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soon as they are detected.

The user of the program is solely responsible for the applications. We strongly encourage the

user to test the correctness of all calculations at least by random sampling.
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1 Introduction

1.1 Contents

A detailed introduction of the task ,Beam and Slab Bridge* will be given in the following Tuto-
rial. Using an example out of the German literature [1], the complete workflow from the input
up to the analysis and documentation is described in this example. The results can be easily
checked with the literature.

1.2 Intention

Working through this entire example will help the user to understand the logic and design of
this task. Also the user should be able to work independently on any bridge design using the
SSD-Task “Beam and Slab Bridge”.

1.3 Basics

To understand the following Tutorial, the user must know the basic functionality of the SSD.
We provide a general SSD-Tutorial ssd_tutorial_1.pdf on our website:

www.sofistik.de/infoportal

Introduction 1



<2 SOFiSTIK

Checking input and results according to the latest available codes is in the
responsibility of the user and has to be done for e ach project!

This example is based on the codes listed below
DIN 1045-1 (2.Berichtigung 06/05)
& DAfStB Heft 525 (Berichtigung 1:2005-05)

DIN-FB 101 and 102 (2003) and ARS from BMVBW (Federal Ministry of Trans-
port, Building and Urban Affairs)

Additional interpretations of the National Committee NABau and experiences ac-
cording the usage of the DIN-Fachberichte up to 22" August 2007

The SSD-Task “Beam and Slab Bridge” in the version 23.10.17 is available for the following
codes.

- German DIN Fachbericht 102

- Eurocode EC 2 1991-2

- Spain EHE IAP 2003

- British Standard BS 5400

1.4 Scope of Work

The SSD-Task “Beam and Slab Bridge” is designed to support the bridge engineers in his
daily work. Beginning with the system generation including tendon geometry and system,
loading according to DIN-FB 101, design of the main structure according to DIN-FB 102 and
also definition to construction stages, the task guides the user dialog based through the
complete input.

This is a fast and easy possibility to check different alternatives, getting fast results for the
primary design and support forces. This can be done with the well known SOFiISTIK accu-
racy. The automatically generated input file is consistent to the SOFiISTIK environment and

can be used with all other SOFISTIK programs.

Introduction 2
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2  General Description

2.1 Insert Task

To add the Task “Beam and Slab Bridge” to your project, please use the right mouse click in-
side the task tree and select the command “Insert Task”. Now the following dialog including

all available tasks appears. Select the task “Beam and Slab Bridge” and confirm with OK.

55"
Tasks Description | |

S 3 linear Analysis Linear calculation of selected separate loadcases
: ‘-f Define Superpositioning Define load patteming to detemmine extreme values of Intemal Forces, Stresses, e,

; l'!'l'Cc\merte Supempositio... Select load patteming to determine extreme values of Intemal Forces, Stresses, et...
i=- Design Area Hements

= Design ULS -arez ele... Design of area elements in ultimate limit state

B Design ACC| -area ... Design of area elements in uttimate limit state with accidential loads

B2 Design SLS - area ele... Design of arsa elements in serviceability limit state such as crack width

= Design Beams

- T Design Steel Constru... Stress Check el or elpl

: \2‘ Lateral Torsional Buc... Lateral torsional buckling check for steel cross sections

"7 Design ULS -Beams  Beam Design in ultimate limit state

" Design ACC| - Beams  Beam Design in ultimate limit state with accidertial loads

- Design 5LS-Beams  Beam Design in serviceability limit state
1= Nordlinear Analysis

! 2 Nondinear analysis in ... Nondinear analysis in ultimate limit state

- B Nondinear Analysis in ... Nondinear analysis in serviceability limit state

- &* | padcass Combinatio... Creation of combined Loadcasses

; j_}‘}‘nah'sis of Combined ... Analysis of combined loadcases according to 1st/2nd order theory
i=- Prestressed Structures

g Beam and Slab Bridge Beamand Slab Bndge

& Arch Bridge Arch Bridge

: EpreTee Wizard for precast beam bridges with insitu slab ( AS 5100)
[ Analysis of Slab Prestr... Analysis of the intemal forces due to prestressing |
| == Additional Modules ™

OK l | Cancel

Picture 1: Dialog — Insert New Task

Now the task is available to use in the task tree. You may move the task up and down inside

the tree. A double-click on this task will open it for input or modification.

Using the SSD menu ‘File’  ‘New Project from Template’ you can select a com-
plete Bridge Example 'dinfb_bruecke' as a template. Please note this template is
o done for the German market and contains all tasks with German titles.

For a complete Project in English language simply start a new project, delete and
add the required tasks.

General Description 3
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= Bl SSD General _ C\Programme\SOFiSTiK\sofistik 23\SSD-Templates
C:\Programme’SOFRS TiK sofistilk. 23,5 50-Templates
General | 2d | 3d || pretee | test

S B G5 Ed

bs5400_bridge dinfb_bruecke hochbauplatte  slabs_non_linear_bs

8110
557

stahlbuehne

Save As... l [ Cancel ] [ Help

Picture 2: Standard Template Projects

2.2 Modify Task

The dialog contains several tabs to define Bridge Type, Cross Sections, System, Prestress,
Constructions Stages, Basic loads, Traffic loads, Wind loads and to control analysis and de-
sign. Starting a new project or modifying a project just go through every tab and change the

input.

o For additional help please read the tooltip’s inside the dialogs.

2.2.1 Tab Bridge Type

The task “Beam and Slab Bridge” contains three types of bridges
- Bridge on support and piers
- Inclined strut bridge

- Portal frame bridge (with rigid connection of superstructure to abutment.)

General Description 4



<%

<3¢ SOFIiSTiK

°

Tl SOFiSTiK: Single girder beam bridge

Bridge Type Cross sections System Prestress Construction Stages Basic loads Traffic Wind Design Info

bridge on supparts and piers. [%| 1) Al system values to be defined in tab system

[7] Calculate immediately oK ][ Cancel ][ Help

Picture 3: Tab Bridge Type

2.2.2 Tab Cross section
Different types of cross sections are available in this tab. Every type is shown graphically in a

basic sketch with all relevant variables. The cross section height is variable according to the

alignment and will be defined in the System tab.

The following cross sections are available:
- Solid section
- Box girder declined web
- Box girder vertical web
- Double web T beam
- Three web T Beam
- Slab bridge

- Programmable section

General Description 5



2%

<5 SOFiSTiK

°

Tl SOFiSTiK: Single girder beam bridge

Material superstructure | TC 40/50 (DIN 1045-1) [

Material pisrs [ 1Ca/s0EN 15T | |

Material tendons 35t 1570 5 (DIN 1045-1) s}
|

Caleulate immediately

Brdge Type ‘ Cross sections | System Prestress Construction Stages Basic loads Traffic Wind
solid section | !
b "
7
;[ | — 1 il
h1 at! -
\ h
a2 |
_
T,,
i) Section height h is variable - irput in next folder system
Cross Section Values Reinforcement Values
total width b & m distance 52top | 0.071 m
bottom width b0 22 m S0 side 0on m
slab thickness h1 2 | m 51 bottom 0.071 m
al+a2=50° no comer [_] § abutment 0.0700 m
angle o 5 ] demetertop | 20.0 mm
angle aZ 0 1 diameter side 200 mm
diameter bottomn | 20.0 | mm
AS2 min reinf. top | 10.00 cm¥m
AS0 side+box 10.00 cm#
AS1 bottom 10.00 | em?ir

Diesign Irfo
82,
/481
e
oK ][ Cancel ][ Help

Picture 4: Tab Cross Section — solid section

A detailed description you will find in the following example.

Reinforcement distance is measured to the center line of each reinforcement

layer.

& Please note the different definition of reinforcement distance. Using box girder
cross sections the reinforcement distance is measured up to the center line of in-
ner and outer reinforcement!

For creating a “programmable section” (see Picture 10) please follow the explanation of the

tooltip @ inside the tab. Advanced knowledge of the SOFiSTIK input language CADINP is

strongly recommended for this cross section.

General Description



Picture 5: Box girder declined web

Picture 6: Box girder vertical web

General Description



Picture 7: Double web T Beam

Picture 8: Three web T-Beam

General Description



Picture 9: Slab bridge

Picture 10: Programmable Section

General Description



2.2.3 Tab System, Alignment

This tab deals with all kind of system and alignment information. There are three areas for
the input of “System values”, “Additional Values” and “Pier Values”. The dialog varies accord-
ing to the cross section. Also the location of cold joints for the span by span erection has to
be defined in this tab.

Use the button to define the horizontal and vertical alignment.

Picture 11: System (box girder with variable web wi  dth)

General Description 10



2.2.4 Tab Prestress
Defining the Prestress is also dialog based. There are three different tendon geometries
available:

- Parabolic Prestress

- Straight Prestress

- External Prestress

In a basic sketch all input variables are explained.

Picture 12: Prestress- Definition of Parabolic Pres tress

General Description 11



Picture 13: Straight Prestress

Picture 14: External Prestress

General Description
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2.2.5 Tab Construction Stages

At them moment there are two different erection types available:

- Erection on global framework

- Span by span erection
All important variables especially for the creep, shrinkage and relaxation analysis are defined
here. An automatic precamber analysis [6] for a desired zero deflection in construction stage

traffic opening is also available.

Additional information for automatic creep, shrinkage and relaxation analysis in-
o cluding construction stages and precamber analysis including several examples
you will find in the SOFiISTIK manual csm_1.pdf .

Picture 15: Construction Stages

General Description 13



2.2.6 Tab Basic Loads

Inside this tab all additional dead loads (dead load on road surface including allowable toler-
ance, load on end plates), settlements and temperatures will be defined.

For the Ultimate limit design (GZT in German language) the stiffness, which will be applied
only on the possible settlement loading and on the temperature loading can be reduced by a

factor. This factor is according to DIN-FB.

Additional loads of 0.5 kN/m2 according to DIN-FB (allowance for tolerance for
the road surface), must be added manually to the basic load on road surface.

Picture 16: Basic loads

General Description 14



2.2.7 Tab Traffic

With only a few inputs all necessary information for the entire traffic load according to
DIN-FB 101 will be automatically generated. The UDL load will be applied according to the
different lanes and spans. The tandem system (TS) load can be applied also alone to the
structure.

Modifying all values is very easy and comfortable. As an option you can also apply additional

loads for brake and drive away and for centrifugal effects.

Picture 17: Traffic loads

General Description 15



2.2.8 Tab Wind

In this tab you can activate additional wind loads. There are two separate loads available.
- Wind load without traffic
- Wind load with traffic
The default setting is without wind load, because this load depends very much on the bridge

geometry

Picture 18: Wind loads

General Description 16



2.2.9 Tab Design

Inside the tab design different design tasks are available. This is very important for the de-

sign process, because it allows you to go stepwise through the design process.

- system generation : In a first step the program generates all cross sections including
the effective width and the structural system. We use beam elements with cubic ansatz
function, variable cross sections including tapered sections and eccentric reference
axis [5].

- system and tendon generation : in the next step the tendon geometry and prestress
system will be applied on the structure. We strongly recommend to check the geometry
using the ANIMATOR and URSULA output plots, generated by the module GEOS.

- first decompression check to adjust tendons : This step helps the user to optimize
the tendon geometry. Creep, shrinkage and relaxation results will be analysed ant the
results can be checked in the URUSLA output plots. If necessary, changes are easy to
apply to the system by modifying the input inside the task.

- first ULS design : After the tendon optimisation the next step is the ULS design of the
structure. This will help you to check the general bearing capacity.

- run complete analysis : This is the most advanced design task. A complete analysis
will be done for the entire structure. All relevant design checks are included. The
URSULA output contains plots for every design check including necessary reinforce-
ment plots.

- ‘'single result check’ for a single beam section : This check starts a complete analy-
sis including a full output just for a single beam section. The program automatically se-
lect a beam section from midspan and out of the middle of the bridge. You may directly

select a beam element using the ANIMATOR and the “select element” function.

& Don't use the ‘single result check’ before the complete analysis, because the de-
sign will be done only for a single beam section.

General Description 17



Picture 19: Design

General Description
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2.2.10 Tab Info

The info tab provides you with some additional information of your structure. This can be very

important in early design steps.

Picture 20: Information about bridge structure

General Description 19



3 Example Two Span Bridge

3.1 Problem

We took the following example out of [1]. It is a small two span bridge with 2 x 26.60 m span
width and a single T Beam. The tendon geometry is parabolic. All relevant parameters are

show in the following table.

the task. Also it is very easy to modify the input data to analyse alternative sys-
tems.

o This system seems to be very simple, but it will show the entire functionality of

Example Two Span Bridge 20



Geometry

Total length L = 54.60 m
Span width | = 2x26.60m
Total width including end plates B = 6.50 m
Width between guardrail B = 6.00 m
Width cross section top b top = 6.00 m
Width cross section bottom b bottom = 220m
Road width b road = 6.00m
Total cross section height H = 1.55m
Structural height h = 1.25m
Slenderness ratio | = 21.3
Bridge deck A = 319.20 m2
Clearance h = 470 m
Material and Prestress System

Concrete C 40/50

Reinforcing Steel BSt 500 SB

Prestressing Steel St 1570/1770

Prestressing System SUSPA - strands

Building Categorie

Design longitudinal direction Categorie C

Design transverse direction Categorie D

Boundary conditions

Exposition class XC4, XD1 and XF2

Design velocity Ve =100 km/h

Load Model

Tandem axis for global design Load Model 1 ag=0.8andaq=1.0
Single axis for local design Load Model 2 bgo=0.8

Fatigue load model Load Model 3

Table 1: Bridge Parameter

Example Two Span Bridge



3.2 Create New Project

First open the SSD and create a new project.

Picture 21: System information new project
After that you see the task tree as shown on the left hand side. Please change Materials as
listed in Table 1. Delete all tasks except for System Information, Materials and Cross sec-

tions. You may use the right mouse button ,,X Delete".
After that insert a new group name it “Assistant” and insert the task “Beam and Slab Bridge”

under the new group.

Example Two Span Bridge 22



3.3 Define Materials

All relevant materials are defined outside the task “Beam and Slab Bridge”. Therefore the
definition has to be done in the task “Materials”. To change the materials use the right mouse

button “Edit” and use the Material Dialog for all changes.

Picture 22: Dialog Material

Example Two Span Bridge 23



3.4 Input Task “Beam and Slab Bridge”

The complete definition except the materials will be done in the task “ Beam and Slab Bridge”
Pleas open the task with a double click and generate all input step by step working through

all tabs from left to right.

3.4.1 Define Bridge Type

In this small example we deal with a "bridge on supports and piers”

3.4.2 Define Cross Section

Use the “solid section” to define the T Beam cross section shown below.

Picture 23: Cross section example [1]

Now insert all variables, total width = 6.00 m, bottom width = 2.20 m, slab thickness = 0.20 m
angle a; = 6°and angle a, = 0° for the entire cross section in the tab cros s section. The total
height will be defined in the tab “System”. Please note that the program does the calculation
for the effective width automatically . The distance from concrete surface to the center line
of the different reinforcement layers are calculated to 7.1 cm, due to a nominal cover of
45 mm according to DIN-FB 102, a presumed stirrup diameter of 16 mm and a diameter of

20 mm for the longitudinal reinforcement. (45 + 16 +20/2 = 71 mm).

Example Two Span Bridge 24



To select or change the materials use the combo-box at the bottom of the dialog. In case the
required materials are not there or have to be modified please proceed as written in chap-

ter 3.3 . Additional input to minimum reinforcement and bar diameter see picture below.

>

Picture 24: Input Cross section T Beam

In case you stop the input with the CANCEL button all input will be lost. During

o the input procedure we recommend to deactivate the option “Calculate immedi-
ately”. Now if you close the dialog with OK all input will be saved without directly
starting the calculation.

3.4.3 System

After defining the cross section we move to the next tab, to define the bridge system. Inside
this tab only a few inputs are necessary. We define the two spans with 26.6 m each. We do

have an excess length of 0.70 m on both ends and a tapered length of 0.0 m. As you see,

Example Two Span Bridge 25



the dialog changes dynamically depending on your input. All other input will be shown in the
picture below.

The pier values are not relevant in our example. Simply use the default settings.

Picture 25: Longitudinal sketch of bridge [1]

Picture 26: Input System
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o You may define multiple spans with the same span length for example using the
input 20,4*30,20 for a 6 span bridge.

& As a default setting we use floating supports on elastomeric springs. A change is
possible only in the input data file.

3.4.4 Prestress

In the next input step we deal with Prestress and tendon geometry. This will be done in the
tab Prestress. In our example symmetrical parabolic tendon geometry will be used. Over the
middle support the tendons have a circular arc shape with a radius of 5.5 m. The edge dis-
tance in the anchorage area equals to 0.487 m. In midspan (0.4*L) the bottom edge distance
equals to 0.152 m. We will use a SUSPA® post tensioned system with 140 mm? tendons.
Every tendon contains 9 strands Type 6-12 with Ppomax = 2142 kN with 1680 mm? tendon

area.

Picture 27: tendon geometry [1]

All other input is shown in the following picture. Important is the selection of the stressing se-
guence. In this example we use a stressing sequence from left and from right. Without any
further input the program will use the maximum allowed values according to DIN-FB 102 in-
cluding an overstress factor of = 1.5. As a result of calculation you will get a plot which con-

tains the tendon geometry and the tendon forces.

Example Two Span Bridge 27



Picture 28: Input Prestress

3.4.5 Construction Stages

In this example no specific construction stages are possible. The bridge will be erected in

one peace on a global framework.
The values for creep, shrinkage and relaxation are self explaining. We will use the default

settings.
Also we don'’t use the option for a precamber calculation.

Example Two Span Bridge 28



Picture 29: Input construction stages

3.4.6 Basic Loads

Now we start to define loads on our system. Basic loads are: additional dead loads, settle-
ment and temperature loads. The additional dead load equals to 2.18 kN/m? including an al-
lowance for tolerance for the road surface of 0.50 kN/m2. The dead load for the end plate
equals to 7.23 kN/m for each side [1].

Probable settlement is 100 mm and possible settlement is 20 mm. We also use a stiffness
factor of 0.6 according to ARS 11/2003 (7) for constraints caused by settlement and tem-
perature, because these loads create internal forces and moments and we don’t use a more
specific analysis with cracked conditions.

Temperature loads are defined according to DIN-FB 101. The positive temperature differ-
ence (pos. dT/h) equals to 13.2 K including a factor K, for 7 cm pavement.

All other values are listed in the picture below.

Example Two Span Bridge 29



Picture 30: Input basic loads

3.4.7 Traffic Load

After finishing the basic load, we go on with the traffic loads. It is very important to define ec-
centric lanes on our bridge. For that we use geometric variables left and right to the bridge
center line.
- YL rest width+ YR rest width = width  in between the rest load must be applied. En
general the width between the railings.
- YL lane + YR lane = total width of roadway ; area where to apply the overload UDL,
respectively the tandem system load TS
- b-lane = width of lane , en general 3.00 m in Germany
Please insert/maodify all values for the area loads UDL, lane 1 area load and p-rest load, as
well as the tandem system load. You may use the option for calculating brake and drive
away loads, as well as centrifugal loads. The program automatically calculates the maximum

number of lanes and the unfavourable load distribution.
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Picture 31: Input traffic loads

& All loads are beam loads with corresponding eccentricities. We recommend to
check all loads using our program WINRAF.

3.4.8 Wind Load

In this example we don’t apply any wind loads

3.4.9 Design

After the input is complete, you can start with the design process. We recommend to work
stepwise through the different design tasks. For the general information see chapter 2.2.9 .
After the concept design is finished you should have the values of all input variable to pass
all design checks.

Then you can start the final design and run the complete analysis.
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If you use the option “calculate immediately” the analysis starts automatically
when you close the dialog with the OK button.

Picture 32: Input design
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3.5 First Analysis and Optimisation of Tendons

To start the calculation without the option “Calculate immediately” use the button 2 out of
the top menu inside the SSD window. In a first step we want to use the option

After the calculation is finished you will see your system on your SSD screen as shown blow.

Picture 33: SSD main window ANIMATOR view of bridge

Please open the results using the URSULA button out of the top menu and select out of the
GEOS block “VERTICAL — Height factor: 4.0 Geometry-No: 1”. You will see the plot of the

tendon geometry.
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Picture 34: URSULA view tendon geometry

If system an tendon geometry are correct you can go to the next step and start the calcula-
tion with the design task “first decompression check to adjust tendons”. Now the program
creates all loads and starts a complex analysis including creep shrinkage and relaxation.
Again please use the URSULA result browse to check the results. The decompression

checks are at the end of the URSULA document.

Picture 35: Result of decompression check

Using these result plots it and some repetitions of the analysis it is a comfortable way to op-

timise the tendons.
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3.6 Complete Analysis and Design

In the end you start the design using the option “run complete analysis”. All necessary design
checks according to DIN-FB 102 will be done and saved in an URSULA output file. Now

check the complete analysis using all plots. Some plots will be shown below.

Picture 36: longitudinal reinforcement, total, laye r 1 bottom, layer 2 top

Picture 37: range of steel stress due to fatigue ch  eck

Example Two Span Bridge 35



3.7 Validation of Results

A complete validation of all results according to the literature [1] will explode this tutorial.

Therefore we focus on the envelopes of bending moment My according to the tandem sys-

tem load (TS) and the uniform load (UDL).

For that create a new task “Interactive Graphic” and select the relevant bending moments.

The results are shown in the pictures below.

Picture 38: insert task "Interactive Graphic"

Results out of [1]

Max. My midspan [kNm]

Min. My support [KNm]

TS

2505

-1226

UDL

2152

-2830

Example Two Span Bridge

36



Envelope UDL (L_U)

5.00 10.00 15.00 20.00

-5.00

Sector of system Group 0...3
Beam Elements , Bending moment My, Loadcase 901 MAX-PX NODE BEAM-MY SPRI-P L_U, 1 cm 3D = 2000. kNm (Min=-1.2413e-08) (Max=2349.)
Beam Elements , Bending moment My, Loadcase 902 MIN-PX NODE BEAM-MY SPRI-P L_U, 1 cm 3D = 2000. kNm (Min=-2971.) (Max=-1.9112e-08)

Y

N7

Picture 39: Results envelope My from UDL

M1:112
X*0.502
Y *0.906
Z* 0962

Envelope TS (L_T)

5.00 10.00 15.00 20.00
| | | |

-5.00

0.00
|

Sector of system Group 0...3
fxy Beam Elements , Bending moment My, Loadcase 921 MAX-PX NODE BEAM-MY SPRI-P L_T, 1 cm 3D = 2000. kNm (Min=-1.7584e-08) (Max=2499.)
z Beam Elements , Bending moment My, Loadcase 922 MIN-PX NODE BEAM-MY SPRI-P L_T, 1 cm 3D = 1000. kNm (Min=-1189.) (Max=-2.9104e-11)

Picture 40: Results envelops MY from tandem system

Example Two Span Bridge

M1:112

X *0.502
Y *0.906
Z* 0962
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4  Additional Information

Very effective is to check the results out of the first AQB analysis ,Prifausdruck der einzel-
nen Einwirkungen® = “Control plot single actions”. For that please open URSULA and navi-

gate to the named node.

Picture 41: URSULA results

& The table containing the results of all single actions is very important
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Picture 42: Table of results for all actions

4.1 Open Input Data File

You can look at the automatic generated input data files using our text editor TEDDY. The
relevant three files are:

- project-name.dat : main file for the analysis

- project-name_000_csm.dat : CSM file for creep, shrinkage and relaxation

- project-name_000_desi.dat : CSM file for the complete design process

Picture 43: Open text files
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