Graphics

Interactive Lists and Graphics

Create a new Table

Tabkular cutput for system values and |
results.

ok || cancel |

Figure 27.2: Create a New table Figure 27.1: Insert Interactive List and Graphics task

+ In the Selection dialogue box/menu, go to Design > Cable Elements > “Stress”. Click OK.

B Search Result + From the Document browser click on the A: Cable Elements
. : Stress.

- CI‘OSS section overview
0 F Systern values Document Browser
1 | b 54 Resulis —

- = Design EEH ID}F:c:ment

- Cable El ts - age .
S - ~ B Table Figure 27.3: Cable
. A: Cable Elements Stress | Stress table
Cancel

+ Go to Result ribbon menu > Result > Edit Selection drop down.

+ Check off all. Then Check ON Load case numbers 9817 & 9818. Click OK.
& B8 9>

File Home Result Table Page View Help

LLC

) - E‘ B2 Duplicate %} % L Eat
= + “-LC | ) Check selected Selection ¥
4~ pad lﬂl Delete Selection  Jain Edit O | 5653: Creep until t-infinite
- - Selection |Uncheck selected | 9817: SLS Rare N cabl Env_Max
e — 1 ||¥ 9818: 5LS Rare N cabl Env_Min

Document Result " — - =
|!£]Check all | 099%: DLZ= -1.00 sum_PZ=-376.0 MN .
10043: MAX-N CL A1

O | 10044: MIN-N CL A1
| =] Uncheckall_|| 1] 10143 MAX-N CIL A 2

I -
ARAAA AR RS A T

o - | .
EE Invert selection | Show current selection on top Cancel

Figure 27.4: Load Case Selection
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+ From the Document browser, Right click on the Table to rename to Cable stresses as shown

in the document browser fig. below.

Document Browser

=== Document

- D Page

22 Cable Stresses
4 A: Cable Elements Stress

Figure 27.5: Renaming Table

+ Click Here to download the “Check_cable.xlsx” excel sheet.

+ These can be extracted/exported

to MS Excel. Click on the Cable
Stresses and go to Table Ribbon
Menu > Output > click “Export i
Current list”. Input file name
“Check_cable.xIsx”, change

worksheet name to “cable stresses” and
click ok.

+ This is an excel sheet in the same folder

where we have saved our project (refer

fig. below). Double click the excel sheet from
windows explorer to open it and check the
Sheet, “Cable check”. We see here the
results from SOFiSTIiK exported to the sheet
Cable stresses. The table is taken to sheet
cable check. Further the utilisation ratio of
each cable for the critical/envelope of

SLS rare combinations is calculated. This
means the adopted cable strands are within
the safety limits.

Figure 27.6: Export to Excel

& BB >

File

Home Result Table Page Wiew Help

EFER @ DE @~

Insert

Insert Duplicate Calculation Calculate Calculate Viewer System Graphic

ilt Page  View  Help
O "HEE BE

Sort Columns Find Rename
- Formatting =

Edit

222 SOFISTiK: Export Settings

Exii

Conditional

Settings

E:‘f

(x]

Export Current
List

falues
Qutput to Output to
PLB Excel

Cutput

*

File: ICheck_cabIe.xst

I=

| Format

(®) XLSX Workbook

() Text/CSV

Settings

Worksheet:l |Cable forces

Row: [1

| Column: | 1 |

Additional Data

v Column Titles

CDB Path

Filter

Date and Time

Selected Loadcases and Elements

Table Title

@ An already existing file will be overwritten.

[ ox Cancel

SOFISTIK Structural Desktop 2026 [D:\1_Technical\3_Mat

i

Result

B o
5 archive P commana shell

Report Database
Tools v &8 TextEditor ~ [ Protocol

Group  Task Task All Tasks - - - -
A B C D E F G H | J K L M
LC LC-title CABL [sig [MPa] Utlization Ratio |OK/NG |Maximum permissible tensile stress = 1860 Mpa |
9817|SLS Rare M cabl Env_Max | 901001 753.13 40%| 0K
9817|SLS Rare N cabl Env_Max | 901002 750.24 40%| 0K
9817[SLS Rare N cabl Env_Max | 902001 493.83 27%| 0K
9817|SLS Rare M cabl Env_Max | 902002 491.24 26% | 0K
9817|SLS Rare N cabl Env_Max | 903001 219.54 12%| 0K
9817[SLS Rare N cabl Env_Max | 903002 217.46 12%| 0K
9817|SLS Rare M cabl Env_Max | 904001 739.82 40%| 0K
9817|SLS Rare N cabl Env_Max | 904002 73814 40%| 0K
9817|SLS Rare N cabl Env_Max | 905001 §14.32 44% | 0K

Figure 27.7: Check in Excel
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SOFiSTIiK Graphics

Step 28 : Structure, Load & Results Review

+ In SOFIiSTIK Structural Desktop (SSD). In SSD > Home ribbon menu, click on Insert Task >
select ‘Interactive Graphics’. Double-click the task to open SOFiSTiK Graphics.

-
& S8 9 SOFISTIK Structural Desktop 202 & SOFISTIK: Insert New Task

File System Visualization  Images View  Help l Q Kearch..

E=1 B3 ﬁ N El = @ === [ Tasks

= ') " === |E . -

— E - = - === 4 }# Analysis of Combined Loads

Insert | Insert |Duplicate Calculation Calculate Calculate System Graphic Result Report ~ Postprocessing

Group Task All Tasks - - - r‘ Interactive Graphics

Tasks Calculation Postprocessing === TRt ivE anoreTaphics

Figure 28.1: SOFiSTIiK Graphics interactive task
+ Here, we can view the structural member numbers, element numbers, node numbers, group
numbers and so on. To activate the view of the desired outout, e.g., Structural member
number, simply use the ‘Structural values, loads, results’ @ Tree menu and click ‘Structural
Lines’ under System values > Structural Elements.

@]l |« |® |3 |a| |sfeflewl [F={=fTm
=Y System values . : - Tendons s

tructural Elements G RO N T A4S 1R bR ’.‘ e AR T S S AR AT M

tructure “ ‘ ‘ ‘

[—]@ Structural Elements

4 Structural Points

EE Vi g - -

: Designation of structural line

.-{t:4 Desianation of referenced strn

Figure 28.2: Structural member numbers
+ To increase the size of text, use the slider bar as highlighted in the image below.

y‘ SOFiSTIK Graphic 2023 - [<New document> *] - [E;/02_tech material/07_pdf tutorials/psc composite model file/psc composite i girder bridge.cdb]
File Edit View Select Extras Options Help

8|(2 QISR [ v8|o~| =[] B8 3| o oo B[R] &\ B e~ s &[22l o | 2@ I | L Bl I

2[5 2| | 2803 ls3l v #R]| — F— &l X #lo]] Xlal=l] ]l | W« ]| [& 2 SEE
| M ®|o|=|—|ol=|| olm|.0|1]2].3].] |
Figure 27.3: Increase font size

+ To change the view point of the model, use the shortcut tools 5”‘|T-=»x|E"|-I=- e | 5|47

+ To get to a user defined view point, use the shortcut tool @ . This will open another window
to freely rotate the model. Click OK to view this angle in Graphics.

@ SOFISTIK: View

Apply on: [all selected tayers in the layer tree jl K Ic;mc |
Figure 28.4: Custom view point
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+ To check tensile stresses of the SLS rare combinations, from the ‘Structural values, loads,
results’ Tree menu > Design > Cable Elements > Stress of the stress Point, click ‘Beam
Elements, Maximum stress’. We may select the desired load case from the drop down.

@ || | |= O
EEI---E System values
Eﬂ---ﬂ Loads
=

Results

Figure 28.5: Maximum stress to check
tension

DEilization level
Eg---ﬂ Deformed structure

+ To change the load case easily, go to ‘LC’ tree menu and select the envelope of SLS rare
combinations load case, i.e. 12001: S101_N cabl_Max u > default: First valid material.

# [ic ]|« |8 |@ |

=00 12001:5101_N cabl Max u

: . default:First valid material
_ LR T Py Te00 (IRC T14)

..0C 12002:5101_N cabl_Min u "»

nnnnnnnnnn

0.0 20.00 2000 w000 s0.00 co.00 0.0 0.0 s0.00
1 Il 1 Il 1 1

. sector of sysvem Cable Flemencs

L x Cable Elemmts ; Suxess, Design Case 12001 101K cabl Max u, Masesisl 3 Fy 1600 (I8C 133) 4 1 cm 30 = 3156.2 MFa (Max007.51)

Figure 28.6: Maximum stress at Bottom stress point

+ We can add more pages with other results to Graphics. Simply right click on the next output
and select “on new Graphics”. These pages/graphics are saved and seen in the fourth tree
menu, i.e. the Layer tree menu. @ ¢ l‘ & |3 |a | Next will be on new graphics.

+ To check at load case number 12002: S101_N cabl_Min u, we will navigate to ‘Structural
values, loads, results’ Tree menu > Design > Cable Elements > right click on Stress and click
on “on new Graphics”.

]| |« |® |3

- B System values
P Loads
[]-oA Results

iy steess

i Jtili
T Deformed Use result type

Figure 28.7: Stresses in cables

on new Layer

on new Picture

I on new Graphics I
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+ To add more number of results under graphics (pages), right-click on the ‘Graphics 2" and
click ‘New Graphics INS’. View the desired output using the ‘Structure values, loads, results’
and ‘LC’ tree menu for Graphics 3.

B |c |4l [T |0 |
EI J Graphics  1: Beam Elements , Maximum stress DC: 9990 pointBOT

-_-b Picture 1: Beam Elements, Maximum stress DC: 9990 point:BOT
¥ 1: Beam Elements, Maximum stress DC: 9990 pointBOT

In the ‘Layer’ Tree menu.

Use this Graphic My LC
ntMy LC: 9996
New Graphics INS r LG 9996
New Graphics with current layer
+ TO create more images in same page GO to " SOFISTIK Graphic 2023 - [<New document> *] - [E:/02_tech ma
‘View’ main menu and click ‘Graphics Setup...’. File Edit View Select Extras Options Help
et — Show Sheet Border
| Show Picture Partition »
Drawing S ? x .
faning Setwe + In the Drawing Setup, under
General | Head ine | Annotation | Colourscale | Partition, input desired number
- Scale factor Partiion - of pictures in height or width
" User defined M1 [0 Number of pictures, Height ~ and click ‘OK’.
* Maximum W adapt Number of pictures, Width 1 -
" Rounded [V Amange pictures in rows (horizontally)
¥ Scan allayers [~ Patition for all drawings
™ Scan structure elemerts only e I
Preview

+ Right-click on the ‘Picture 1’ of the Graphics 3 and click ‘New Picture INS’. Click on ‘Picture 2’
and go to select the desired output from the first two tabs of the tree menu.

B | |4 & [@ |0 |
E| V_\I Graphics  1: Cable Elements, Stress DC: 12001
= ﬂ_‘h Picture 1: Cable Elements , Stress D 12001
L 4 1: Cable Elemnents , Stress DC: 12001
Graphics  2: Cable Elements, Stress DC: 12002
5_@]% Picture 1: Cable Elements, Stress DC: 12002
------ 4 1: Cable Elements , Stress DC: 12002
hlcs 3: Beamn Elements , Cross sections; All loads LC:

—10.00

—10.00
7.00
7.00

-—10.00

—10.00

o
1

7 Grap

ET

Use this picture

.= 1: Beam El |

(T 2: All load: New Picture INS
guf Picture  2:Be New Picture with current layer g
""" E 1: Beam El New empty Picture a0 00 o 0o s s =

Copy (only within the tree) CTRL+K
Paste CTRL+V
Replace  CTRL+H

I om 30 = univ) Beam line load (fozce) in global I (Univ=35.€2 Ri/m T otn=-26.50) tax—-7.000

Copy (also to Clipboard) Ctrl+C
Delete  DEL
Graphics Setup... DOUBLE CLICK

Tree controls >

-s0.00 n.00 .00 00.00 159.00 00.00 5000 =}
| 1 |

secvor of sysve 21 odam
£ x Berm Elemenes , Banding momens My Oaximum values cubic intarpolsted), Losdiile 2 CB , 1 cm 2D = €40€2 Mn (Hinw-100715.27)
[r——
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+ We can add as many diagrams as desired with new graphics. While closing SOFiSTiK
Graphics, the program prompts to save. Click Yes.

Graphic x

@ Save changes ? Figure 28.8: Save Graphics

Yes No ] Cancel ] < SOFISTIK: Interactive Gr.. X

@ Accept changes ?
+ Back in SSD, the program prompts to accept changes. Click Yes. |[ 1 |
Yes No

Figure 28.9: Accept changes for SSD
+ We can now calculate this task and open
its Report to generate presentable pdf or

: : , . I ——
include in the customized report explain 22 Cable stresses
the further steps. pd Interactive Graphics
& Edit
Figure 28.10: Generate Report Rename
%2 Text Editor

(Z] Calculate: “Interactive Graphics”

+ In SOFIiSTiK Reports Browser we will get all the images that
were saved in the Graphics. This can be exported to PDF or
word document DOCX.

Q Calculate up to: "Interactive Graphics”
l; Calculate from: "Interactive Graphics”

Reports
- - a3 Materisl\Tutorisis\Extradosed .. — O X
Jts V. Errors k] -
B”' Open.. Ctil+0 Recent Documents 'B vl ® 2GS
1 losg case
% Save as.. 2
3
% Export to Text.. 4
N 3"
Export to PDF... .
@ Export to DOCX... z
8
[t T
(= Printing... b

r@ User Options...
;} Project Options...

Exit Alt+F4

Figure 28.11: Export options for Report Browser

[ Interactive Graphics
Ad-Portrait Page1/4 30% =] == |#]

© Note

Overview of load cases.

» Cumulative CS displacements and forces start at loadcase number. 4000

» Independent CS displacements and forces start at loadcase number. 5000

+ 6000 load cases contain the secondary forces due to creep and shrinkage of the cross-section

» The real secondary stresses including the secondary creep effects are found in the 7000 load cases.
» To check prestress normal force after creep and shrinkage :- beam normal force LC 7000.

» Primary part of prestress in construction stages at LC-no. 15000

» Secondary effect of prestress in construction stages at LC-no. 16000
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Report Browser

Step 29 : Custom Report Generation

g

+ In SSD, we can generate custom report. Go to Home tab > Report > Configure Custom
Reports as shown in the image below.

All Reports

%/ Materials
B3 remer Cartinne

| SOFiSTIK Custom Report |

< SOFiSTiK: Configuration of Custom Reports X
= g M Ciean [ [
4 3 Custom Reports Details of Report: new Custom Report
@Archwe — — == — T ——— —
Report| Database _ BRI =|[YE[REAV] B
~ Tools v 4 TextEditor ~ [f Title PLE Task =
£} Configure Custom Reports... All Reports X_SQFPLUS(-X) Modeling

_3 Construction Stages
3 Precamber Plot
3 Traffic Loads
. Wind Load

% Temperature Load
% Response Spectrum Analysis

2% Cable stresses |
r Interactive Graphics

il SE L L ML L SSE LS

oK Cancel Help

Figure 29.1: Create Custom Report

+ Click on ‘i| to add Custom Report. Click on and Edit the name of the ‘new custom report’ to
a desired one like ‘SOFIiSTiK Custom Report’.

=]

=

+ Click on to add rows below in the ‘Details of Report: SOFiSTiK Custom Report’.

+ Select the desired topics to generate report in that sequence. You may refer to the image
above to select the topics.

+ Click on ‘OK’.

+ Go to Home tab > Report and click on ‘SOFiSTiK Custom Report’ (or any other name given to
the new custom report in the steps above).

gﬁ m Clean @

@ Archive
Database

Tools ~ & TextEditor ~ [¢
{§} Configure Custom Reports...

4

Report

-

All Reports
[ SOfiSTiK Custom Report

% Materials

+ This will open the report browser that includes combined reports of the chosen topics.
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