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1. BASIC

The core of the SOFISTIK program is a very efficient data base (CDBASE). The Group of
programs is able to solve different problems from structural analysis to interchange data
through the data base.

SOFiSTiK consists of a large number of modules which communicate with each other either
trough standard text files or through graphical interfaces. CADINP is a powerful command
language. It allows full operation of the possibilities of certain modules in the analysis.
Experienced programmers use flexible CADINP macros to simplify the data input, especially
when entering complex systems.

SOFIPLUS is a graphic preprocessor which is used to create the structure. With its help,
AutoCAD drawings and DXF files are converted into structural elements. The program is
based on AutoCAD. The contours of the structure is drawn with the AutoCAD commands. A
great number of functions easily permit to convert the basic AutoCAD entities in structural
elements and loads. As a preprocessor, SOFiPLUS creates the input file, which is later used
by the adequate SOFiSTiK modules for structural analysis. Therefore SOFiPLUS is the right
product for any user, who wants to use the functionality of the SOFiSTiK analysis programs in
conjunction with AutoCAD.

WinAQUA SOFiPLUS TEDdy MONET
Materlal, Sections Design and Anclysis Editor + Help Grafic Input
Generctors
Input Files in Text Format (*.DAT)
CDBASE - data base PS Starting Programs
l l Protocol Flles
CWPRT)
Animator DBVIEW WinGRAF
Visualtsation Lists #om dota boss Dravings
[ ] weunes List Fes
PLD CULST,ERG)
)
URSULA Plotter
MNGKX Printer
Grafikflles

Pic. 1 SOFiSTIiK Organization chart

1.1 WORKING DIRECTORY

For practical purposes it is recommended to save any data from a project in one working
directory. It is eligible to create a directory with the same name as the project name. The user
should create such a folder before drawing the first drawing. This directory will then contain
the necessary drawings and data for the analysis of the structure.

SOFiPLUS_Tutorial_IGH.docf
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1.2 DRAWING NAME

The drawing name should contain the necessary information to identify the drawing without
having to view it. The project number, position or index may be used as recognized attributes
from the drawing file name.

Example: 8901A105a.dwg
project number
A name of structure to be analyzed
a index “a”
.dwg file extension (AutoCAD file)
1.3 LAYERS

Objects created with SOFiSTiK have properties: layer, color and line type. Layers are
construction plans on which objects are systematically grouped with different drawing
information. Some layers are created during the work with SOFiPLUS. For example the
program SOFiPLUS puts any nodes on the layer X __ KNOT_database name.

User can control visibility and access for object modifications placed on a layer. It is advisable
when drawing the structure, to pay attention in grouping the construction elements on
different layers. This is a particular practice for complex structures when structural elements
from different types overlap. Systematical grouping allows easier object selection or their
conversion into structural elements.

1.4 AUTOMATIC SAVING

Creation and analysis may take some time. It is advisable to pre-select the time interval for
automatic data save. If for any reason the operating system or AutoCAD crashes, only the
changes in drawings and database after the last saving interval are lost. The AutoCAD
command Preferences allows you to adjust the time interval for automatic data save. The
automatic save is made to the file name defined in AutoCAD — Preferences. If continuing
working with the automatically saved file is desired, thes file must be renamed.

1.5 BASIC ANALYSIS STEPS

Create working directory

Start AutoCAD

Open existing drawing (“Open” command) or start the work with new drawing (“New”
command) and select “Metric” for units.

Define structural system. Make a connection between structural system and database.
Use AutoCAD commands to draw geometry of the structure.

Define materials used in the structure. Materials are automatically saved into database.
Create cross sections for the structural elements. Cross sections are automatically saved into
database.

Use SOFIPLUS commands “Generate elements” or “Modify elements” to convert graphical
entities in structural elements.
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Define the element and node loads.

Export the structure and loads into the database. (“Export” command)

Start the analysis.

Display the results on the screen or print them in numerical or graphical form.

1.6 STRUCTURAL SYSTEM

The structural system may be created for a small part or for the whole mathematical model of
the structure. For example, our usual practice is to examine three dimensional frame systems
as separate two dimensional frames. In such approximation, every plane frame represents a
specific structural system, which is molded and analyzed independently. On the other hand,
SOFiSTIK - with its efficient tools for modeling and analyzing - allows more realistic structure
representation, treating it as three dimensional frame structure.

Structural system... allows inputting database and connecting it to the structural model.
During analysis, the database remains open. Several data (materials and cross sections) are
entered directly into the database, while the rest data must be explicitly exported into the
database.

Coordinate system and standards for the analysis are defined only once and cannot be
modified later. At the system selection, some predefined (default) materials are automatically
entered into the database. Those materials can be modified with simple commands in the
next analysis steps.

Important: If you make changes in the structural model with commands which are not in the
SOFiIPLUS pull down menu or with usual AutoCAD commands, re-exportation of the database
must be performed in order to introduce the changes into the analysis.

After the command Structural system... a dialogue box pops up which connects project to the
database.
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SOFiPLUS: Data Base Description and Choice " il
Project: ITrass1
Database: IFlesetka ﬂ | Mew. . I Bename... |

Orientation of Self \Weight: IF'.:S, - gz vl — chuchural model
Design Code: OIN = |1U45 'l " Space

bl auimurn number of Imgug % Framewsll
elements per group:

" Girder/Slab
Pairtsize [m]: 0.05

Analysis type:
Highest node Mo.: 12

IF'Iane stress state j
v Groups on separate layers

] Plane shress state
—Data base coordinate system———————————————|P|ane shain state

Awial spmmety state
@ SOFSTK  © WCS € CurentUCS - |

— Dirawing units

m Coem € mm Output units... |

Sethings |

K I Cancel | Help | Delets |

Project: Header line. All results have the same name as project name in the header
line.
Database: Database name. Maximum 24 characters. Extension name .CDB is assigned

automatically. Default name is drawing file name.
Orientation of Self Weight:
Orientation of the self weight.
Design Code: Choose a standard for the analysis.
Ephemeral embedded standards in SOFiSTiK are:

ACI American

BS British

DIN German
EC Euro codes
OENorm Austrian
SIA Swiss

Maximum elements of numbers per group:

For easier parameter control for dimensioning, elements must be divided in groups.
By this input, the maximum element number is determined which may belong to a group. This
value has no influence on the maximal area elements number. Elements from a structural
area belong to one group.

Point size: This control determines the size of the displayed nodes and points in the
structure. The text in the structural areas and holes as well as scaling the line types depends

1—10 SOFiPLUS_Tutorial_IGH.docf
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on the entered value in Point size. Practically, this control determines the legibility of the
drawing on the screen.

Highest node No.:
Shows the biggest number created by the program.
Groups on separate layers:
If you select this option, every group of elements is placed into separate layers.
Structural model:
Choose a structural model. Three options are available:
Space;
Frame/Wall;
Girder/Slab.
Analysis type:

For plane problems four subsystems are defined:
frame system (No system), Plane stress state, Plane strain state) and Axial symmetry state.

Data base coordinate system:
Choose one from the three suggested coordinate systems:
SOFiSTIK, World and UCS. SOFiSTiK coordinate system differs from AutoCAD World
coordinate system in the direction of Z-axis. In World coordinate system Z-axis is directed
towards users eye (right hand rule) while SOFiSTiK Z-axis has inverse direction.
Drawing units:

Select drawing units.

Output units:

Determine output units which will be used at dimensioning.
Dimensions x|

— Madel

" Standard model

+ Shuctural Engineering Lancel |

" Stuctural Steehwork:

" Bridge Engineering

System
" Geotechnics f* g
" Hydrology s
" Mechanical Enginesring  ops

" User defined
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Settings: New dialogue window opens to set basic SOFiPLUS parameters.
SOFiPLUS: Settings x|
General Seftings  #ettings for Wisualization |
Elements | Colar I Size | Distahce | Diztance Hatch | Size amaow
' StrukturPunkte red 0100 0.000
W Stukturkante red 010 0.oon
7 StruktuFlache red 0.000
¢ Einzellast red 0.500 0.300
¢ Linienlast red 0500 0.300 0.300
¢ Flacherlast red 0500 0.300 0.300
Auflager default 3D 0.250
full fizing red
Constraint of displacement red
Constraint of ratation 1 direction red
Congstraint of ratation 2 directions red
7 Feder red 0.250
¢ K.opplungen red 0.250
W Stabgelenke red 0.250
¢ Section red
a | 0
rezet bo default values zet a5 default values |
ak. I Cancel | Help |

Example 1: Triangular truss with following geometry:

3
o
/WM/@ 2 < i
P %’ o
N
<o <
Q
b/h=14/18
2,2
825 = 20

Material: Wood
Truss distance: 2.5 m
Loads:

1. Double layers of waterproof paper over wood planks 400 N/m?
2. Snow on horizontal surface 750 N/m?
3. Wind perpendicular to inclined surface 240 N/m?

First, create working directory RESETKA to input the database, drawing and all additional
files produced in the analysis. Draw truss geometry in AutoCAD. If you draw dimensions for
the truss and additional texts it is advisable to place them in separate layers. To increase the
visibility turn off all unnecessary layers from the view area. Define the database and connect it
with the structural system.
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ICON : SOFiPLUS
& MENU: SOFiPLUS - Structural system...

Command: SOF_GSYSMOD

Fill / select working parameters according to enclosed picture:

Project Resetka
Database 1521R101
Orientation of Self Weight: Pos. Y axis
Design Code EC
Max. num. of elem. per group 1000
Point size 0.05
Structural model Frame/Wall
Group on separate layer v
Data base coordinate system SOFISTIK
Drawing units m
SOFiPLUS: Data Base Description and Choice x|
Project: IDrvena rezetka
Datsbaze: ITruss 'I IHew... | Benarne... |

Orientation of Self Weight: IPos_ eamis *l
Design Code; EC = |2 ‘I
b awirnum rurnber of |1 ooo

elements per group:

Pointzize [m]: 0.05

Highest node Mo.:

¥ Groups on separate lavers

— Shuctural madel
" Space

& Frame/wal
" Girder/5lab

Analyzis type:

—Data baze coardinate spstem

& SOFSTK  © WCS ¢ CurentUCS

— Dirawing units

“m € em  mm

Output units. .. |

Settings

ak. I Cancel

Help [elete |
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1.7 MATERIAL

MENU: SOFiPLUS - Defined model - Material

% ‘ ICON : Material
Command: SOF_GSYMATE

Dialogue box displays on the screen with several default materials.

SOFISTIK : Material x|

Mo Mame

SE e
25500 (EC2) u

35 23R (EC 3]

JMZ DI 1053-1]] LCancel |

MNew ... Modify .. Delete | Import ... |

Drelete Al | Expont . |

Delete or Modify unnecessary materials shown in the list. In this example default materials
are: concrete (C20), standard reinforcement (S 235), prestressed reinforcement (S 500) and
masonry (MZ41). Delete any materials (first select the material to delete and click on Delete
button). Because Wood is not in the list, it should be imported in the list by clicking on the
New button. New dialogue box pops up on the screen.

SOFiSTIK : Material x|
Number |1 Title: |C 27 [ECE)
— M aterial Definitionz :
Froperties ... |
Dezign Code: IEurn:n::n:nde j
Strength ... |
Type: [EC 5] Standard Timber C =]
EC 9] Aluminim - Bedding ... |
Clazsification:
[EC 5] Laminated Timber GL T |
Birick. M2 =
Brick LS & pecial
Brick LC | | [PEEEL |
Brick C —
Brick CC ¥
LIF. | Tancel |

Select (EC 5) from the Type list for Standard Timber C. The described procedure is common
to select standard materials, defined in implemented standards in SOFiSTiK. Review and
modification of specific selected materials can be accomplished with the buttons shown on
the right of the dialogue box. With this buttons nonstandard materials can be added i.e.
materials which are used in standards not implemented in SOFiSTIK.
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The modification procedure of the material is almost the same as the procedure for adding
new material. First you should select the material and then click on the Modify button. The
same dialogue box appears where you should select proper material and classification.

1.8 CROSS SECTION

Before creating the structural model it is desirable to define any cross sections which are
used in the model. As far as changes in the following analysis steps are necessary, you can
define cross sections afterwards.

ICON : Cross Section
T MENU: SOFIPLUS - Defined model - Cross Section
— Command: SOF_GQUER

By activating this command, dialogue box Cross Section appears.

SOFiSTiK : Cross Sections x|
Mr MName
1]
LCancel |
Matenal ... |
MNew .. Hadif.. | Delete I Irnpart ... |
Iodify Extended... | Delete all I Export ... |

In the beginning the list is empty. You can add new cross section with the New button.
SOFiSTiK allows simple creation of standard sections implied in national codes of many
countries.

=
Me. |

Cancel

I

Crozz-zection-values
Plate

Rectangle

T-Beam zection

Cirzle / annular section
Tube

Cable section

Rolled stesl

You can select one from the eight offered standard sections.
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Cross-section-value. Direct input of section geometric properties
Plate-Reinforced concrete slabs

Rectangle-Rectangular cross sections

T-Beam section

Circle / annual section

Cable section

Rolled steel

In this example any element has a rectangular section. Select Rectangle from the list and
dialogue box pops up to enter cross section values.

SOFiSTIK : Rectangle Cross Section No: 1[
Material | 1C 27 (EC5) |
Height [m] |U2—|7 enforced Cancel |
wridth [m] Jn14 I ‘erforced

I aterial

IFactol for Tarsional moment j |1
|Shear area [hoiz ) [m2] x| [0939999
| Shear Area [ vert ] [m2] =] [passgas

Poszition of arigin: IEenter of gravity 'l

Reinforcement

I aterial I

: E

Type of enforcement I

Diztance [cm] Area[cm2]  Diameter [mm]

Tap |2 Jo |2
Battom |2 Jo |2
Siesilaiita [B/H/BO/HO 0/20/14/0 om
Material: If a project consists of several materials, select the material for the examined
cross section.
Height [m]: Enter section height in meters.
Width [m] : Enter section width in meters.

Following combo boxes allow entering torsion moment of inertia, effective shear width in
vertical and horizontal direction i.e. proper reduction factors which are applied for appropriate
geometric properties. In this example, axial stressed structure is examined, so these values
have no influence in the analysis.

Position of origin: Combo box which determines section coordinate system which is
used to place the section in the structure.

Reinforcement: Visual tools used to input necessary parameters for the reinforcement. In this
example, they are not active because the structure is made from timber.

Section title:  Name of the section. SOFiSTIK declares default name for the section. In the
name height and width is contained. User can change section name and rename it to a title
which is easily recognized in the following analysis steps.

Following the procedure described for section 1, enter values for the rest cross sections.

Section H B
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1 0.20 0.14
2 0.18 0.14
3 0.10 0.14
4 0.10 4.8=2"24

1.9 CREATE FINITE ELEMENTS

SOFiSTiK is a very flexible program. Often, several approaches are offered to model the
structure. You should select the right one depending on the situation and adjust it according
to your work style. At this point you have access to a large number of AutoCAD functions,
which allow full control over visibility, positioning, selection, copying and modification of
objects in the structure.

In this example, in the truss only one element type is used - truss finite element. Two methods
for creation of truss elements are presented.
First method is activated by:

ICON : Truss element
MENU: SOFiPLUS - Create finite element - Truss element
Command: SOF_GFACH

Successive input of element start point (NA) and end point (NB) starts. It is possible to pick a
point directly from the screen (use AutoCAD tools for precise positioning)

N A NE

or enter coordinates directly from the command line:

Node NA (end+cen+nod+int+ext): 0,0, 0.0

Node NE (end+cen+nod+int+ext): 2.5, 0.0

Input schedule has influence. Local element axis starts in point NA and is directed to NB.
Beside end point coordinates number of the cross section should be entered i.e. prestressing
force, as far as it exists.

Section number<1> or [Prestress force]: 2

If section is not already defined in the command line following message appears:

+++ WARNING: Cross section not defined!

Cross section may be defined later.

Command: SOF_GFACH

Node NA (end+cen+nod+int+ext): Pick point NA
Node NE (end+cen+nod+int+ext): Pick point NB
Section number<1> or [Prestress force]: 2

+++ WARNING: Cross section not defined!
First Truss beam No.<1>: 1
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Node NA (end+cen+nod+int+ext): Pick point NA
Node NE (end+cen+nod+int+ext): Pick point NB
Section number<2> or [Prestress force]: Return

+++ WARNING: Cross section not defined!

Node NA (end+cen+nod+int+ext): Pick point NA
Node NE (end+cen+nod+int+ext): Pick point NB
Section number<1> or [Prestress force]: Return

.............................. Enter all truss elements

As presented before, this method for creating truss finite elements does not allows to group
elements. Entering element groups is done by modifying commands.

A more efficient method for creating structural elements is achieved using the command
Generate. It allows simultaneous input of several elements with same properties. Also, with
this command element groups are entered directly.

SOFiPLUS - Generate — With objects

Select Truss option in the dialogue box:

SOFiSTiK: Element Generatij x|

reguested element type

 QUAD Area elements
{~ BEAM Beam elements

f* TRUS Truss beam elements

{~ ROPE Cable elements

Mirirum edge length [m]: 0.000

Group Ma.: D

¥ Break entities on intersections

ok I Cancel | Help |

Minimum edge length [m]:
is filled with slab structures in order to specify minimum slab edge length
Group No.:

Enter group number which identifies the element. This value is multiplied with maximum
element group number previously defined with general structure parameters (the command
Structural System...) and the result is the start number of elements in the group. For example,
if with the command Structural system... maximum element number is defined as 1000 and in
the edit box Group No. value 2 is entered, then start number of the group has value 2000
(2-1000). In this example, our structure is simple and there are no element grouping, so

group number is as default 0.

Break entities on intersection:

Define the method for treating the element intersection points. If this option is turned on then
new point is inserted on the element section and elements are divide in two separate

1—18 SOFiPLUS_Tutorial_IGH.docf



QFSTT
AKTIENGESELLSCHAFT

elements. When this option is not active, elements are divergent. New point is not inserted
and original elements remain unchanged.

\/ Break entities on intersection

ak entities on intersection

Perform selection on all objects (lines) which should be converted in truss elements.

Select objects:

P4

P3
P2
Ps P6
P7

In relation to the option Break entities on intersection, a search for intersection lines is carried
out and new points and elements are defined.

Searching intersections ....

Treating partial-lines ...
Making Elements ...

After this, enter the number of cross section for the input element group.
Section number<2> or [Prestress force]: 3

In dependence on number of already created elements and number of element group which
are formed, SOFiSTiK offers first number of selected elements.

First Truss beam No.<9>:

You may accept the offered number or may enter a number which is not previously used.

1.10 SUPPORTS

When you create structural elements, at the end of the elements i.e. their intersection points
are automatically defined as node points. These nodes are free by default and displacements
are able to occur on any system degrees of freedom. Actually, supports are bonds which
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restrain certain displacements. They are entered in the structure with the command Modify
Nodes, which restrains displacements in determined directions.

- ICON : Modify node
f"i MENU: SOFiPLUS - Modify finite element - Node
Command: SOF_GNOTMOD
Select node points which have to be constrained in defined degrees of freedom.

Command:
Select option <Select objects>[Select objects/Enter number/Pick nodes]: p

Three ways to select supporting nodes are possible: by selecting the object (in this example
node point), by entering the node point and by picking the node point. In this case the third
way is chosen by picking the node point.

Nodes (end+cen+nod+int+ext): Pick point P1
Nodes (end+cen+nod+int+ext): Pick point P1

Pick the end points on the truss (P1 and P2).

After choosing the appropriate points to represent supports, a dialogue box pops up on the
screen where you should click to enter the proper displacements.

SOFiSTiK: Modify Nodes x|

i Remove < | Mark < |
2 selected LCopy Properties < |

Mark nodes with selected restraints < |

—Restrainte————  —Edit gingle node

[v badify v B | Madity

[ bodify v By Hode Ma:
I~ | bomdify I E2 Itermal Mr.: 4

I~ Modify = k% Coordinates #:
I Moty [ Y ¥
[ Modify I~ Mz z ,W‘

0K | Cancel | Help |

This dialogue box shows the number of selected node points (2 selected). By clicking on the
button Add you return in the position to select new points to represent supports. Similarly with
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the button Remove again you return in the position to select points, but the preferred points
are deleted from the selected group.

In the current example, check the Px and Py boxes. This is to sign reactions in X and Y
direction to selected node points, so you create fixed supports.

If you select only one node, Edit single node boxes are active. With them you are able to
change node number as well as its position.

1.11 Info / Edit

INFO/EDIT is powerful tool to use with the purpose of viewing the main properties of
structural elements with the opportunity to change them. For example, displacement in given
direction can be constrained by using the INFO/EDIT command.

5 ICON : Info/Edit
g MENU: SOFIPLUS - Info/Edit...
Command: SOF_G???7?7?

Select the structural element you want to review or make a change in the properties. In this
example, end left node of the truss is selected (node which has to act as fixed support). On
the screen dialogue box is called up, where information for the selected element are shown. If
the selected element belongs to few structural elements, only information for one element is
shown.

SOFiPLUS: Information about Drawing Elements x|

Object from type Truss beam belongs to data base TRUSS.

Element number:
Start node:

End node:
Querschnittsnummer :
Prestress [kH]:

22

1 224 1345
18 226 6345
1

6.8600

-218.2297 8._86080
-218.8547 a._8888

< Brevious Hext Modify...

With the button New you are able to show information about the next element which has
mutual point with the selected. By moving forward (Next) or backward (Previous) the element
which you are about to change is displayed. In the current example it is node point.
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SOFiPLUS: Information about Drawing Elements x|

Object from type Hode belongs to data base Truss.

Hummer : 1 224 1345 -218.2297 6.00080
Internal Ho.: 1
Support conditions: 127 frei

< Previous | Hest I Modify... |

Click on the button Modify to begin with entering the changes in the element whose properties
are presented on the screen.

SOFIPLUS: Modify Nodes |
— Object:
Bemave ¢ Mark < I
1 selected LCopy Properties < I

Mark nodes with zelected restraints < |

—Restrainte———  ~Edit single node

[ Madify [ Ex [ Madify

I Madiy I EY Maode Ma.:
I~ | Iodifty [T EZ Intemal Mr.: 1

[ iodity [ | i Coordinates 3
= Modfy (b ¥
™ Modify [~ Wz z ’W‘

QK. | Cancel I Help I

Mark the PX and PY check boxes to indicate that a point can accept reaction forces in X and
Y direction. By clicking on the Ok button you continue with the selection of the next element

which has to be changed. The following element may be truss element for which we want to

display the data or to make a modification.

SOFiPLUS: Information about Drawing Elements. x|

Object from type Truss beam belongs to data base TRUSS.

Element number: 12

Start node: 13 234.1345 -212.7297 8.068088
End node: 5 234 .1345 -218.2297 8.86088
Querschnittsnummer : 3

Prestress [KN]: 008000

P Modity..
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In this case everything is clear. Only one element connected with the selected object exists,
so in the dialogue box buttons Next and Previous are disabled. Dialogue box called up by
clicking on the Modify button allows entering the modifications of the selected truss element.

SOFPLUS: Modify Truss Beams x|
Object:

Bemove < | Mark < |

1 selected LCopy Properties < |

[~ Madify LCross section... | B/H/BOHOA 4104 cm
[T Modiy Group Mo.: ICI
[~ Modify Prestresstorce [kNL I:I

Edit zingle element

I Modity Element Ho.:

Mode 1: Mode 2
0k | Cancel | Help |

The button Cross section starts the dialogue box which contains the list of defined cross
sections.

SOFIPLUS : Cross Sections x|
Nr Narne
1 B/H/ABOMHO20/147 cm oK
2 B/H/ABOHIAE 4 cm
3 B/H/BOHDA 4104 cm
4 B/H/BOHOA 1=A1610/ cm Cancel |
rdaterial ... |
Mew ... | Modify .. | LDelete | Import ... |
tadify Egtended...l Delete Al | Ezpart .. |

By choosing one of the sections presented in the list, modification in the element cross
section is executed.

Beside element modification, change in the group for the element can be done or appropriate
prestressed force can be applied on the element.

With the objects in the dialogue box, placed in Edit single element frame, you can make a
change in the element ordinal number (Element No.) or in the numbers of its member nodes
(Node 1, Node 2).

1.12 SUPPORT VISUALIZATION
(DISPLAY RESTRAINTS)

To display the supports in the structure their visualization in necessary to perform. Select the
function Display restraints from the visualization menu.

. ICON : Display restraints
= MENU: SOFiPLUS - Visualize — Restraint
Command: SOF_GFEST
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On the question:

Einstellungen? [Ja/<Nein>]: J

answer with J if you have to make change in the element size and color.

SOFPLUS: Restrainks x|
Size of symbol [m] 0.500
LColour... | |:| 4 cyan
Cancel | Help |

Choose new color and enter the symbol size to represent structure supports.

—T ST

In case supports in the following steps entirely cover the drawing, to obtain better preview on
the situation, you can hide them from the screen view port.
The command:

SOFIPLUS - Visualize - Delete visualization
starts the following dialogue box:

SOFIPLUS: Delete visualizati x|

Type of visualization
Suppart conditions

i Delete |

oK I Cancel |

Check the Support condition check box and select the Switch off option to make the supports
invisible. This action has influence only on supports visibility, so they are present in the
structure and constrain the applied deformations. The same effects can be achieved using
layers.
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. Layer Properties Manager ﬂil
— Mamed layer filter
! Mew Delete
IShDW alllagers jJ I~ lewvert filter. . . = I - |
[~ Apply to Object Properties toolbar, LCurrent | Show details |
[Cument Layer: 0
Marne | Oh | Freeze... | L. | Color | Linetyupe | Lineweight | Plat Style | Pliat |
0 9] Ei = @ whie Continuous —— Default  Color_7 &
D efPoints g 4] = @ whie Continuous —— Default  Color_7 &
k.ot b 4] ' g Red Continuous —— Default  Color_1 &
SOF_BOUND 9] Ei = g Red Continuous —— Default  Color_1 &
T__KONS g 4] ' [ Green AUSGEZOGEN —— Default  Color_3 &
Tekstovi b 4] ' mEBe Continuous —— Default  Color 5 &
. ERRO_TRUSS v g = @ Magenta Continuous —— Default  Colar B @
. FACH_TRUSS 7 ] = O velow Continuous —— Default Color_2 @
.__I3AR_TRUSS g 41 ' @ 'whie AUSGEZOGEN —— Default Color 7 &
.__ISEG_TRUSS g {41 = @ 'whie AUSGEZOGEN —— Default  Color_7 &
.__ISHO_TRUSS 9] {41 = @ 'whie AUSGEZOGEN —— Default  Color_7 &
.__ISPT_TRUSS g 4] ' @ 'whie AUSGEZOGEN —— Default  Color 7 &
. KMOT_Truss 7 4] =' mBle Continuous —— Default  Color_ 5 @
O00FACH_TRUSS 9] i & [O¥elow  Conlinuous —— Default  Color_2 &
O0FACH_TRUSS " i ' [Jvelow  Conltinuous —— Default  Color_2 &
FEST_TRUSS g i i) Al “OGEN D efault =
16 Total layers 16 Lavers displayed
ak. | Cancel I Help |

Supports are drawn in the layer XV__ FEST_TRUSS (project name). By turning this layer off,
supports are not displayed on the drawing.

1.13 LOADS

Before loading the structure, it is necessary to define all load cases.

.p?| ICON : Loadcase Manager
- MENU: SOFiPLUS - Loadcase Manager

Command: SOF_GLFMOD

At the beginning the load case list is empty. With the button New, new load case is entered in
the list. The list profile i.e. number of combinations depends on the implemented standards
used for dimensioning the structure. First few attributes are common. Combinations and load
factors are different for DIN and EC.
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1 SOFIPLUS: Loadcase-Manager x|

|Eurrent Loadcase: 1 [Stalen tovar] LCurrent I Mew |

\l ... | Deescription | Kind of Load | Tppe of Load | Load...l S | Com... | Com... | Com... | favo.. | wnfa.. | Com...

71 Stalen tovar General Loa.. G Dead Load 1000 71000 7000 7.000 7000 1000 1.350 1.000
7 2 Sheg Additional L. G1Deadloa. 1.000 0000 0700 0700 0600 0000 1.500 1.000
@3 Weter Additional L W afind 1000 0000 0700 0700 0600 0000 1.500 1.000

¥ Increment lnadcases automatically

|59Ifweight:Pos. f-awis |5tandard EC_2 H Ok | LCancel Help
N Number of load case
Description Few words to describe the load case

Kind of Load It can be general, additional and special. Every national standard performs
load classification and determines the group which load belongs.

Type ofload  Larger load classification is presented to define load combinations.

L Impogzed Load -

G Dead Load
51 Dead Load 2
G2 Dead Load 2
F Prestress

C Creep+Shrink,
[ Yariable Load
L Imposed Load
W Wind

b b oLinting

5 Expect. zettl
T Temperature
& Impact

B Conztruction

If self weight of structural elements is needed for particular load case then you should enter
the proper factor SW (Self Weight). For instance, SW factor 1.00 means that the self weight of
the elements is fully taken in determination of the loads for that load case.

For this example, three load cases are defined. They are shown in the Loadcase Manager
dialogue box.

Before entering the loads for certain load case, it should be appointed as current. For
example, to input loads in the SNEG load case, select it from the list and click on the Current
button.

Loads are entered in the following steps which belong to SNEG load case.

For this example, first enter loads in the Stalni tovariload case to represent dead loads. Make
Stalni tovariload case current. Load from the roof acts as uniformly distributed load along the
length of the upper chord. Load direction is positive Y-axis direction. To enter this load use
the following options:
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ICON : Truss element load
MENU: SOFiPLUS - Create loads - Truss element loads
Command: SOF_GXLAS

Command: SOF_GXLAS
Trusses to be loaded
Select objects: select elements from the upper chord

P4 PS5
P3 Ny
P2 R/
Select objects: Return to finish selection

Load type and direction [PX/PY/PXP/PYP/ES/TS/VS]: py
Load value in kN/m: 1

Trusses to be loaded

Select objects: Return to finish load input

PY Load acts along the whole element length in global Y-axis direction.

In the bottom at the center of the truss, a load with weight 2 kN is hanged up. This load acts
directly in truss node. Entering loads from this type is done by:

* ICON : Node Load
MENU: SOFiPLUS - Create loads - Node Loads
Command: SOF_GKLAS

Command: SOF_GKLAS
Nodes to be loaded
<Select object>[ Select object /Enter number/Pick nodes]: P

Select the node by clicking directly on the node where force acts.

Nodes (end+mit+pkt+lot+ext): click on the point P1
Nodes (end+mit+pkt+lot+ext): RETURN

| e —

P1

Load type [Load/Moment/Displacement/Rotation]: L
L load type, concentrated force

Direction of effect [PX/PY/Zeigen]: PY
PY load direction, positive Y-axis direction

Load PY in kN: 2 force value
Nodes to be loaded
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<Select object>[Select object/Enter number/Pick nodes]: RETURN

Input loads are displayed on the screen.

e

ey

Before entering the loads for the next load case it is recommended to disburden the drawing
with the loads from the previous load cases. SOFiPLUS creates separate layers for every

load case.

XV__K??7? _database name, and

XV__X7?7??_database name

K label for node loads
X label for distributed loads
?7?? number of load case

database name name of the analysis database

For the current load case create the following layers:

XV__K001_TRUSS, and
XV__X001_TRUSS

Make these load cases invisible with the AutoCAD function Layer Property Manager, by

switching off the appropriate layer.

Lf Layer Properties Manager ﬂﬂ
—Mamed layer filter
. New Delete
IShow llayers jJ I~ Irevest filter. . . = I - |
[~ Apply to Object Properties toolbar. LCurrent | Show details |
|Eurrent Laper: Select
Mame | On | Freeze... | L. | Color | Linetype | Lineweight | Flot Style | F'Ic;l
K.ati b 5] = [ FRed Contiruous —— Default  Color_1 &
Select 7 5] = @ whits Contiruous —— Default  Color_7 &
SOF_BOLND W i = g FRed Continuous —— Default  Color_1 &
T__KONS 7 5] = [ Green AUSGEZOGEN —— Default  Color_3 &
Tekstavi b 5] = i Blue Contiruous —— Default  Color 5 &
. ERRO_TRUSS 7 ] = @ Magerta Continuous —— Default  Color & é
. FACH_TRUSS 7 ] = O velow Continuous —— Default  Color_2 é
. ISAR_TRUSS 7 o = gwhie  AUSGEZOGEN —— Defaul  Color 7 &
. ISEG_TRUSS 7 4] = @ white AUSGEZOGEN —— Default  Color_7 &
.__ISHO_TRUSS 7 4] = @ white AUSGEZOGEN —— Default  Color_7 &
. ISPT_TRUSS 7 4] = @ white AUSGEZOGEN —— Default  Color_7 &
. KMOT_Truss T ] = g Blue Continuous —— Default  Color &5 é
O00FACH_TRUSS 7 5] = [ vellow Continuous —— Default  Color_2 &
00FACH_TRUSS 7 5] ' [Yellow  Conlinuous —— Default  Color_2 &
"_FEST_TRUSS Vi i = “wihite: —— Default  Color_7 &
" KO01_TRUSS g i =T -3 —— Default o
' ®OM_TRUSS T ] = @ white Default  Color 7 é
__®002_TRUSS b 4] = @ white AUSGEZOGEN Default  Color_7 &
"__®003_TRUSS b 4] = @ white AUSGEZOGEN Default  Color_7 é"j
« | i
|21 Total layers 21 Layers displayed
QK Cancel | Help |
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SOFIPLUS has its own command which allows turning off certain load cases from the view
area.

SOFIPLUS - Visualize - Delete visualization

Select &Loads and Switch Off

SOFIPLUS: Delete visualizati x|
Tupe of visualization
[ Support conditions
tloads
| | ©

to turn off all load cases from the view area.

In the next step in Loadcase Manager put load case Sneg as current. With this action entering
loads for the load case begins. Snow is proposed as uniformly distributed load which acts on
single unit on horizontal area. For this truss snow acts on upper chord along the horizontal
element projection.

ICON : Truss element load
MENU: SOFiPLUS - Create loads - Truss element loads
Command: SOF_GXLAS

Command: SOF_GXLAS
Trusses to be loaded
Select objects: select elements from upper chord

P4 PS
P3 e
P2 R/
Select objects: Return to finish the selection

Load type and direction [PX/PY/PXP/PYP/ES/TS/VS]: PYP
PYP The load acts along the element projection in global Y-axis

Load value in kN/m: 1.875
Trusses to be loaded
Select objects: Return to finish the selection
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At the end in Loadcase Manager make load case Wind as current and start entering loads for
this load case. Wind is set as uniformly distributed with intensity of 0.6 kN/m? (240 N-2.5 m)
acting perpendicularly on the upper chord of the truss. The projection of this load is
determined in direction of X-axis (0.582 kN/mz) and Y-axis (0.145 kN/m2) and this load is
applied on upper truss elements.

ICON : Truss element load
MENU: SOFiPLUS - Create loads - Truss element loads
Command: SOF_GXLAS

Command: SOF_GXLAS
Trusses to be loaded
Select objects: select elements from upper chord

P4 PS
P3 P&

P2 P7
M !\\Ps\

Load type and direction [PX/PY/PXP/PYP/ES/TS/VS]: PY
Load value in kN/m: 0.582

Trusses to be loaded

Select objects: select elements from the left part (P1-P4)
Load type and direction [PX/PY/PXP/PYP/ES/TS/VS]: PX
Load value in kN/m: 0.145

Trusses to be loaded

Select objects: select elements from the right part (P5-P8)
Load type and direction [PX/PY/PXP/PYP/ES/TS/VS]: PX
Load value in kN/m: -0.145

Trusses to be loaded
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1.14 LOAD MODIFICATION

Sometimes it is necessary to make changes in the applied loads. Changes can be done in the
size and direction of the loads, but also load can be moved or copied in other load case.

1.15 MODIFICATION OF NODE LOADS

- ICON : Modify Node Load
C MENU: SOFiPLUS - Modify loads - Node
Command: SOF_GKLASMOD

Determine a way to select the nodes in which load is modified.

<select object>[Select object/Enter number/Pick nodes}

Select object select more nodes using AutoCAD methods for selection Box and
Window crosses.

Enter number enter node number

Pick nodes click on the node

A dialogue box opens where values for selected loads are shown. You can add new nodes to
change the load, modify the load value or move the load in other load case.

SOFIPLUS: Mofify Node Loads |
— Object:

Bemove < | Mark < |

1 zelected LCopy Properties < |

~ Load value
[~ Madify 2000 Amount: 0.000

Fi< [kM]: ] MmO
P [kM]: i [kl |:|
FZ [kN: [ ] Mzkmp ]

{* Loads/Moments = Dizpl./Rotation

 Loadcase Load

Actual: 1 Brenes. | [~ Copy

Mew: 1
Select... | Delete |

oK | Cancel | Help |
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Add/Remove adding/removing new nodes to modify the load

Load values load values (Loads/Moments) or displacements (Displ/Rotation) are
modified

Loadcase select the load case to move the load

Actual displays the load which contains the force

1.16 MODIFICATION OF ELEMENT LOADS

F ICON : Modify Truss Element Load
MENU: SOFiPLUS - Modify loads - Truss
Command: SOF_GXLASMOD

The procedure is exactly the same as at node loads modification. The difference is only in the
dialogue box which at this moment contains necessary blocks for modification of distributed

loads.

X

SOFiPLUS: Modify Truss Loads

Bemove ¢ | Mark < |

1 selected LCopy Properties ¢ |

r~Load valu
I~ Modify

o 0 - —
Py G N Y
[ [ Jw[ ]
~Loadea Load:

Actual: 3 e | [~ Copy

Hew: 3
Select |

Delete |

(0]4 | Cancel | Help |

1.177 DATABASE EXPORT

Whenever elements to be modified are selected, or when warnings and errors are expected
during data control, appropriate elements are marked.

- ICON : VIZUALIZE - Toggle Display Mode ...
* MENU: SOFiPLUS - Markers — S-Toggle Mode
Command: SOF_GERROR

Labeling can be permanent or temporary.

1—32 SOFiPLUS_Tutorial_IGH.docf



QFSTT
AKTIENGESELLSCHAFT

Command: SOF_gerror

++ HINT: Element marking permanently installed
Command: SOF_gerror

++ HINT: Element marking temporarily installed

Temporary making is deleted at next zoom or Redraw. Permanent deletion can only be done
with the command Erase Layer or Erase Error Marking.

% ICON : VIZUALIZE - Export
MENU: SOFiPLUS - Markers — Erase Error Marking
Command: SOF_GDELERROR

Before exporting the database you should make permanent marking of elements. (Element
marking permanently installed). This way is much easier for the purpose of discovering
elements which contain warnings and errors.

When you create the whole structure and when all load cases are entered, data should be
saved in analysis database.

ICON : SOFiPLUS - Export
é[l MENU: SOFiPLUS - Analysis Data Base (CDB) - Export(..
Command: SOF_GENFOUT

The command Export transfers all data placed on the drawing into analysis database.

SOFISTiK: Export i X
— Type of output———————————— [~ Fange of export
& Database .COB [v Export system

¥ Export load data

" ASCI-Files 575 and LF [p— | Al

¥ Brint and optimize

i~ Check run [no output)

— Output for program

i+ STARZ/3 " SEPF [Flatte] " SEPF [Schejbe] " ASE
¥ Mark nodes with distance <= 0.0000 m from each other
¥ Correct without prompt [¥ Conrect without screen marking

¥ Pagenumbers Startnumber:
Mame in drawing: TRUSS Data bases avail: ITHUSS 'l

Output-file: E:ATRUSS.COE

Select output file... |

Cancel Help

There is possibility to create output (ASCII) file or to perform structure control without creation
of output file.

Data base .CDB — database is generated which contains all information about the system
and the loads. Load cases are saved in text file (databasename.LF). Control is fulfilled in
order to notice possible errors. By performing this command, few files are created:

» Databasename.CDB — database created by the program;

¢ Databasename.DWF — drawing with structural system and loads;
» Databasename.DAT — file used at calculation start;

« Databasename.ERG — program generates resultant file GENEF;
e Databasename.LF — input file which contains load factors;
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» Databasename.MSH — input file for the program SOFIMESH.
The load factors file (Databasename.LF) can be used directly in the static calculations.

ASCII files. SYS and LF. Output system information and applied loads are saved in text file
(ASCII). This command creates following output files:

« Databasename.CDB - database created by the program;

» Databasename.DWF — drawing with structural system and loads;
» Databasename.DAT - file used at calculation start;

« Databasename.LF — input file which contains load factors;

Databasename.SYS - input file for the program GENEF.

Check run (no output). Data are checked for possible errors. Few mechanisms for data
control are implemented. For example, nodes deleted by mistake and connected with the
elements, are recovered or two nodes which are contained in one point are connected and
etc.

Range of export. Controls which data will be exported. System, individual or all load cases.
The Print and optimize button controls the output file .LST and performs optimization of the

width in the system stiffness matrix band. Because this process consumes plenty of system
time, this option has sense to execute it at the end of the calculation.

Output for program. Defines for which program module data are exported. Pre-selected is
the module that depends on the structural system (STAR2/3-Frame, SEPP-Slab/Plate, ASE-
Space).

Mark node with distance <=... from each other. All nodes on a distance smaller than
specified are marked.

Correct without prompt. Defines if correction of errors will be automatic or for the
modification program should ask for a verification.

Correct without screen marking. Controls if check is accomplished with marking the correct
elements.

Page numbers. Allows entering number for the first page. Numbers of the resultant file are
increasing starting from the entered number. If numeration of pages is not necessary, disable
this option.

Data bases available. Amount data base list connected to the drawing. Selection of the
database is executed by double clicking on the name from the list.

Output-file. Enter the output file name.

Select output file... Standard Windows dialogue box is called up to select the output file.
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1.18 ANALYSIS
Analysis is performed with the program WTEDY.
ICON : Edit (Win Ted)
% MENU: SOFiPLUS - Analysis ...
Command: SOF_G

At start of this module a dialogue box is called where you should enter input data base name
(databasename.DAT), which is created while exporting the data.

Input file for WTED 2 x|
Look n: | =9 PODMIZEN [E) [ e e fo.) ||
0d BIRO (1 50FiSTK Update T TRUSS.DAT
Pragram Files (C150Fizac FRTRUSS_MAX.DAT
Projects [:I Windqua
Sig 21 winDiFf
SOFICAD Update [Z1za_prakanje

SOFIPLUS APDATE Ga Zorada

4 |
File namme: LSS, Open I
Files of bype: | = dat j Cancel |

Locae | FindFie. |

In this example it is TRUSS.DAT file. After the file selection, you are able to enter working
environment of the WTED program. The program disposes of large number of functions which
control the calculation and make selection and way of displaying the results. By its activation,
input file is loaded in the editor. You can modify this file additionally in order to turn on
operations which are not implied by default options or change some parameters in default
options.
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‘%' SOFISTIK Teddy - [E:\TRUSS.DAT] i [=] 3
File Edit Wiew Block Extras SOFiSTiE WWindow Help _Iﬁllﬂ
DEAEHg | 2B oS- | Ad R BB SR
| [E:ATRUSS.DAT =] Line 36 of 42 Col 8 | h: = = wn | f
g 3 TRUSS.DAT g | j

- Lo 1
B aq‘:a EEAM M STYP TRUS =

+ qga
ﬂ shar? Lc =
IE qraf BEAM N ETY¥P TRUS g
— = LC 3
¥ e BEAM N STYP TRUS =
i+ END
+ .
#finclude 5 (name) _max.dat

T tprog agb ur=:5
nat Sghould be checked and completed
= ECHO full no
i) echo STRE ves
L STRE
Pel] END
= End of file ————— |
&
il
-
G
o
Y
[
%THUSS.D.&T <| | j
Press F1, to receive help. ACE Eng 4

From the input file it is obvious that calculation activates several program modules: AQUA,
ATAR2, GRAF, MAXIMA, AQB and END. The list of default program modules depends on the
chosen structural model. It can be extended, but some modules not in use can be removed.
For this example, you can remove MAXIMA, that determines the enveloping of maximal and
minimal values as a result from load combinations. You should have some experience with
these modules in order to make corrections in them. In the current example, you will make
change in the second module GRAF. By default this module shows results only from the first
load case (LC 1). Beside that, by default this module shows transversal forces, axial forces
and moment on beam elements (BEAM VZ, BEAM MY, BEAM N). Because this example
deals with truss structure, they are omitted, so their place takes:

LC 1
BEAM N STYP TRUS $
LC2
BEAM N STYP TRUS $
LC3
BEAM N STYP TRUS $

In the graphic output file results for axial forces from three load cases are shown.
Program AQB by default calculates stresses in the system.
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In the list of modules:

=4 TRUSS5.DAT
o[ # aqua
araf
star2
araf
‘ agh
L[+ ] end

sign “+” denotes that module is included in the calculation. By clicking on it, module sign
converts to “-“ which indicates that the module is not taken in the calculation. Thus, user is

able to control programs which participate in the calculation. Three icons start the calculation
process:

Starts the module WinPS that allows control over the calculation process
5 ¥ SOFISTIK WinPs - [E:\TRUSS.DAT] B =10l %|
Fle Edit Vew SOFSTK Window Help =181 x|
Jﬁﬂ|ﬂi R R TR s A '?‘
i3 TRUSS.DAT
i+ CD-base =)
%] 2 p o [ g
I A —
= i odu er.. [_Evor [ War. [ Time
wi| : ia:ima
ot | Executs
i end x
T Stop
+T
i Protocel
I~ [Continue after erors) [~ Append results
¥ Support Result Viewer URSULA [~ Mo echa prirt
Ready P

Starts directly the calculation. All modules with “+” sign are taken into the
computation.

k| b

Only module where cursor is positioned is executed.
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2. WORKING WITH THE ANIMATOR

Animator is usually used for visual control of the structure and output results. It can be started
from AutoCAD using the SOFIPLUS Tools.

BEBRNY
or from WinTeddy working environment.

E

P

Animator starts a graphical window where structure is shown.

% truss.cdb - Animator (=1
File Edit Reduce Yiew Color Settings Spezial Help

BEarw S| sEres@Ew|xy zF] Q8%

Ready Structure 4

By simply dragging the picture (click on left mouse button, hold down the button and move
around within the window) you can shift the view point of the structure.
The following tools:

I x vy zlg

enable different structure views.

horizontal projection
vertical projection in Y-Z plane

vertical projection in X-Z plane

Bl =

perspective view

In case certain parts of the structure have to be displayed in larger scale, following tool may
be used:

| & zoom to point,

N
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with whom part of the structure which has to be displayed in larger scale is pointed.

% truss.cdb - Animator =]}
Eile Edit Reduce ¥iew Color Settings Spezial Help

@~k w Glo/ETr/zEE = x vy zT|¢aq %

Ready Structure A

Effect from this action are shown bellow.

% truss.cdb - Animator =10l x|
Eile Edit Reduce Wiew Color Settings Spezial Help

|2~k uw & sErnagBRwxvyzT | ¢+aa8%

_.../

Ready Structure 4

Next two tools are classical AutoCAD tools,

a&q zoom window and zoom extend.
Their usage is well known to every AutoCAD user and therefore they will not be explained.

Next tool

% | Element info

allows obtaining information about geometry i.e. forces in certain element.
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% truss.cdb - Animator ISIET
Eile Edit Reduce Miew Color Settings Spezial Help

B~rwS|eETersgBEw]|xyzH #8Q%

Please click an element or support node

Ready Structure ¥

Dialogue box pops up on the screen asking to point the element i.e. support which detail
information are needed.

Displayed results depend on momentary selected option.
Tool,

"™ Choose loadcase

allows displaying the structure and deformed shape of the structure in separate load cases.

SOFISTiK-Animation

td agni- Speed Dizpl. O=zteady

tude ID LI _I ﬂ
ﬂ _I _'I Speed Rotation
Loadeasze LI_I d LC oo

System
LF 1 Stalen towar
LF 2Sneg
LF 3Veter

If you select a load case, for example LF 1 Stalen tovar, with the slider Speed Displ.
O=steady, you are able to regulate animation speed i.e. displacement of the structure at load
case Stalen tovar. With slider Magnitude deformation magnitude can be changed while with
slider Speed Rotate animation is proceeded by rotation of the structure.

=lal:
Fis Bt Feduce Vew Colr Seftings Special Help
Snihud |aPveoEEa [ xvzO +QER
|SOFISTiK-Animat Edl
T o
A M pedRasin
I T |

IF slider Speed Dipl. O=steady, is placed in initiai?%éition oricon Wi
is clicked, then deformed shape of the structure is shown including legend where
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stress changes of the structural elements are presented in different colors with their maximal
values.

=19lx|
Efe Edt Redco Yew Coor Seftngs Spesal Help
Fahlad@ | aPFeoB%Sw | xvzF 0%
Bncaimbeant- 25 Wz 50F 5 TiK-Animatio £
=:=::.‘.‘;4':.n.n91 ol sf‘“““":"* |
= o e
= O T
na
-:!i:EmI:;('U.ﬂ‘))
Foaddy Loadcase 1
The tool
L+ Next loadcase
displays animation for the next load case.
[ inss.cc - animator ~lofx]

Efe Edt Redico Yew Color Seftngs Spasal Help
Fothwd 4 PTesESw (XY ZT QAW

S

While running the animation detail information for certain structural elements can be acquired.
For this purpose it is necessary to activate the tool

% | Element info

On the screen and in the additional window selected element information are shown.
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LLLLLLLELEER

tacasigmafics 1131} mm
Distance bo wystem conters 3480 m
Fraarks

The next group of tools

[&ElTvaE® =

have influence on the way to display the structure. Some of them work with toggle mode. With

erons sectin | medes: 17

[pe—

one click they are turned on and with the next they are turned off.

[a&] View support

~ symbols

E View separation
—  lines

F View cross sections

View coordinate-

g

Supports are shown in larger or smaller scale size

Finite element mesh is shown

Structural lines are shown by one line or in true size
Local coordinate systems are for structural elements are

~ systems displayed
2=  Colored result Elements are shown in different colors depending stresses
Off/On inside them
'  Colored result , , .
1/2/3=relative/. .. Way to display stresses at nonlinear analysis
GE Group + box . . .
157 selection Displaying different groups
Shoot one group o . .
[except=deselect] Switching off certain element groups from the view port
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3. WORKING WITH WinGRAF

WinGraf is a module for graphical presentation of the structure and results. With help of
WinGraf module, a drawing book is created. Three drawing categories are available:
structural system, loads and results. You can start the program from the SOFIPLUS menu in
AutoCAD or from WinTedy module.

E’! ICON: WinGraf

| MENU: SOFiPLUS - Graphical output - Graphical output... Command:

The operating environment of the program is shown in the following picture.

L7 SOFiSTiK WinGraf - <New File>

File Edit View Select Extras Options Help

I =Tl e e e e T el A = | o ]| 0 | e

| Resuttypes X% | Laper X

(5  Sustem vales e s am emen + mem = Page 1

~[B Stucturs =0 Picture 1),
(L1 Defiritions L[ Stuch| —
0 e T Dotsbase Y =]
O Do E [Database SR =
31 Rsls — c:\docunents and [El
[ Werscheb. St e
x| ®

. — H | bl

ja

st heigne T =

— &

|

aus
(&l

@z ||| W[ |zl = ] 2leels] el sele

[Feading initizlisation from file GINGRAF DEF -]

Connand:

T1legal command or number/coordinate input!

ICommand

Illegal command or number/coordinate input!
4] | ]|conmand: ZI 1] |
Ready [Page 1| Pictre 1|Layer 1:Stuctire [ [alobal | [ 236,181 [v 202,667 [z 0.000
Hstart| | @ = LHMERE DS || Hauocan .. |[WESOFISTIK... MBution.doc. | BIWinGRAF. .. | BlDocumert... | SEEE 1104

The central part of the screen is occupied by the graphical display where by assumption,
drawn structure is shown. With this action, the first page from the drawing book is entered
automatically. Program has a large number of functions for controlling the manner of showing
graphical elements from the drawing.

First, you should determine drawing format. The routine is similar to standard Windows
applications.

File - Page Setup

A dialogue box is called up on the screen that allows selection of the format, borders and
drawing orientation. The same effect can be attained by double clicking with the mouse on the
tab you want to modify, in the right part of the screen in the operating environment Layer. (in
the example Page 1).
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Page Setup x|

General | Annotation |

—Paper-Size———————— [~ Orientation

Paper-width |1 984  cm
Paper-Height |28. o0 cm

F'aper-Eor' Laserprinter &4 - I  Drawing-Outfit————

% Standard
[ E
~ Print-border ZTK-88
Right/Left 050  cm. | [ Border outfit
Up/Down 050 = Orly inzide border ;I
- Presiew

QK I Cancel | Help |

In the Annotation tab you can adjust text properties and select the language you will use for
displaying the results as well as the basic color during the drawing.

Page Setup X|

General &hhaotation |

Annotation-Height 1.0 cm [downgide drawing)

Owrn-dinnatation 0o cm [rightzide drawing)

Annotation Text-Height 0.25 cm. W Adapt to format
Upside Text-Hight 0.25 cm.
Factor of Text-width 0.20 [0.1-1)

Colar... | AE5E-sting I

— Dutput langquage
 Geman i+

" France

— Preview

k. I Cancel I Help |

Regarding the current example, paper format is A4 an orientation is Portrait. The rest
parameters are as default.

Commonly one drawing is placed on one page. For this example, three structure drawings are
placed on the first page. The first is with nodes, the second with element numbers and the
third is with labels for cross sections of the elements. You can change the size and layout of
the drawings on several ways. By double clicking on the drawing, you mark the drawing and
eight red squares appear in the pages with drawings in corners and center. The size of the
drawing can be modified as at standard Windows applications. Move the mouse on a square
to change the drawing size and drag it to the direction you want to change the drawing size.
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£ elolwisis) [ sielelelel@inpd| sl o] sl @iFEg) wonel ojsf

I..- AR 130, = MILELEM L g st
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(ETTEE = [

nisigsieeee = Tkl

L=
LICICR CI T g M B S |

T comnand o munbmr-coordinate TRpt | |

canand oT nusber<cooTdinate input!

CYT | st W o YR
Poady Page 1|Poure 1]Lawer 1) STuchoe | Gibal | ﬁ?ﬂ.ﬂ“ﬁ'mim
Bstart|| ACOSAMELS I W) | KaucCaD Huwlsm... ®eutten doc..| BIWnGRAF... | #lDcoument...| IBaAs 1w

Since you attain the desired drawing shape, click on the button Entry to adjust the drawing
according

=lalx]|
ol [ slerlole] 6/ | ol QipIo] sl | BiH) wonsl o)
s st 30108 ML L s g | Lars G
| o
£ e
- | = \hcurmerts s
rocoe ] 1 ™
—r— n H o w
1t heiai b :
. ~
e o zl
=]
[l
&
&)
@7
il
1
Y
W
4
*
]
i
[=
ﬁ:i coanand or susberscosrdinate isputl 3 3
11lmgal cessand or sunber esordinats imput! )
=i ]
[ ] Eonaand | j al =l
Faady e e LiPcue Lilwe 1iSvwere | Giobal | b 237408 v 163,162 2 0.000

Another way to change the dra\;Qing size is to use the standard drawing forms. Click with the
right mouse button in the graphic area. Short menu appears on the screen

Picture-Position interactive
Picture Position
Sheet Setup...

lWext picked pichure

¥ Draw Systemialues...
Draw Loads...
Draw Results...

Select Loadcase, .
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wherefrom you should select the option Sheet Setup... The same effect is acquired by double
clicking the picture that you want to change, shown in the Layer operating area (in this
example Picture 1). The Drawing Setup dialogue box enables setting up several drawings on
one page, defining page head line (Head Line tab) and positioning the accompanying texts
(Annotation tab). Concearning this example, three drawings are positioned along the height
of the page (Number of Pictures, Height 3).

Drawing Setup x|

General | Head IineI Annotationl

— Skale factar
 Userdefined 141 [127.0

I
" Bounded

IV Scan all layers
™ Scan structure elements only

Partition

Mumbers of pictures, Height

—

|4 ]+

MNumbers of pictures, Width
' Partition only for this draw.

" Partition for all drawings

structure placement

— Previes

QK I Cancel | Help |

The button structure placement, defines the orientation of the structure in the drawing. In this
example, it is set as default i.e. in the middle of the drawing.

structure placement x|

& Stuchure placement on sheet

" Fixing of a node on sheet

Zuzatzliche horizontale Verschiebung () 0.000

Zuzatzliche wertikale Verschisbung [cm) 0.000

. Coup O
left o o " right
. © down €

(i) I Cancel | Help |

The button Set enables defining of the views,
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Preview Setup x|
~ Preview-Maode Draw &

= Switch OFF % Shucture

(o ; £ Contaur

" On demand . Colar... |
r Calar... |

— Ratate incrementally
€ Syitch OFF
€ Ficture traniskarmation Irerement I?.5

€ Global transformation

— Coordinate system

= SwichBN widhinz [ | Cobr |
ak. I Cancel | Help |

and displayed colors.

x|
Select
Foreground Default |
Background
| D (. |
N N [ — — —
Ok I Cancel | Help |

In the current example, they are set as default. You can enter elements in the drawing on two
ways. The first is in the left part of the screen, so you should check the Numbers of nodes

square box in the Result Types operating environment.
| =) 8 | @@U
| Resuttypes  x

=43 System valugs
Shiucturs

=23 Definitians

Humbers of node

i Internz
-] Definitions
(1 Loads

(] Results
[_] Werschob Stu

The second way is by clicking on the icon:

IE Draw System Variables

and selecting system variable to be drawn in the dialogue box, in this example System
variables - Definitions -~ Numbers of nodes.
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Draw system-definitions x|
Select | Text I
Element Sustemdefinition

MNumbers of nodes
H-coordinate
‘r-coordinate
Z-coordinate
Geodetic: Height
Internal node numbers

Representation

Text

16

Extreme Wall ...

& Al numbers

" Special numbers

" Mumbers from |1 to

|1 B Increment IW

Wectordesign... |

Areadesian.. |

Linedesian... |

| | Stiucturedesign... |

[za-lines... Eill-dsrea...

QK I Cancel | Help |

Text tab allows adjustment of parameters in the

Draw system-definitions x|
Select Text |
Defaul | Gwichon | swichofF |
Text-Height m
Text-width 070 [Factor 0.1-1)
[recimal precizsion 0 I | program make it
Textcolor... DOffset... | Covering... | Iinimal value. .
Text-Direction
' program make it
" Cross to program
= Angle ta horizontaline 0.0 Grad [0...180)
I~ arious Text-Color foreground I | Figures withaut sign
™| Yarious Color backaround [~ Draw background edge
Size of background
horizontal ID.330 vertical ID.33D [Text-Factor]
Tninimum IEI.EIEIEI magimum IT 000 Ccim.
Ok I Cancel | Help |

text used for displaying the numbers.

As a result of the previous operations, node numbers in the structure are displayed.

FIKGRAF IY11.t3-B91 29, 04,2007

SOTET,N BE +  Llsense Nou §140:009

)

0

B

H T
=

Since you enter numbers in the drawing, you can use the slide bar Text height to quickly

change letter size.

Text height X|
T Al
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The button Aa calls up the Draw system-definitions dialogue box for detail layout of the text
properties.

In the next steps, new picture will be placed in the page. The drawing will contain the
structure with the numbers of structural elements.

ICON: New Picture
MENU: Edit - New Picture

By assumption, WinGraf inserts new picture with the same content as the last created picture.
To modify its content, you should define the system variable in the drawing, using one of the
previous two explained methods, so in this example shows node numbers.

Through the Result types operating area

| 9 L ] | B
| Resultypes %

=13 System values
-0 Stucture
(1 Définitions
=43 Definitions
[ [Numbers of elements
(L] Numbe
Humbe
~{O Titel of
ContoL
Cross-
Length
Inteinz
-(] Loads
1 Results
- (] Verschob, Stu

or the icon

|F Draw System Variables and Draw system-definitions

select Definitions of elements — Numbers of elements.
Draw system-definitions ' X|

Select |ngt |

Element

Mumbers of groups
Mumbers of Cross-sections
Titel of Cross-sections
Contour of Cross-section

Lengt
Internal Numbers of elements

Representation

IText -

Extreme Yal:1 ... 29

Al numbers

" Special numbers

= Mumbers fram |1 to |29 Increment |1
Wectordesign... | Lreadesigr... |
St[ucturedasign...l
Linedesiar.. | lsorllines... | Eill:rea... |
u]:8 I Cancel | Help |

You can create the third drawing similarly to the previous method, so it will display numbers of
structural elements cross sections.

Draw system-definitions - Definitions of elements - Numbers of cross sections

The final look of the first page is shown in the following picture:
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On the next page, you will place the structure and its loads. In the three pictures located on
the second page, the three defined load cases are displayed.
New page (sheet) is inserted by:

ICON: New Sheet
Q MENU: Edit - New Sheet

The new sheet starts with the same drawing schedule, as defined on the previous page, as
well as the same first drawing as the last created.
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LT lIIJlI 1 Mumbers of Cr | [Global i =061 v - 19007 T 0.000

Py Pagp
st || ACODAHESS IB e || Aneecso 20 [WSORSTE wi... Meusion doc - | MwrcRar dee | (4 RBEE 1358

The new page is inserted in the book contents, showed on the right part of the screen in the
Layer operating environment.
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Introduction of the loads in the drawings follows the same procedure as for system variables.
Select Loads in the Result types operating area

0] | b S9) H) | | EPJP =
| Result ypes x
=[] System values

0 Sstucture
100 Definitions
(1 Definitions

-3 Loads

O allloads
00 Al element

(2423 Trussing
3 Forces

Lo

[ [Load of hussing in global Y]

O Lo

(1 Resuks
-2 Verschob. Stu

or click on the icon

£| Draw loads

to start Draw loads dialogue box and to select Trussing — Forces — Load of trussing in global
Y

Sélect 1:Stalen tovar from the Loadcase combo box.

Draw loads x|
Select I Teut |
Element Loadgroup Loadtype

Al loads
Al elements

Loadcase Representation

I 1:5talen tavar - I I Line representation LI

Extreme Wal:1.400 ... 1.400 kN/m

€ User defined unit I‘I_DDDDDD kM/m=1 cm.

€ Masimurn in cm

Factors
& Default

Differences

Wectardesigh... I Areadesigh... |

Stucturedesign. . |
Linedesign... | |so-Lines... | Eillttrea... |
k. I Cancel | Help |

Representation combo box allows several ways of showing the results.
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Line reprezentation LI
Text
| T et with wvariable colors

=]yl

[Line rep. with variable colors
Filled line reprezentation
Crogz Filled line reprezentation

AKTIENGE

For the second load case, choose the load direction along the projection of the global Y-axis.

Draw loads 3
Select | Text |
Elerment Loadgraup Loadtype
Load of truzzing in global 3
Load of trussing in global v’
Load of trussing on projection in global |

[

Loadcase Feprezentation

I Line representation LI
Extreme Yal2.280 ... 2250 kN/m
' User defined wnit |2_DDDDDD kM/m=1 cm.
 Masimum in cm Factors
' Default Differences
Wectordesign... | Areadesiar... |

Shucturedesign... |
Linedezign... | lzo:Lines. . | Eillstirea... |

o]

Catcel |

Help |

The third load case is characterized with loads in direction of global X and Y axes. Each of
these load cases is placed on separate layer. Initially, load in global X-axis direction is shown.

Draw loads

Select |Teg[ I

Element

Al loads
Al elements

Loadgroup

Loadiype

szing in global
Load of tussing in global v

Loadcase Feprezentation

Load of truzgsing on projection in global ®

I Ieter hd l

Extreme Val0.582 ... 0.582 kN/m

ID.SDDDDD kM/m=1 cm.

I Line representation

" User defined unit

" Maximum in cm Factors
% Default Differences
Wectardesign... | Areadesign... I
Stucturedesign... |
Linedezign... | lzo-Lines... I Eilltrea... |

= ]

Cancel |

Help I

Results of the already entered loads are shown on the following picture.
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New layer is activated with:

ICON: New Layer
| MENU:

Edit - New Layer

The procedure is repeated as when entering the load in global X-axis.

Draw loads

Select | Tekt |

Element Loadgroup
All loads
£l elements

Loadtype

2

Loadcase Representation
I Fheter -

Ling representation - I

Extreme Yal-0145 0145 kN/m

" User defined unit ID_1DUDUD kM/m=1 cm.

™ Maximum in cm

Eactors
* Default

Differences

Shucturedesign
Eill-fsrea. |

oK I Cancel | Help |
New load is presented in the last drawing.

Wectordesign | Areadesian. |
|

Linedesign... | lsolines...
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Simultaneously the drawing 3 of the second page is demonstrated in the book content to have
two layers.

J Layer x
= Page 1

-0 Picture 1

E@ Picture 2
i Mumbers of elements
EI@ Picture 3

EIQ Page 2
&0 Ficture 1
@ Picture 2
El@ Picture 3

Load of truzzing in global X
Load of trussing in global v

Reactions in the supports will be shown on 6 drawings placed on one page. Each support will
be shown on separate layer. First, insert new sheet in the book.

ICON: New Sheet
Q MENU: Edit - New Sheet

Assuming, the new page maintains the format of the previous one, namely it has three
drawings disposed by the page height. In order to make a change we can use the icon:

il Sheet setup,

or to double click the text Picture 1, in Page 3, from the Layer operating area. In the Drawing
setup dialogue box,
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Drawing Setup = x|

General I Head |iFIEI Aﬂnulal\unl

[~ Skale factor Partition
© Userdefined 1/ 1: [1130 Mumbers of pictures, Height
" Marimum Mumbers of pictures, Width
" Roundsd % Parlition only for this draw.

" Parlition for all diawings
¥ Scan alllayers -

I Scan struchuie elements only

stiucture placement |

[~ Previes

Ok I Cancel | Help |

set the number of drawings along the width 2 (Numbers of pictures. Width). Reactions are
positioned in the third category of drawings Draw results.

ICON: Draw Results
e MENU: Select— Draw Results...

Select the following options in the dialogue box.

Draw results . X
Select | Text |
Element Resultgroup Resulttype
Modal displacements ‘ector of nodal support forces
Truzsing Fiotations f
Modal support forces Modal support force in global ¥
Modal support moments | Modal support force in global v
[« | o]« | 2l
Loadcase Fepresentation

I 1:5talen tovar hd IVector LI

Extreme 'al-46.835 ... 46.835 kN

= User defined wnit ISD_DUDDDD kM=1 cm.

 Maximum in cm Factors
& Default Differences
Wectordesign... | Areadesign.. |
. . . - Stucturedesign... |
Linedesign... | lzolines... | Eilliésrea... |
QK I Cancel | Help |
Element Nodes
Resultgroup Nodal support forces
Resultype Nodal support forces in global component
Loadcase 1:Stalen tovar

Representation Vector

The drawing gets new form with signed reactions in the supports.
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The idea is to show every support in one window. For that pupose you should change the
outlook if the drawing.
The icon

I::I

== Box
enables zooming of the part of the drawing which is to be shown in the next outlook. By
clicking the left mouse button, a rectangular frame is drawn which embraces the part of the
structure to be shown by the new outlook.

VIHGRRF IvI1.45-Bd1 71,.D04.8007

a
=
____________ =
1 T
1
! S
46.8 , 16,8 &
o 1
! 3
w = q&_
1 - g
———————————— = -
3
w —|
o
T
TENLOE TS OET0, D 35 0084 0, DF4 5. ESD, 0] '3
L | 1 1 1 1 1
i R L SR L L B
b

After releasing the mouse button, the drawing changes its content and demonstrates the
elements of the structure which were entirely placed in the selected frame.

VIHGRAF 1419 .45 a1 71.04.2007

-104 DO- %10 0O-F19 DO
N

The group of tools:

e | = o] £ | 2]
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is used for selective disposal of the structure elements.
0 All structural elements are shown
= Only elements in the selection frame are shown
Bl A dialogue box to enter precisely the coordinates of the selection frame
oR Only elements that belong to a group are shown
bid Elements from all groups are shown

Repeating the procedure previously described for the left support, drawings for the remaining
reactions of the supports for the three load cases are created. Initially new drawing is
inserted. Because the new drawing has the same content as the previous, with the help of the
icon:

ﬂ Structure limits

all drawing elements are displayed, and after that the command:

|ﬂ Box

is used to draw the frame to select the elements from the right support.

Thus, gradually adding drawings in the book one by one, all reactions in the supports are
represented for the three load cases.

i&’

908 b 510 00-110 b
@
3
o

1% SJ
10801303 10290061100 8 0010 0021y
L0028 .
- F! e
B 0 - s+ e our0s war sesan

241,00 42,00 283, 00 114,00 1500 246,00 2500 100 2 PHL0
! h ! h ! ! ! ! h !

R

> -708.00-103.00-10.00-21 1. I

At last, new sheets are added where deformations and forces of the structural elements are
shown.

Insert new sheet and format it so as to show two drawings on page height. Drawings
appertain to the Results group. Using the icon, from the menu

ICON: Draw Results
e MENU: Select— Draw Results...

a dialogue box is called up
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Draw results [ x|
Select ITE“ |
Element Resultgroup Resulttype
Wector of nodal displacements
Trussing Flotations Modal displacements in global compane
MNodal support forces MNodal dizplacement in global =
Modal support moments f
Geodetic Height of loadcase
« | D | B
Loadcase Representation

1:Stalen tovar ector with variable colars = I

Extreme ¥al:0.000 ... B.480 mm

" User defined unit |5 000000 mim= 1 cm,

€ Marimum in cm Eactors
& Defaul Differences
Wectordesign. | Lreadesigr... |
Stucturedesiagn...
Linedesian | Izorlines. | Fil-&rea |

(1] I Cancel | Help

where following options are selected:

Element Nodes

Resultgroup Nodal displacements
Resultype Nodal displacement in global Y
Loadcase 1:Stalen tovar

Representation Vector with variable colors

AKTIENGE

The same effect can be achieved thru Result type operating area by selecting the option

Nodal displacements in global Y.

E|I3||5%|H|@|IQ.J| B | ¥ )= % T
J Fesult lypes x

-1 System values
EI[:I Loads

£l loads
[ Al element
21 Truszing
E|E:I Forces

+ -[_] Rotatic
-] Modal
-] Modal

177 Trimmin,

Node displacements are represented on the drawing in the global Y-axis direction. Also a
legend is shown with different colors which represent displacement values.
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To display the forces, you should insert new drawing in the page and select:
x|

Select | Tent |

Element Resuligroup
Hodes

Trussing displacement

Loadesse Representation

1:Gtalen tovar hd Filled line representation

Extieme Yal 61282 . 12617 kN

" User defined unit 50.000000 kN=1ecm
€ Masimurn in em Factors
1 Default Differeices
Yectordesign, Sieadesian

| Shucturedesign

Unedesion.. | lsolies. | Fbdvea

ok | racel | Hep |

Element Trussing

Resultgroup Trussing normal forces
Resultype Filed line representation
Loadcase 1:Stalen tovar
Representation Vector with variable colors

The final configuration is shown in the following picture:
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The last two pages will be created simultaneously. Before activating the command for

creatm g
. .\f.N |I Ci

new sheet, click on the drawing

I)"\"‘l '\[ AN SET TINGS | ADMINIS TRATOR |\ DESK TOR TRLSS.GRA

with the displacements. Thereby a drawing is active.
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Click twice on the command New Sheet.

ICON:
MENU:

L]

Insert two new sheets in the drawing book, in which by assumption, the last active drawing is

New Sheet
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With the icon:

LEs
——— Select loadcase

choose a load case in where displacements are drawn,

Loadcase selection x|

Loadcase

[ Change LC-name:  |Sneg

Extrerne Wal:0.000 ... 11.373 mm

£ Usger defined unit |1D.DDDDDD mm=1 crm.

£ Mawimum ik cm Factars
& Default Differences
ak. I Cancel | Help |

regarding the current example it is Loadcase 2 Sneg.

If you have to select the next load case, use the icon:

lIJ:I-|
Select Next Ic

namely, for the last load case use the icon:

lfr
= Select Former Ic

A new drawing is inserted in the sheet. As content, the drawing has the deformations created
in the previous drawing.
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Now, activate the command:
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ICON: Draw Results
e MENU: Select— Draw Results...

and select a new type of results:

Element Trussing

Resultgroup Trussing normal forces
Resultype Filed line representation
Loadcase 2:Sneg

Representation Vector with variable colors

WinGRAF automatically changes the drawing content.

VINGRRF 141145091 23.04.2008 500510 A0 3 Lieense b 41400003
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Similarly drawings an page 6 are created, and represent the deformations and forces from the
Veter load case.
The drawing book contents can be listed using the following group of icons:

SIRIEAL

IH| Shows the first page
4 Shows the previous page
|t Shows the next page
M Shows the last page

Similar slide bars are used to list the pictures:

x|
AR E

and layers
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The following group of icons:

| =&

are used to delete a page, drawing or layer.

El Deletes a page

[ Deletes a drawing
@l Deletes a layer

Representation of the structure in different projection is performed with the following group
icons:

|5 Bx| @] = o | 5 | 27 | €8P

Displays a structure projection in XY plane

Displays a structure projection in XZ plane

514

Displays a structure projection in YZ plane

Displays axonometric projection of a structure

Commits mirror reflection around vertical axis

g
0

Commits mirror reflection around horizontal axis

Commits drawing rotation for 90°

Activates the Animator where structure outlook is allocated. This viewpoint is
transferred in WinGRAF

Turns off the perspective view of a structure

= &

The drawing book is saved on the disk using the classic Windows command Save as.... The
extension of these files is .GRA.
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4. Example 1 : Steel Hall

4.1 HALL DESRIPTION

The structure of the steel hall is designed from 8 steel frames placed on 10 meter mutual
distance. The frames are composed of 3 bays with bay width 12+16+12 meters. The end
columns are 6 meter high and the center of the frame is 8 meter high.

Z

4.2 AutoCAD PREPARATIONS

The whole structure is drawn as 3D model. The formwork plan of the structure is represented
in x-y plane. The frames are spreading in X direction (transverse direction) and the positive Z
direction is vertically upward. It is desirable to use layers for drawing the structure. In order to
eliminate eventual mistakes, all structural elements should be visible and easy to select. Text
lines, dimension lines and any other auxiliary lines can interrupt when selecting the elements.
Therefore it is usual such elements of the drawing to be placed on separate layers. Every
designer has its own work style, so there should not be strict rules in organizing the drawing.
One practical method when organizing the drawing is using three viewports.

Menu: AutoCAD -, View - Viewports - 3 Viewports
Command: _-vports
Enter an option [Save/Restore/Delete/Join/SIngle/?/2/3/4] <3>: _3

Enter a configuration option [Horizontal/Vertical/Above/Below/Left/Right]
<Right>: Left

Before start of the design process, it is required all layers without structural
elements to be closed. The drawing is saved by file name: CELICNA HALA
SOFIPLUS.DWG.
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4.3 STRUCTURAL SYSTEM

The steel hall will be treated as spatial structure. The analysis will be
performed according EuroCode (EC 2). Structural system is called up by:

ICON: SOFIPLUS
& MENU: SOFiPLUS - Structural system...
Command: SOF_GSYSMOD

In the dialogue box Data Base Description and Choice
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x|

Praject:
Database: CELICNAHALAS =] New. | Rename..
Origntation of Self Weight: | Pos. Z-aris 'I Structural model
Dessign Cods: EC =ll2 | | @ space
M airnurn number of 1000 " Framefwal
elements per group:

" Girder/Slab
Paintsize [m]: 0.05

Analysis ype:
Highest node Ha 0

Ho system =

¥ Groups on separate layers

= Data base coordinate

= SORSTIK WS £ Current UCS

~ Drawing uni

m Coem O omm Dutput units... |

Settings |

Ok I Cancel I Help I Delete |

enter the following parameters for the data base:

Project Celicna hala

Database CELICNA HALA SOFiPLUS

Orientation of Self Pos. Z axis

Weight: (Direction of the self weight is in Z direction)

Maximum number of 1000

element per group (In frame systems usually the number of elements divided in
groups are small)

Point size 0.05

Structural mode Space

Database coordinate SOFiSTIK

system (Positive orientation of Z axis is vice versa direction of the Z axis
defined by WCS in AutoCAD)

Drawing units m

Data base is automatically created under the name of the drawing: CELICNA HALA
SOFiPLUS.

4.4 MATERIAL

Structural elements of the hall are made from standard steel.

MENU: SOFiPLUS - Defined model — Material
Command: SOF_GSYMATE
4.4.1

% ‘ ICON: Material

The dialogue box on the screen shows predefined materials which are not taken under
consideration in this example.
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SOFISTIK : Material x|
No MName
1C20(EC 2)

25 SfEL 2
35236 (EC T

3[MZ4 | [DIN 1053-1]) &I

Hew ... Modify ... Delete | Import ... |

Delete All | Export .. |

With the button Delete All, all materials are deleted. By clicking New... button, new dialogue
box is opened where from the following options are selected:

Type (EC 2) Structural Steel

Classification 510
Because it is standard material it is not necessary to activate other buttons (Property, . . .) in
order to adjust other material properties.

SOFISTIK : Material 3 x|
Mumber; I‘I Title: |S 510(EC 3)
— Material Definition =
Properties .. |
Design Code: IEurocode ;I
Strength ... |
Type: JEC 3) Structural Stee =1
Bedding ... |
Classification: h
Shress Shaing .. |
Special... |
oK I LCancel |

4.5 CROSS SECTIONS

Cross sections of the structural elements are presented in the following table:

Columns 2] 30
Beams HEA 40
Wind bracing

ICON: Cross Section
T MENU: SOFIPLUS - Defined model - Cross Section
— Command: SOF_GQUER
In the beginning the list of cross sections is empty. Gradually with the button New ... the cross
sections used in the example are added in the model. It is not problem to define other cross
sections if needed during the design process.
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Hr MName

Modfy.. | Delete

x|

LCancel |

atenal ... |

Imnpart ... |

Wodiy Extended. | Delete &l

Export .. |

SOFiSTIK : Profiles No: 1 x|
U [HE 4004 o |
Material [ 15510ECT =] Cancel |
Type [~ Geimany Material |
HEA =] [000 -

-
D n
EEE‘ epoint Imen:zIol
HEAAJIgravity Sl g @ m
U
UPE D 3300 mm
%IAP ing hd s PR —
[E I T 13p mm
SH [i] R1  z7p  mm
HL =
W [0 A2 00 mm
Buckling Curve Custom r
= = | & Thinwaled | & Static
" Salid " half values
Emarmessages

In the combo box Type select HEA and 400.
The second type is rectangular cross section which is contained by 2 [] profiles. Repeat the

action for defining new profile.
New - Rolled Steel
Now, select:

AKTIENGE

From the group of standard cross sections Rolled steel is selected.
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SOFiSTiK : Profiles No: x|
Title [2=u3m0 oK. |
Mateial | 15510(EC3) -~ Cancel |
Tome ™ Gemany I aterial |

Ju = Jeooo =]« [ =]

i~ Dimenzion

Rieferencepoint

|T°D right =] 1000 mm

beirrar 3000 mm

E

D
InnZ awis hd I S 100 mm
Angle IEI T 160 mm
M [ ID— Bl 1g0 mm
ZM [m] ID— Rz 8.0 mlfﬂ_

Buckling Curve Custom
Ic | Thinwaled | & ful St
£ Sold € bl values...

Ermomessages

Type - U300
In order to achieve rectangular profile, the sketch should be mirrored around Z axis (vertical

axis). Place:

Reference point - Top right
Mirror - on Z axis

The results can be previewed in the Preview window. If needed, separation of the profiles can
be accomplished by declaring YM and ZM values. The cross section can be rotated by the
Textbox - Angle.
The third profile is channel with the following geometry:

Diameter-51 mm and Wall-thickness - 2.0 mm

Material | 15 510(EC3)

Driarneter [rmm] 51.0
Wall-thickness [mm]

|2.D - I
Buckling Curve I - I
-

Solid cross section

Section-TiHe |0 51.00/ 200 mm

The list of the cross sections has the final form:
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SOFiSTIK : Cross Sections x|
Mr Mame

1HE 4004 oK
221 300

30337/ 2 mm LCancel |

Material ... |

Fadify ... | Delete I Import ... |

e odify Egtended...l Delete All I Export ... |

CREATING OF STRUCTURAL ELEMENTS

At first columns are to be created. Columns are beam elements. They can be created with:

ICON: Beam element
MENU: SOFIPLUS - Create finite element — Beam element
Command: SOF_G

This method for creating columns is very unpractical. There are a lot of columns and each has
to be created separately. In such cases more efficient to use is the function Generate with
objects.

ICON: Generate With Objects
ﬁ MENU: SOFiPLUS - Generate - With Objects
Command: SOF_G

This opens dialogue box where the type of the elements which will be created with the

following command, are to be selected. (in the example Beam).

Minimal edge length of the elements can be defined if some elements from the group which is

selecting, with length smaller than defined, has to be excluded. Number of the group must be

indicated if the elements which are to be created has to be assembled in separate group.

SOFiSTiK: Element x|
requested element hppg——————————————
" QUAD Area elements

{+ BEAM Beam elements
= TRUS Truss beam elements

(" BOPE Cable elements

Finimum edge length [m]: 0.000

Group Ma: D

v Break ertities on intersections

Cancel | Help |
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By using Crossing Windows, all columns from the frames are selected. (Lower right viewport
is used).

Command:

Select objects: Specify opposite corner: 28 found
(use Crossing Windows, P1 — P2)

Select objects: Return

Searching intersections ......

Treating partial-lines ...

Making Elements ...

First Beam No.<1>: Return (predefined element number 1 is accepted)
Section number<1>: 2 (number of the section is 2)

Creation of the beams is similar. Initiate again the command: Generate With Objects.

X
reguested element tppe
 QUAD Area elements
f+ BEAM Beam elements
= TRUS Truss beam elements
(= ROPE Cable elements
tirimurn edge length [m]: 0.000
Group Mo EI
[v Break entities on intersections <:)
Cancel | Help |

Make sure Break entities on intersection is checked. Beams are drawn by continuous lines. In
the intersection points, node points should be inserted and elements are supposed to be
created between intersecting point of the lines.

Use Window to select the lines.

Command:
Select objects: Specify opposite corner: 72 found

Select objects: Return
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Searching intersections ........

Treating partial-lines ...

Making Elements ...-

First Beam No.<29>: Return (predefined element number 29 is accepted)
Section number<2>: 1 (number of the section is 2)

Wind bracings can be formed directly. They are made from diagonally crossed steel channels,
positioned between the first and the second, and the last and the last by one frame. Because
of great slenderness these elements can not resist pressure. Therefore in the model they are
going to be represented by Cable elements.

ICON: Cable
MENU: SOFIPLUS - Create finite element - Cable
Command: SOF_G

Command:
Node NA (end+cen+nod+int+ext): (Click on the first node)
Node NE (end+cen+nod+int+ext): (Click on the second node)

Section number<1> or [Prestress force]: 3
First Cable No.<1>:

Node NA (end+cen+nod+int+ext): (continue entering other elements)

For easy defining cables, it is possible to draw auxiliary lines which will be converted to
structural elements with Generate With Object command.

SORPLUS Create Objects B4

It must be taken care about mutual passing of each diagonals of wind bracings. They do not
form common intersection point.
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Make sure Break entities on intersection is not selected.

SOFISTiK: Elemer x|

requested element type
€ OUAD Area elements

(~ BEAM Beam elements

" TRUS Trusz beam elements

{+ ROPE Cable elements

tinimurn edge length [m]: 0.000
Group Mo.: D

[~ Break eniies on ntersections <:>

Ok I Cancel | Help |

You can now select all elements of the wind bracings. It is possible to use all Viewports and
all AutoCAD methods for selecting.

Select objects: (Select all diagonal elements)

Treating partial-lines ...

Making Elements ...

Section number<3> or [Prestress force]: Return
(Accept the offered number of the section)

First Cable No.<1>: Return
(Accept the offered number for starting number of cables to be generated)

Diagonal element in the last bay are exactly the same as diagonal elements from the first bay.
Thus, AutoCAD command Copy will be used to generate these elements.
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SOFPLUS Create Objects E ‘ ‘

XK Nm 3 = B

Q

After activating Copy command, all diagonal elements from the wind bracing are selected. As
a Base point is used the lower point of the column. The copying procedure starts from the
column of the last by one row.

Systems in which AutoCAD tools: Copy, Array and others are used should be checked. It is
desirable to perform structure check after generation process, even if the standard way of
generating structural elements is used. With this control all mistakes made in the method, like
folding over of two points or accidental deletion of nodes, are eliminated.

Start the command for transferring data into the analysis database.

IED ICON: SOFiPLUS - Export

MENU: SOFiPLUS - Analysis Data Base (CDB) - Export(..
Command: SOF_GENFOUT

Select the option Check run (no output) in the dialogue box.
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SOFiSTiK: Export x|
Type of output———————————————————— [~ Range of export
" Data base .COB [ Expart system
[~ Ezport Joad data
" ASCIIFiles .5YS and .LF Load gases.. | o
% Check run [ha output) I Biint and optimize

Output for program
L-‘ STAR2/3 ¢ SEPF(Flatte]  SEPP (Scheibe) ¢ ASE ‘

¥ tartk nodes with distance <= 0.0000 m from each other
[¥ Carrect without prompt [¥ Comect withaut screen marking

[ Pagenumbers Startnumber:
Mame in drawing: CELICMAHALA  Data bases avail I - I

Output-file: CADOEUMENTS AN

Select output file... |

0K I Cancel Help

It is sometimes required to repeat this procedure with the purpose of eliminating the mistakes.

4.6 ORIENTATION OF ELEMENTS

Beam elements have local co-ordinate system x, y, z. Starting point NA and ending point NE
define the positive direction of the X-axis.

-

In case of plane frame structure, the direction of Y-axis is defined so bending always happens
around that axis.

Depending of the orientation of the other two axis, three cases are distinctive:

1. Plane frame

The structure lies in the global XY plane. Local Y-axis of the beam is parallel to global Z-axis
but has opposite direction. Local Z-axis is perpendicular to beam axis and oriented on right of
the beam direction.
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2. Plane grid

The structure lies in global XY plane. Local Z-axis of the beam is parallel to global Z-axis.
Local Y-axis of the beam is parallel to beam axis and oriented on right of the beam direction.

3. Space system

In three dimensional systems orientation of the local Y-axis must be defined by the user.
Local Z-axis is perpendicular to local X and Y axes. It’s direction is determined according right
hand rule.

These cases can occur:

Local Y-axis is parallel to global XY plane and perpendicular to beam axis, and on the right
of beam direction. This is independent from gravity direction and always in clock-wise
direction in respect to global Z-axis.
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Beam axis is parallel to global Z-axis, so the local Z-axis is parallel to global Y-axis.
\ .T.}E

] ME
7 NA

MA
NE

Beam is freely oriented in the space.
In such cases the designer should be particularly careful. It is recommended to create visual
control of the beam orientation.

4.7 BEAM ORIENTATION CONTROL

SOFiSTiK offers efficient way to control the beam orientation.

JQ ICON: SOFiPLUS - Display Beam Coordinate Systems
MENU: SOFIPLUS - Visualize - Display Beam Coord. System
Command: SOF_G
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Command:
Factor<0.0000> or [SEttings/STart/Mid/End]: M

Elements to be visualize (RETURN=AII)
Select objects: (select the elements in which local coordinate systems are to be shown)

In the first line of the command it is required to select a point where local coordinate system is
to be placed.

Settings — select color and size of the arrows which will represent coordinate system

Start — coordinate system is placed in the beginning point of beam (NA)

Mid - coordinate system is positioned in the middle of beam (NA)

End - coordinate system is positioned in the ending point of beam (NE)

e

-

In the this example local coordinate system of the columns is being controlled. After selection,
in the center of the columns local coordinate system (Y-axis) is shown. Local coordinates of
the columns are compared to coordinates considered when cross sections are defined.

/

T
T

From the results of the performed control it is obvious that greater moment of inertia is around
Y-axis. This position of the section performs bending of the elements from the frames around
Z-axis, which is not correct.
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With the intention of using greater bearing capacity of the section in the Z direction it is

needed to rotate the section for 90°.

ICON: Cross Section

T MENU: SOFIPLUS - Defined model - Cross Section

Command:

SOF_GQUER

Select cross section 2 and click on Modify ...

SOFiSTiK : Cross Sections

Hr Name

1 HE 4004

3051/ 2mm

Material ... |

Hew ... Modify ... | Delete |

LCancel |

Import ... |

Modify Entended.. | Deleteal |

Export ... |

Change the angle value to 90.

SOFiSTiK : Profiles No: 2

Title 21 300

I aterial 15510(EC3)

Type

[u =] Jama =« [ =]

Lancel

Material

il

FReferencepaint - Dimenision

m B 100.0  mm

i D 300.0  mm
—m‘ 10.0  mm

fingle ISD— } 16.0  mm

il ID— L 160 mm

ZM [m] |0 R2 80 mm

Buckling Curve Custom I

Ic L[| Thinwalled || & f -
& Bolid = half values...

Errormessages

Visualization of the beam local coordinate systems shows that local axis of the beams folds

@

A

F

T

over Y-axis of the cross section. Bending is around the axis with greater moment of inertia.
Beams are correctly oriented and there is no need for changing cross section orientation.

4.8 RESTRAINTS

Supports of the steel hall members are fixed. In order to apply the restraints in which
structural members are supported, modification of the nodes is required.
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- . ICON: Modify node
;"i MENU: SOFiPLUS - Modify finite element - Node
Command: SOF_GNOTMOD

Select the nodal joints which will be restrained from displacement.
Command:

Select option <Select objects>[Select objects/Enter number/Pick nodes]: S
Accept the offered option. <Select objects>.

Pe

After selecting the nodes, in the opened dialogue box check the boxes for constrained
degrees of freedom.

SOFiSTiK: Modify Nodes : x|
— Object:
Add ¢ Femove < HMark < |
28 zelected LCopy Properties ¢ |

Mark nodes with selected restraints < I

—Restraints—————  — Edit single node
v Modify v Bx ™ Modify
F# Maddify ¥ B Hode Mo l:l
¥ Modify v EZ Irternal Mr.: ]
v Modify v M Coordinates 5 l:l
[ Modfy | MY v [
v Modify Iv i z ’—|

Ok I Cancel Help |

4.9 VISUALIZATION OF THE RESTRAINTS

For the purpose of showing the restraints of the structure, visualization is performed.

ICON: Display restraints

== VENI: SOFIPLUS - Visualize - Restraint
Command: SOF_GFEST
When asked

Einstellungen? [Ja/<Nein>]: J
answer with N (nein)and the predefined properties of the vusualization are accepted.

4.10 LOADING
All loading cases are defined. Load distribution depends on the type of the roofing structure
and curtain walls. In this example load analysis is not performed, so predefined loads are
accepted:

Roof weight 0.10 kN/m?
Snow weight 0.75 kN/m?
Wind preasure 1.00 kN/m?
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Wind suction 0.50 kN/m?
.p?| ICON: Loadcase Manager
- MENI: SOFiPLUS - Loadcase Manager

Command: SOF_GLFMOD

In the beginning the list of load cases is empty. Clicking on Button New... enter three load
cases.

: SOFIPLUS: Loadcase-Manager X|
|Current Loadcase: 1 [Stalen tovar) Lurrent I Hew |
\l M | Deescription | Kind of Load | Typpe of Load | Load | St | Com. I Com. I Com. I fava. unfa I Caom.
71 Stalen tovar Genersl Loa.. G Dead Load 1.000 1.000 7.000 1.000 7.000 1000  1.350  1.000
7 2 Sneg Additional L G1 Dead Loa 1000 0000 0700 0700 0600 0000 1.500 1.000
T3 Wete Additional L.. ' Wind 1000 0000 0700 OF00 0600 0000 1.500  1.000

¥ Increment loadeases automatically

Selfweight Pos. 'v'-auis |Standard EC_2 Ok | LCancel Help

4.10.1 Dead load

In this example loads which act on the roof are directly transferred on the frames. By
multiplying the uniformly distributed load with the frame span (for middle frames), or half the
frame span (for ending frames) equivalent frame loads are the result.

Dead load is placed as current load case.

Plﬂ ICON: Beam load
MENI: SOFiPLUS - Create loads - Beam loads
Command: SOF_GXLAS

Command:
Select option <Select objects>[Select objects/Enter number/Pick Beam]: Return

Select objects: (select the internal beams)
Select objects: Return

Distance from beam start<0.0000>: Return

Load end distance from beam end<0.0000> or [Further-beam/Point load/Load length]: F
(F- load also acts on the next beam)

next beam (nea):

Load end distance from beam end<0.0000> or [Further-beam]:

Load type [Load/Moment/Pre-displacement/Temperature]: |

Load [PS/P1/P2/PX/PY/PZ/PXP/PYP/PZP]: PZ

(Roof load acts on the downward beam length-global Z axis)

Load in kN or [Variable load]: 1.00
(0.10kN/m** 10m = 1.00 kN/m’)

Select option <Select objects>[Select objects/Enter number/Pick Beam]:
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(continue with entering loads on ending beams with value 0.5 kN/m’)
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4.10.2 Snow load

Before entering next loads, it is suggested to make all other loads invisible. Activate AutoCAD
function Layer Property Manager, and switch off the layer named XV__S001_HALA1. ltis
possible to use SOFIPLUS tools for switching off certain load cases.

SOFIPLUS - Vizualize - Delete vizualization

Select &Loads and Switch Off

SOFIPLUS: Delete visualiza x|

Tupe of visualization
[ Support conditions
tloads

| | B
Layer
i {owitch Dff (" Delete |

Cancel |

which turns off all load cases from the viewing point. The procedure for entering snow load is

the same as entering dead load.
The difference is that snow acts on horizontal plane. Label for this load is: PZP

Load [PS/P1/P2/PX/PY/PZ/PXP/PYP/PZP]. PZP
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In this example asymmetric snow load is taken under consideration.
4.10.3 Wind load

Lateral wind load is studied. In this example wind acts only on the beams. The wind direction
is global Y-axis.

Load [PS/P1/P2/PX/PY/PZ/PXP/PYP/PZP]: PY
Wind preasure is 6 kN/m’ and wind sucking is 3 kN/m’.
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4.11 TRANSFERRING DATA INTO DATABASE

When the model of the structure is prepared and all load cases are entered, the data are

transferred into analysis database.
ICON: SOFIiPLUS - Export
é[l MENI:

Command: SOF_GENFOUT

SOFiPLUS - Analysis Data Base (CDB) - Export(..

Command Export transfers all the data which were saved within a drawing into analysis

database.

SOFiSTIK: Expork
— Type of output

{* Database .COB

Fange of export
v Export system
v Export load data

Load cazes... | Al

|+ Erint and optimize

& ASCIFiles 575 and LF

= Check run [ho output)

— Output for pragram

& STARZ/3 (] SEEF[Flatte] " SEFP(Scheite]

i ASE

v Mark nodes with distance <=

0.0000 m from each other

v Camect without screen marking

[rata bases avail.;

¥ Comect without prarpt

[ Pagenumbers Startnumber:

MName in drawing: HalLal

Output-file: EACELCICMA HALAVHALAT.CDB

[HaLat |

Select output file...

0k Cancel Help

By accepting the offered options, preprocessing process finishes.

4.12 STRUCTURAL ANALYSIS

The analysis is made with the program WTED.
ICON: Edit (Win Ted)

% MENI:
Command: SOF_G

In the dialog box enter the file name
Input file for WTED

Lack jn: Ia Celcicna Hala j - =k E3-

£CELIC OFIPLLIS, Zahhala1_fFd.dat

*# celicna hala sofiplus_IFd, dat %HALAI_MAX.DAT
S CELICNA HALA SOFIPLUS_MAX.DAT  #khalal_msh, dat
5 celicna hala sofiplus_msh, dat

S HALALDAT

5 halal _aqup.dat

Open |
4 Cancel |

EndFie... |

File: name: |EELIENA HALA SOFIPLUS.DAT

Files of wpe: I * dat

Locate |

SOFiPLUS - Analysis ...

for input: CELICNA HALA SOFIPUS.DAT.

2]
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Working area of the program WTED is displayed.

% SOFISTIK Teddy - [E#\Celcicna Hala), CELICNA HALA SOFIPLUS.DAT *] = —of x|
E\\e Edit Wiew Block Extras SOFISTK  wWindow Help - ﬂﬁl

DFAEHD | tB(2- - (wAh(BREBen (SR
JCELICNA HALA SOFIPLUS.D ~| Line 38 of 49 Cal 1 ‘ Ins = E® Win
CTRL I =

3 ECHO full no

2 | Echo fore,load full
3

B

*+

#include 5 (name).lf
END

+DROG GRAF -E
) | VIEW sTAN 1 1 1 POSY
+ | 5T2ZE HP4

Lc 1

BEAM VI

7| BEAM MY

| BEAM W

1o 2

| sEaM vz

]| BEAM MY

Fetp | BEAM N

= | LC 3

BEAM VI

BEAM MY

BEAM N

END

AT T T T T AT AT AT A

#include §(nams)_max.dat

+prog agb

Sshould be checked and completed
ECHO full no

echo STRE ves

STRE

END

B2y E£EREr

. [l
32 HalatDaT [ CELICNA HAL.. ‘ 0

END GRAF [Eng 2

Modify module

+PROG GRAF

in order to output calculation results for three load cases. Some predefined modules which
are sufficient for the current analysis are eliminated. (In this example MAXIMA and AQB)
¥ SOFISTiK WinPs - [E:\Celcid

File Edit ‘fiew SOFSTE

J@n“i B L et L

(4 |/ HALALDAT
- aqua
+ graf
- starz
= graf
il maimna
oL
end
=i
am

The control box from the analysis process shows that modules AQUA and GRAF are
completed without errors and module STAR2 has warnings.

CD-baze
|HALAT cdb x| Search |
tadul | Iter...l Errar |War... | Time |

v agua 1] 1] 1]

v oraf 0 0 0

38 star2 ] 3 1

v oraf 1] 1] 1]
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This warnings should be carefully examined. To display SOFiSTiK messages, you should run
Ursula program.

H Ursula is used for creating output file, which contains text and graphical presentation
of the results.

2. SORISTIK Ursula - [ECelcicna HalatHALAL.plb] 1ol x|
File Edit Wew Extras SORSTE Window Help ==l x|
(=2 =2y =3 et &8 #BEaEaaa B9 md B yal?
Contents x
{_3 HALA1 PLB
7 AQUA
R Crosssections : sorsnK  SOFISTKAG * Licensa Na. 4140001 Page 1
? GREF T AQUA - GEMERAL CROSS SECTIONS o/ 11.11-59) 26.04.2002
L Picture: NODE
“..# Picture: SECTIC hala
§ STARZ
@ Loadcase 1 1
{13 Beam Loads Cross-sections static properties
A Loadease 2 | No MHo A[m2] Av/Az/Ayz Iv/Iz/Iyz vs/zs y/z-sc modules gam
{31 Beam Loads MHs It[ma] [m2] [ma] [cm] [cm] IMPa] [kH/m]
A Loadease 3 ¢ 1 = HE 200 A
[ Beam Loads 1 1.5898E-D2 9.500E-D3 4.508E-D4 0.00 0.00 210000 1.25
[ Beam Forces Ar 1.900E-06 4.081E-03 8.550E-05 0.00 0.00 80769
@ Forces in Cable- 2 = 2 * U 300
[ Beam Forces Ar 1 1.1745E-D2 2.533E-03 7.248E-05 -15.00 0.00 210000 0.52
-4 Forces in Cable- 3.740E-07 2.540E-03 1.605E-04 0.00 2.71 80769
[E Beam Forces Ar 3 = D 51 / 2 mm
1 Forces in Cable- 1 3.0785E-04 9.256E-08 0.00 0.00 210000 0.02
1.000E+00 9.256E-08 0.00 0.00 80769
M -
| Ik L2
Ready. Page 1fz5 118% 4

4.13 Tool

ﬁ‘ | Search warning enables fast positioning of the warnings. In this example, warning
message is:

+++++ warning no. 7 in program FEDE

Syastem with 2EIL elements without iteration wields fal=ze results !
When iteration not deszired, pleasze, u=ze truzsz members of type FACH

This warning shows that cable elements are used for modeling the structure. When cable
element are being used, analysis process must be iterative or cable elements should be
replaced with truss elements.

4.14 EXPLANATION

In the first analysis, this program determines forces in the elements. If cable element is
exposed to pressure it should be eliminated from the analysis (because of great slenderness
cable elements cannot resist compressive stresses). The process should be repeated without
participation of the compressed cable elements. It is iterative process executed in few cycles.
In this example modifications are made in STAR2 module. Number of iterations are limited to
2.

CTRL 115
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Results from every iteration are requested.
ECHO STEP 1

PROG STAR2
HEAD WIND TO THE LEFT - WIND TO THE RIGHT
CTRL I 5
ECHO STEP 1
LC 1

NL 2 PX 10
END

CTRLII 5
ECHO STEP 1
LC2

NL 3 PX -10
END

Depending on the structural system, EXECUTE activates few predefined modules. Detailed
explanations about contents and functions of those modules are presented in their manual.
For complete analysis process, some predefined functions and functions which have to be
included in the analysis are explained.

4.14.1 +PROG AQUA
is for calculating geometrical properties of the cross sections. Static values can be also
entered as well as dimensioning or stress check of the section. Predefined values in AQUA
are:

+PROG AQUA -E urs:1

PAGE firs -1
ECHO full no; ECHO sect yes
END

PAGE - Control of Input/Output — Control of input/output data.
First — number of the first page, if negative page numbering is not performed.
Line — number of lines per page

LANO - output file language code
German

English

French

Spain

LANI — input file language code

UNIO - input file system units
UNII — output file system units

SOFiSTiK supports following system units:

0 =Standard units of SI-System

1 =General structural engineering (e.g. cm instead of m)

2 =Steel construction, SI-System (e.g. mm instead of m)

3 =Concrete bridge construction, SI-System (e.g. MN instead of kN)
4 =Foundations, SI-System (e.g. MN instead of kN)
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5 =Hydrology

8 =Standard units of US-System

9 =General structural engineering in US-System
10 =Steel construction in US-System

11 =Concrete bridge construction in US-System
12 =Foundations in US-System

4.14.2 ECHO - Extent of Output
Member | Description Type Default
OPT Text FULL
Material parameters MAT
Cross section elements SECT
Element references REFP
Cross section values SDEF
System statistics SYST
Drawings characteristics PICT
Integral method for equations IEQ
Selection of all options FULL
VAL Text FULL
No calculation/output OFF
No output results NO
Normal output results YES
Extended output results FULL
Extreme output results EXTR
By default SOFiSTIiK offers:

ECHO full no; ECHO sect yes
which stands for generating output results only for cross section elements
Small correction in the input data is made in AQUA, in order to display results in English.

+PROG AQUA -E urs:1
PAGE firs -1 LANO 1

ECHO full no; ECHO sect yes
END

Output results presented in URSULA are:
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SOF STiK SOFISTIK &G * License Mo, 4140:001 Fage 1
oo oanls oA | GEMEINE QUERSCHMITTE % 11.11-99) 25.04 2002

hala

Crogss—-sections sgtatic properties

No Mo Am2] RAyfRzfAyz IyfizfIy= ysfez yfz-=sc modules gam
M= Tt [md] [m2] [met ] [cm] [cmd [MPal [kNim]
1 = HE 400 &
1l 1.5222E-02 2_E500E-03 4. E503E-04 a._ao a._ao zloooo 1.25
1.200E-0& 4_021E-03 8. E550E-0OF a._ao a._ao 207539
Z = 2 * 1T 200
1 1.174%E-0Z £.533E-03 7.E46E-0L5 -15.00 a._ao zloooo .9z
2.740E-07 Z._840E-03F 1.e0E5E-04 o_oo z.71 207639
3 = D 51l f 2 mm
1 3.0788E-04 9_ELEE-0O8 o_oo o_oo zlaooo a.oz
1_000E+00 9 _EZEEE-08 a_oo a._ao 280763
4.14.3 + PROG GRAF

is used for graphical presentation of the structure and results. It is predefined to call up twice.
In the first case graphical presentation of the structure is called up.

+PROG GRAF -E urs:2
VIEW STAN111 POSZ
SIZE HP4

STRU 11

STRU sno

END

VIEW -View Specification

AAAAAAAA
Member | Description Type Default
TYPE Element presentation Text angle
View point (X, Y, Z) STAN
View line DIRE
Axonometric angle X, Y, Z ANGL
Reduction factor X:Y:Z SCAL
é Direction for TYPE _ :jg:g:::: 8
Z (line view or angle or reduction) “degrees 0
AXIS Orientation for STAN, DIRE and SCAL Tekst
Positive x-axis downward POSX
Positive y-axis downward POSY
Positive z-axis downward POSZ
Negative x-axis downward NEGX
Negative y-axis downward NEGY
Negative z-axis downward NEGZ
ROTA Additional rotation in the drawing in clock-wise position | Degrees 0

In this example, predefined values for the view are:
VIEW STAN 111 POSZ
Which denotes view point with coordinates 1, 1, 1 and determines positive direction of Z-axis.
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SIZE - Scale and Paper Size - Paper format for printed results is defined.

In this example, predefined paper format is A4.

SIZE HP4

STRU - Representation of Structure Values

Member | Description Type Default
NUME Element presentation -/[Text -

Draw one element -

Do not draw element 0

Element numbers n

Group numbers GRP

Material numbers MNO

Cross section numbers SNO

Cross section contours SECT

Do not generate BRIC areas SPAC

Accept BRIC areas GLAZ

Contour areas only CONT

Do not draw structure NO

NUMK Draw node numbers - -

Draw any element number -

Do not draw numbers 0

Number of every n node n

Number of supports FIX

Extreme output results EXTR
OFFE Beam element distance numbers - 0
OFFK Node numbers distance - 4

Predefined values are:

STRU NUME 11

STRU sno

meaning creating of two drawings, one with node and element numbers and the other with
cross section numbers. Node and element numbers start from 1

Contents x

3 HALAT.PLB
7 GRAF

Lightning bulb before GRAF is used for turning GRAF on or off in the book for output results.
ICON
T

works by switching on/off. You can turn off certain drawings from the book with output results.
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4.14.4 PROG STAR2 —
Module for static calculation of frame structures
Depending on input data, this program identifies three operating modules:

load generation
analysis
restart

In this example loads are completely defined with SOFiPLUS. Eventually additional load
cases can be defined with the program STAR2.

CTRL - Parameters Controlling the Analysis Method

Member | Description Type Default
OPT Control options Text I
VAL Optional values -/Text *

Available options

LIT Description Value Default

I First order theory (dilatation control) nlter 1

IB First order theory (stress control) nlter 1

Il Second order theory (dilatation control) nlter 1

1B Second order theory (stress control) nlter 1

Il Third order theory (dilatation control) nlter 1

1B Third order theory (stress control) nlter 1

GEN Force and displacement tolerance In 0/0 1.0

GENM Moment and rotation tolerance In 0/0 1.1

AFIX Managing degrees of freedom which are freely - 1
displaced

STYP Cable element management Text CABL
Cables can accept only tension CABL
Cables can transfer compression TRUS

GDIV Element grouping factor - *

Predefined value for CTRL is |, which means that analysis is going to be executed by first
order theory.
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As a result for predefined values, URSULA creates output data for all three load cases.

2. S0FiSTiK Ursula - [C:\Documents
[ File Edit ‘iew Exras SOFISTE  Windo

Exlgkk B
Contents x

‘5 HALA1 PLB

Q STARZ

[:Qi Loadcase 1 Loadcase 1
[;TE Bearn Loads

-4 Loadcase 2 Loadcase 2

- L Beam Loads

L] Loadcase 3 Weter'

[;@ Bearn Loads

[;@ Bear Forces And Displacernents
~L ] Forces in Cable-Elements

-L ] Beam Forces And Displacements
[E Fo in Cable-E lerments

[;@ Bear Forces And Displacernents
-4 Forces in Cable-Elements

Echo of the load input data.

Beam Loads
Beamno type alm] 1[m] loadl load?2 [dimlyalcm]zalom]ye[cm]ze[lcm]

Z% ULPZ 0.000 2.040 £.00 EN/M
20 ULPEZ 0.000 lZ.0&0 £.00 EN/M
21 ULPEZ 0.000 lZ.06&0 E.00 EN/M
2E ULPEZ 0.000 2.040 E.00 EN/M
33 ULPE 0.000 2.040 10.00 EN/M
34 ULPEZ 0.000 lZ.060 10.00 EN/M
35 ULPE 0.000 lZ.060 10.00 EN/M
36 ULPE 0.000 5.040 10.00 EN/M
37 ULPE 0.000 5.040 10.00 EN/H
38 ULPE 0.000 lZ.060 10.00 EN/H

Results of the static values in the beam elements.

linear raesults lc 1l Loadfactor 1.00

Beam Forces And Displacements

Loadcazse 1 Loadcase 1
beam X N -y V-= M-T M-y M-=
Ho [m] [kN] [kN] [kN] [kIm] [kIm] [kIm]
1 0.0oo0 -TE.2 -3.1 a.0 a._ao -0.1%2 -1z.429
7. E00 -TE.E -3.1 0.0 o._oo 0o.11 g5.73
Z 0.0oo -TE.E 3.1 0.0 o._oo -0.1%5 13.49
7. E00 -TE.Z 3.1 0.0 o._oo o.10 -g.79
3 0.0oo -EE.E -5.8 0.0 o._oo -0.11 -zE. 58
5. 000 -EE.E -5.8 0.0 o._oo o.o% 15.48
4 0._.000 -EE.E 5.8 0.0 o._oo -o.a5 zZE. 58
5. 000 -EE.E 5.8 0.0 o._oo 0_0& -15.48
L 0.0oo -147.4 -4.8 0.0 o._oo -0.11 -z0.63
7. E00 -147.4 -4.8 0.0 o._oo o.o7 13.83

Finaly forces in cable elements are entered.
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Forces in Cable-Elements

Loadcaze i Loadcaze 1
Humber HILEkN] u [mm] u—t [mm]
11 -0.1 -0.01z
1z -0.4 -0.0g80
13 -0.1 -0.011
14 -0.1 -0.014
15 -Z.6& -0.&535
1 Z.4 o.587
17 -Z.8& 0.5zl
1= -Z.6& -0.51%
13 Z.3 0458
z0 -Z.6& -0.51%
zl Z.4 o.&5a7
ZZ -Z.6 -0._635
z3 -0.4 -0.0739
z4 0.1 -0.013
+++++ warning no. 7 in program FEDE

Bystem with 3EIL elements without iteration ywields false results |
TThen iteration not desired, please, use truss members of type FACH

Message at the end of the results for cable elements should be taken under consideration. If
cable element results are analyzed, some elements are tensioned while others are
compressed. This is not according the idea for cable elements which have to be tensioned.
This warning is that case. Axial tensioned cable elements can not be achieved only by one
analysis. SOFiSTiK registers such cases and sends message to use TRUSS elements in the
analysis, some axial compressed elements can occur, or to solve the problem by iteration.
This iteration means that after analysis is finished, structure is checked for axial compressed
elements. If there are such elements they are eliminated from the model of the structure
(because of high slenderness they can not bear compressive forces).

Analysis is repeated with the new model. Redistribution of forces is done, so new axial
compressed elements may occur. In the next iteration such elements are eliminated from the
analysis and the process continues with few iterations until final solution, without axial
compressed elements, is succeeded. Usually number of iterations has to be limited or other
criterions for controlling exact solution are applied. To make nonlinear analysis of the
structure, modification in module AQUA is done.

CTRLII5
This problem has to be solved using second order theory with maximum 5 iterations.

URSULA creates additional results. Apart from results of linear analysis (first iteration), final
results are presented by eliminating compressed cable elements.
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a HALA1.PLB

- Loadcase 1 Loadcase 1

Beam Loads

Loadcase 2 Loadcase 2
Beam Loads

Loadcase 3 Weter™

Beam Loads

Beam Forces And Dizplacements
Forces in Cable-Elements

Beam Forces And Dizplacements
Forces in Cable-Elements

Beam Forces And Displacements
Forces in Cable-Elements

Beam Forces And Digplacements
Faorces in Cable-Elements

Beam Forces And Digplacements
Faorces in Cable-Elements

[;Qi Beam Forces And Displacements
B3I Forces in Cable-Elements
{31 Beam Forces And Displacements
B3 Forces in Cable-Elements
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Results for cable elements clearly show that axial compressed elements were not included in
the analysis.

There is no compression in the cables.

Forces in Cable-Elements
1

Nonlinear loadcase
Number NIkN]

= B I VI o B VI O S

L

10
11
1z
1z
14

" -

1O O 0O SR OO MOM OO
I T o O o o Y e T T o Y o Y o R o Y Y e Y o

Loadcase 1
u [m]

.0es
.0E0
B39
oo
_Eoz
.L0s
.57k
_Eo7
oo
_E3E
-DE0
077
.01l7
_0z9

-

u—t [m]
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4.14.5 ECHO - Control of the Output Extent
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AFT

Member | Description Type Default
OPT Text from the applied list Text FULL
Node coordinates, limitations NODE
Beams BEAM
Springs SPRI
Boundary elements BOUN
Cross section values SECT
Loads LOAD
Cross section forces FORC
Beam deformations DEFO
Node displacements BDEF
Reinforcement REIN
Stress and strain NSTR
Output results for all iterations STEP
All options FULL
VAL Output option values Text FULL
No output results NO
Standard output results YES
Complete output results FULL
Extended output results EXTR

Predefined values:

ECHO full no
Echo forc,load full

denote complete output for forces and loads.

4.14.6 +PROG GRAF
Graphical presentation of results

Program GRAF is called up again to insert drawings with results from analysis. By default

only results from the first load case (LC 1) are entered.

LC 1
BEAM VZ
BEAM MY
BEAM N

For results and other load cases input results have to be added in GRAF.

4.14.7 BEAM -Beam Element Results

Member | Description Type Default
TYPE Type of structural element Text -
UNIT Values presented with 1 cm * *
SCHH Text height cm H6
STYP Type of elements SPRI

Boundary elements BOUN

Cross section values Text *

BEAM beam element

CABL cable element

TRUS truss element
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PIPE pipe element (pile)
DTYP Type of representation Text *
UNI2 Same as UNIT for second type * *
MNO Number of material for composite sections or text for - *
point which stress is calculated in AQUA
STAT MAX maximums only Text END
END maximums and beam endings
SECT all beam sections
MIN Lower text limit * 0.
MIN2 Lower text limit for second type * 0.
OFFS Text distance cm 0.
ND Number of decimal places - *
VAL Output option values Text FULL

By default only graphical results of beams are displayed.

2.SOFiSTIK Ursula - [C:\Documents
File Edit Yiew Extras SOFISTK Winddw

N

Contentz »
4 HALA1.PLB
b 7 GRAF

Picture: BEAM SHEAR FORCES OZ LC
Picture: BEAM MOMEMTS MY LC 1 Loa
Picture: BEAM NORMAL FORCES LC 1
PFicture: BEAM SHEAR FORCES OZ LC
Picture: BEAM MOMEMTS MY LC 2 Loa
Ficture: BEAM NORMAL FORCES LC 2
Picture: BEAM SHEAR FORCES QZ LC
Picture: BEAM MOMEMTS MY LC 3%eh
Picture: BEAM NORMAL FORCES LC 3

Nine new drawings are entered in the book of results.
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T GEAM JHEAR TORCES Q2 LT 1 Loadcase 1 1 M = 50.0 K B1:s00
PR

Ban= 140

Icon Rotate Picture is used for rotating the drawing for 90°, in one or the other direction. For
this purpose drawing should be first selected by clicking with the mouse on the drawing in
URSULA, and then icon depending rotation direction is clicked.

—c-(

T
e

FRIPTOT T IT 20 A0 HWEHE WEId

W =HT TR

S0 RIS K- SrUCLe Aroay2iz Breducis

EALR
005 P TH

Next click on the icon rotates the picture for another 90° and so on until desired orientation of
the drawing is achieved. Results for cables can be displayed in addition.

Because results from the analysis are in analysis database they can be shown separately.
For instance, if new book with drawings, which will contain only cable forces, has to be
created unneeded modules are switched off (by clicking the + sign becomes -).

Change in GRAF is made so only cable forces are drawn.

+PROG GRAF -E urs:4

VIEW STAN 11 1 POSY
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SIZE HP4

LC 1

BEAM N STYP CABL $ Cable N

LC 2

BEAM N STYP CABL $ Cable N
LC3

BEAM N STYP CABL $ Cable N
END

and all modules except GRAF are turned off.

' Eile Edit Wiew St

J = Def) B Let] Pt
() | HALA1.DAT
+ ...... -— aqua

...... - graf
L ...... =-| ctar?
wif | +| graf

------ = maxima
+

o

j ...... - end
T

As aresult of these changes, new book with drawings is created,
-SOFiSTiK Ursula - [C:'\Documents a

. Eile Edit “iew Extras SOFISTE Window

=
Contents x
i HALA1 PLB
b q;:- GRAF
----- . Ficture: CABLE MORKMAL FORCES LC 1
----- . Ficture: CABLE MORKMAL FORCES LC 2
----- . Ficture: CABLE MORKMAL FORCES LC

where cable element forces are introduced.

T
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T
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5. Example 2 : Administrative Building

This building is octagon based, with edge length of 10 meters. Cross sections of the floors are
shown on the following pictures. First, slabs are analyzed as independent structural systems.
Three floors are characteristic: basement floor, ground floor and first floor.

5.1 BASEMENT:

The outline couture of the slab is supported on concrete walls with thickness of 20 cm. Slab in
the center has 5 m round opening. Supports in the center are circle columns with 40 cm in
diameter.

Stairs are surrounded by two concrete walls (d=15 cm). For simplifying the analysis, stairs
slabs are not included in the mathematical model.

5.2 STRUCTURAL SYSTEM

Structural system is Girder/Slab grid. Analysis is going to be performed according Euro Code
(EC 2). Structural system is set with:

ICON: Structural system
& MENU: SOFIPLUS - Structural system...
Command: SOF_GSYSMOD
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Project: IPodrumska ploca

Databaze: IBasement vI e, | Hename... |
Orientation of Self \wWeight: IPos. Z-amis vI ~ Stnustural modal

Design Code: EC - |2 vI r~ Space
Mawimum number of lmggg— " Eramedwal
elements per group:
' Girder/Slab
Pointsize [m]: 0.05
Analpsiz bype:
Highest node Mo
IND ssten - l
[+ Groups on separate layers
— Data base coordinate system
WS " Current UCS
— Dirawing unit
* m = om " mm Dutput urits... |
Seftings |
Ok I Cancel | Help | Delete |
In Data Base Description and Choice dialogue box following parameters are entered in the
database.
Project Podrumska ploca
Database Basement
Orientation of Self Pos. Z axis
Weight:
Maximum number of 10000
element per group
Point size 0.05
Structural mode Girder/Slab
Database coordinate SOFiSTiK
system
Drawing units m

Database file is created after closing the dialogue box. The file name is:

BASEMENT

5.3 MATERIAL

Slab is made from concrete with strength 35.

MENU: SOFiPLUS - Defined model — Material

% ‘ ICON: Material

Command:

SOF_GSYMATE
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Dialogue box shows predefined materials which are not used in this example.

SOFISTIK : Material x|
Ma M ame
1C20([EC 2

25500(EC2)
35235(EC 3]

9[MZ4 1 [DIN 10531 Cancel |

Mew .. Modify ... Delete | Import ... I

Delete Al | Export ... I

Modify concrete strength. Select the material which is going to be modified (1 C 20 in the
example). Pressing on the Modify button opens dialogue box which permits changing material
properties.

SOFiSTIK : Material x|

Number. 1 Title: ICEEC

r Matenial Definitions -
Properties ... |
Deszign Code; |(SN{sfn]
Strength .. |

Type: I[EE 2] Standard Concrete LI
EBedding ... |
Classification: I 5 ;I I ;I
Stress Strainz ... |
Special... |
Ok I Cancel |
Type (EC 2) Standard Concrete

Classification 35

Reinforcing material remains unchanged S 500. The rest two predefined materials can be
deleted.

5.4 STRUCTURAL LINES

As a background for defining mathematical model, architectural drawing of the basement floor
is used. This drawing can be used for filling structural lines which are later used for generating
mathematical model. For outward walls usually slab contour is considered passing on 1/3 of
the wall thickness.

For this purpose following command is used:

ICON:1/3 Line
— MENU: SOFiPLUS - Defined model - Auxiliary Line - 1/3 Line
— Command: SOF_DRITTEL-LINIE
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First click on the inner line of the wall and then on the outline. SOFiIPLUS draws structural line
on 1/3 of the inner side of the wall

-

-1

This command is used for drawing structural lines on all outward walls.
Inner walls are represented by structural lines passing in the middle of the wall.

— ICON: Center Line
— MENU: SOFiPLUS - Defined model - Aucxiliary Line » Center Line
— Command: SOF_DRITTEL-LINIE

In this case order of selecting sides of the wall is not important.

-

-

This procedure continues with drawing structural line on the second inner wall. All structural
elements are placed on later: X__AUFL

|2 s|vafgnx a5

which is formed by SOFiPLUS.

Beside these lines additional structural lines are going to be drawn. Using the simple
AutoCAD command: Line, draw lines on the contours of the slab segments. These lines have
to be placed on layer X__AUFL. If these lines are not entered on the layer X__ AUFL when
they are drawn, relocation can be done in few ways using AutoCAD commands (Properties,
Match Properties tool, ...) or by simply clicking on the lines (grip points are showing) then
clicking on the icon Layers and selecting the layer X__AUFL from the layer list.
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SOFIPLUS has its own function which transfers graphical objects on structural layer.

ICON: Copy to structural Layer
I, MENU: SOFiPLUS - Defined model - Auxiliary Line — S Copy to structural
— Layer
Command: SOF_DRITTEL-LINIE

After selecting this command, click on the auxiliary lines which are transferred on layer
X_AUFL and represent structural lines.

This group of tools has another tool: User define Factor, which allows optional position of
structural line in relation to wall edges.

ICONA: User Defined Factor

— MENU: SOFiPLUS - Defined model - Auxiliary Line - S Copy to Structural
—— Layer
Command: SOF_DRITTEL-LINIE
Command:

Factor <0.5000>: 0.25 (Line passes on V4 of the first selected wall edge)
First line (Select the first wall side)

Second line (Select the second wall side)

First line (Continue with other walls)

5.5 STRUCTURE AREAS

Structure areas are parts of slab surrounded by structural lines. There are two ways of
generating structural areas: by clicking on the point inside contours of the area (structural
lines must form closed contour) or by clicking certain structural lines which form slab contour
area. In the second case lines do not have to intersect. SOFiPLUS continues lines to their
intersection points. It is important to generate lines in clock-wise or opposite direction and to
form closed contour. In this example first case is shown in the beginning.

ICON: Structure area
MENU: SOFiPLUS - Defined model - Structure area
Command: SOF_PM_AREA

oy

Before defining structural areas it is preferable to close all layers except layer with the
structural lines. After that component check of structural lines is needed in order to eliminate
errors (usually contours are not ideally closed) or to choose forming of the areas by selecting
contour lines which do not need closed contours.

Simplest way is by clicking on closed contour. After selecting this option, dialogue box
appears on the screen asking for slab parameters.
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{SOFISTIK: structural [& x|

General I Support condition&l Genmetryl Beddingl

Thickness T[m]: 0.20 b aterial
. | Siab.. | CHECE
Graup rumber: I— Loads. .. | Heinfnrcement...l S EODEC 2)

#| | = 2|

Predefined slab thickness is 20 cm. It should be changed to 18 cm. If change of the material
is necessary, buttons Slab (for concrete) and Reinforcement are used. Both buttons open
Material dialogue box which allows change of accepted materials. Button Load... starts the
process of defining loads for the area which is going to be generated. After the first launch of
Loads..., Load case Manager dialogue box opens because there are no previous loads
defined. In this dialogue box all load cases, which will be used in the slab analysis are entered
and current load case is the first one for which load is going to be generated. In the example it
is 1 Loadcase Dead Load.

t SOFISTIK: | oadcase-Manager x|

|Eurrent Loadcase: 1 (Loadcase 1] Hew

\l M. | Description | K.ind of Load | Type of Load | Load.. | Sw | Corn... | Com.. | Com.. | favo.. | unfa.. | Com...
91 Loadcase 1 General Los.. G Dead Load 1.000 0000 1000 1.000 1000 1000 1350 1.000
% 2 Lloadoass2  AddionalL.. O VanableLoad 1000 0000 0700 0700 0E00 0000 1500 1.000

¥ Increment loadeases automatically

Selfweight: Pos. Z-axis Standard: EC_2 ok | Lancel Help
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5.6 Loads and Areas dialogue box

SOFiSTiK: Loads on Area d
—Dead load

Select Load Case ... | |1_

Load in direction of grawvity [kM/m2]: I'I 5
Temperature Difference [*CL I

— Impoged load

Select Load Case ... | |2_

Load in direction af gravity [kM/m2]: |3-5
Temperature Difference [*Cf: I

¥ | Increment loadzases automatically

[~ Dan't show this again
Cancel Help

allows selecting load case for dead and imposed load as well as entering load values and
temperature difference. Since loads are placed on correct positions, click inside closed
contour. SOFIPLUS analysis contour and if everything is properly entered and defined, marks
the contour and displays area labels and loads.

Process continues by setting point lying on the next closed contour. Before contour is
selected dialogue box appears again, but with increased value for Imposed Load. When
selecting closed contours, they should be fully visible on the screen.
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SOFiSTiK: Loads on Arez x|

— Dead load

Select Load Case ... |

Load in direction of gravity [kM/m2];

Temperature Difference [*CL

— Impoged load

Select Load Case ... |

Load in direction af gravity [kM/m2]:

T

Temperature Difference [*CL

W Increment loadcases automatically

[~ Dan't show this again

Cancel Help

Every slab area can have new load case for Imposed Load. In that case by combining load
cases checkmate disposition of Imposed Load is available for inspection or determination of
the unfavorable disposition in certain slab areas.

We should discuss about two check boxes: Increment loadcase automatically (presumed
option) and Don’t show this again. As stated before checking the first check box automatically
increases the number of load case in which Imposed load for specified load is placed. The
second check box is active only when all areas are uniformly stressed. In such cases Loads
and Areas dialogue box do not appears, so predefined load values are declared on the areas.
In this example we will use the second option: Don’t show this again, meaning all areas have
same load values.

V¥ Increment loadcazes automatically

[v iDon't show this agair

Center part of the slab can not be created on the previous way. This part contains opening
which has to be defined separately. Use: Select Boundary option:

Command:

pick Point in area or [Select Boundary]:
pick Point in area or [Select Boundary]:
pick Point in area or [Select Boundary]: S

We should be very careful when using this method. When selecting two structural lines
SOFIPLUS checks these lines and if the operation is regular marks the lines with one label for
each line.
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In some cases a line can be contained in few areas and when selecting SOFiPLUS does not
identifies that line (line marking is skipped). Then we have to repeat selection by holding
down CTRL and clicking on the line. Thereby cycle selection process is started.

Select Boundary or [Undo]: <Cycle on>

At this time click again on the line (without holding down the CTRL button). By every
selection, next element with area equal to previous is selected. Continue clicking until right
element is selected and then click on Entry to finish cycle selection process. If everything is
regular new area is created on the slab.

At the end slab opening should be created.

ICON: Opening
EI MENI: SOFiPLUS - Defined model » Opening
Command: SOF_PM_HOLE

This way of creating openings is exactly the same as when creating slab areas. You can click
on the closed contour of the opening or gradually select contour lines of the opening. This
example uses first option because center slab opening has round shape.

COLUMNS

In the center area, our slab is supported on circle columns. In the mathematical model
columns should be presented as point supports with permitted rotations and constraint
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vertical displacements. This way of defining columns is not correct. Point slab support is
reason for singularity and from the theory moments in point supports are infinite. Finite
element solution is approximate and depends on the size of the elements. If finer grid (smaller
elements) is used, precision is increased which means greater values for moments. In reality
slabs are not point supported by columns.

a,=a,=a,=a, =q;

131 2182 2183 2184 :ﬁS

It can be presumed that the part of
the slab which is lying on the column
acts as solid which has same
deformations as end of the column.
Mathematically this means
prescribing same rotations and
vertical displacements to all points
which lay on the area connecting the
slab and column. In final element
method this is simulated using
CONSTRAIN, by equalizing
deformations of those points (in this
example point 1-4) with reference

point (point 5).

Other way to simulate columns is thru elastic supports on points where columns support the
slab. Axial and rotational stiffness is calculated on the columns and they are replaced with
equivalent axial and rotational springs. SOFiPLUS supports both ways of approximating
columns: CONSTRAINS and elastic springs. This example uses the second way of
approximation by applying elastic springs.

W | ICON: Structure Point
MENU: SOFiPLUS - Defined model - Column/Structure Point
Command: SOF_PM_POINT

Structure point dialogue box contains several tabs. First tab General is used for applying the
name of the point/column, dimensions (x and y), positive X axis angle and slab thickness.

[ sorTi structurepone
General | Support conditionsl Spring xl Spring_l,ll Spring zI Column headl Upper Eolumnl Biottom Columnl
Marne: I fingle [Degree]: I 8 |
DimEETER Slab Thickness [m]: |
& [m]: I g [m] | : x
Azzociated area
#| 8| = 2|

x and y are dimensions of the area which approximates column supports. Angle is formed
between local X-axis of the support and global X-axis of the system. Column cross sections
can be assumed from the drawing by selecting column contours.
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Command: SOF_PM_POINT

pick Position (end+cen+int+ext) or [Outer boundary/Point in column]: O

Select Boundary: (Select column boundaries)

or

pick Position (end+cen+int+ext) or [Outer boundary/ Point in column]: P (Select column
interior)

If second option is used, we should be careful to enable clear column surface without other
closed contours. SOFIPLUS recognizes closed contours and defines support point for every
clicked closed contour. In this example first option Select Boundary is used. Selection of
column boundaries is performed the same way as selection of slab area boundaries. So, if
several boundaries are present, neighboring boundaries are selected in clock-wise direction
or vice versa. Columns with circle and user defined cross sections are replaced by equivalent
square columns.

In order to display SOF_PM_POINT effects, following command is activated:

- ICON: Modify Structure Point
,{ MENU: SOFIPLUS - Defined model —» Modify Column/Structure Point
Command: SOF_PM_POINT_M

and columns is selected so as to check/modify its parameters.

Il SOFiSTiK: Structure point [# x|

General | Support conditions I Spring = I Spring y I Spring 2 I Column head I Upper Calumn I Bottam Column |

Marme: IEqumn‘I Angle [Degree]: ID.DD 8 |

Dirnenzion Slab Thickness [m]: |1 A
glmp  [0442478 g [} [0.24247 ﬂ

Azzociated area

Y r Lipply [T Use zelected entities -
ﬂ @ ﬂ J 1 selected automaticly for new selectionset Apply |

Dialogue box in x and y text boxes shows equivalent dimensions of the square column. Enter
slab thickness in the Slab Thickness text box.
Support conditions of the point/column are entered in Support conditions tab.
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* SOFISTIK: Structure point

General Support conditions | Spring xl Springyl Spring zI Colurin headl Upper Columnl Battarn Calunit

Global 7 R [T Py T M Ty T ez
Local s I Py [ Fz oM o Iz [ we

[~ Conshraints: bintersect cutting edaes atI

[ Support is rigid

[ x|

| 9| | 2|

Restrain vertical displacement of the point by checking the PZZ check box.

With the purpose of calculating rotational stiffness, their dimensions and beam heads, if

present, should be entered. Use Upper Column tab to apply these settings.

: SOFISTIK: Structure point & x|
Generall Support conditions' Springxl Spring_l,l' Springzl Colurt head  Upper Column | Bottom Eolumnl
<. Form
Apply settings f -
D S el ’7 " Rectangular " Circular
Diiarneter [m]: ID.5 Length [rn]: 4 Material Properties. . I
End fixity [remote] [Z]: 1 L3 EC2)
#| 3| #| 2|
Button Column
! SOFiSTIK: Structure point [# x|

Generall Support conditionsl Spling:-cl Spring_l,ll Springzl Column headl Upper Column  Bottomn Columin |

: Form
v Wertical spring ’7

Diameter [ra]: IU.5 Length [m]: 4 Material Properties... I
End fisity [remote] [%]: 1 C3EC2)

Apply zettings for [
el 0 " Rectangular & Circular

| 9| = 2|

and Column head.
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Genelall Support conditions' Spring HI Springyl Spiingz  Column head |Upper Calumn | Bottom Columnl

1 Lines [Dim] = 0.00
i Default Settings (Mo Columnn Head) ]| L:::z {E:tq]m’y -0 [DIE],’D 00 [r]

Thickness of column head d ID.E waz K |

Freview: y-Oirection

=
Haunch =2 [m]: ID.B Haunch v2 [m]: IU-E
LColumn head =1 [m]: 05 Column head w1 [m]: 05 V2
! | I

AKTIENGE

® x|

| 3| = 2

Upper column can be replaced with rotational spring (check Rotational spring box), while
lower column can be replaced with rotational and vertical spring (check the Rotational spring

and Vertical spring check box).

SOFiPLUS calculates spring values and they can be shown or edited in Spring x and Spring y

tabs.

* SOFISTIK: Structure point

Generall Support conditions — SPring ® ISpling_l,Jl Spring zI Column headl Upper Columnl Bottom Eolumnl

@ x|

: Spring abeam
Spring (kb | Giap [m.rad) [ Stifress (k/mp |
Crackload I Friction cosff.[-]: I
Frestiess: [RHNM] ™7 ietoad (ki ki | Cobiesion |

Rotational spring 2 0422e+007

#| 9| 1 2|

or Spring z.
* SOFISTIK: Structure point

Generall Support conditionsl Spring :-:I Springy  Spring 2 | Column headl Upper Eolumnl Biottom Columnl

Spring [kM/m]:

Spring abearn
Eeelled] [ Stifness [kN/m]: |
Ftational spring I— Crackload I Friction coeff.[-1 I
Prestrezs: [kh kMm] l— “fietdload [kN kN l— Cohesian: I—

| 9| = 2|

If modifications in circle column characteristics are needed a message box may appear:

SOFiSTIK X

& Imputs for the bottom support are wrong

This message pops up because by default this dialogue box opens as for rectangular column.
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* SOFISTIK: Structure point [F x|

Genelall Support conditions' SplingHI Springyl Springzl Column head  Upper Column | Bottom Columnl

Apply settings § =
pply settings for .
’7 &+ Rectangular  Cireular

Dimension x[m]: 04 Length [m]: 4
ol |0 End fixity [remote] [%]:

taterial Properties. . |

100 C35(EC2)

- [~ Apply ™ Use selected entities
ﬂ @ ﬂ J 1 selected aubomaticly for new selectionzet LI ﬂl

This error occur because y value for dimensions is 0. This error is eliminated by checking
Circular in form field.

When first column is entered Structural Point/Column command remains active and next
structural points or columns can be entered.

If Structural Point/Column dialogue box is necessary to be started several times, input data
may be entered using following options:

ﬁ Save values into registry Data values are saved in the registry.

ﬁ Read values from registry Previous saved data are read from the registry.

5.7 SUPPORTS

By assumption, slab areas are formed as freely supported on boundary edges. Usually,

additional modifications on slab boundary edges are required with the intention of releasing
unnecessary restraints. Modifications can be done by:

5.7.1 Info/Edit and Modify Structure Edge
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% basement.cdb - Animator - o] x|
Eile Edit Reduce 4iew Color Settings Spezial Help

B~RwE|dFTneEEw] xyZ[F [ ¢a %

Ready Structre 4

In this example, inner slab area is supported only by columns (without beams). Therefore,
displacements in Z direction of the inner edges should be released.
For illustration purposes, both methods are shown.

ICON: Info/Edit
'? MENU: SOFiPLUS - Info/Edit...
Command: SOF_GINFO

Select the edge to be modified. Edge can belong to different structural elements, so in the
following dialogue box

SOFiSTIK: Information about Drawing Elements x|
Object from type Structural area belongs to data base BASEMENT.
name Area® Humber 9
Festhaltungen HB
Group Ho. 9
Action 7
$1lab material C 35 (EC 2)

Reinforcement mat. S 588 {(EC 2)
Slab thickness 8.18 TX 8.2 TY 8.2 TXY 8.2 TD 8.2
Dead load L1 PG 1.5 TEHP 8
Imposed load LC 18 PG 3.5 TEWP @
Outer boundary
Edges 9 25 26 23
< Previous | Mext | Todify... |

the right structural element to be modified may not be shown. For example, in this dialogue
box information for one slab area are shown which has one equal edge with the selected
edge. In such cases Next button is used to show the next selected edge. All subsequent
elements are listed until desired edge information are shown.
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Object from type S
name

Festhaltungen
Group Ho.

Action

Slab material
Reinforcement mat.
S$lab thickness
Dead load

tructural area belongs to data base BASEMENT.

Area?9 Humber 9
MB

2

7

C 35 {EC 2)

S 588 (EC 2)

8.18 TX 8.2 TY 6.2 TXY 6.2 TD 8.2
LC1 PG 1.5 TEWP 8

Imposed load LG 18 PG 3.5 TEHWP @
Outer boundary
Edges 9 25 26 23
< Brevious Mext Modify...

Click on the Modify button to open Support conditions tab. Uncheck the PZZ check box

* SOFiSTIK: structural edge

General  Suppert conditions: I Beam I Beddingl Upper WaIII Eattom WaIII

Global [T M Ty T M2

Local T = Bz [T Me o =z = we

Select stuctural edae < |

[~ Constraints:

[ Support is rigid

® x|

™ Use selected entities
far new selectionset

@ ﬁ ﬂ ﬂ 1 selected L gstpolfnaticly

0K | Apply |

and click on Apply to make changes on the edge.

This method is used when structural element information or individual modifications of

structural elements are needed.

Whenever simultaneous modifications of several elements are required much better to use is

the second method for alteration.

- ICON: Modify Structural Edges
B3 MENU: SOFiPLUS - Modify model - Structural Edges
Command: SOF_SOF PM_EDGE M

Select all structural edges to be modified. In the Structural edge dialogue box

{ SOFISTIK: structural edge

General ISuppolt conditionsl Beam I Beddingl Upper Wwall | Bottom 'Wall

Iedge1D

—

Width of suppart 0.00

Mame:

Group number

Aszociated area k |

# x|

™ Use selected entities
far new selectionset

@ ﬁ ﬂ ﬂ 1 selected L gstpolfnaticly

oy |

pick Support conditions tab and change PZZ input as previously described in Info/Edit

command.
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Staircase of the building is limited by two reinforced walls. Reinforced concrete beam is

allocated with cross section: b/h=25/50 sm.

\[] b/h = 25/50

On the slab edge few modifications are necessary: to be replaced with beam and to allow
displacements in Z direction. By Info/Edit or Modify Structural Edge command, select the
edge. Support conditions are modified in Support conditions tab as previously described.

After that open Beam tab,

* SOFiSTIK: structural edge

General I Support conditions  Beam I Beddingl Upper ' all I B ottom 'wall I

Il Cross Section “ariable Cross Section
— ’7 r define....
nio section
Hinges startpoint/endpaint
e Flopy Tlva B Tl Er Fla
B Ew Bz Ew Elw Ee Eez

® x|

Element type
¥ Centric beam

= Beam with reference/pils
) Tiruss element

) Cabile element

) ke cross ssction

I”  Hinges on each beam

@ ﬁ ﬂ ﬂ 1 selected L gstpolfnaticly

™ Use selected entities
far new selectionset

oy |

mark Cross section check box, Cross Section button becomes active and Cross Section

dialogue box is opened,

SOFiSTIK : Cross Sections

Hr I arme:

x|

Hodfy.. |

Delete

OK |
LCancel |

b aterial ... |

| Import .. |

Madiy Egended. |

Delete Al

| Export ... |

where clicking on New... starts the process for creating new cross section. Select Rectangle

from the list
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Cross-gection-values
Plate

T-Beam zection

Circle / annular section
Tube

Cable section

Rolled steel

and enter beam cross section data.

SOFiSTIK : Rectangle Cross S x|
Material [ 1C 35 EC 2) =]
Height [m] |U5—|7 enforced Cancel |
Width [m] [025 W erforced

Material |

IFac:tor far Torsional moment LI |1
IV_I,I Factar for shear defolmatio;l IEI

IVz Factor for shear defolmatio;l IU

I Center of gravity « l

Position of origin:

Reinforcement

I aterial

| 25500(EC2) =

Type of enforcement

Digtance [cm] Area [cm2]  Diameter [mm]
Top |5 Jo |28
Battom |5 Jo |28
St i [B/H/B0/HD 0/50/25/0 cm

AKTIENGE

On edges slab are supported on reinforced concrete walls. Usually this way of supporting
slabs is replaced with fixed supports. More accurate to use is elastic fixing where elastic
stiffness of the support is equivalent to wall stiffness.

Change in contour edge characteristics are done with Info/Edit or Modify Structural Edge
command. To input wall characteristics open Upper Wall tab

: SOFiISTIK: structural edge

Generall Support conditionsl Beam I Bedding  pperiwal | B ottom ' all

Apply settings for

™ %ertical spring

‘wé'all thickness [m]; ID_ 2 Height [m]: 4

® x|

Iaterial Properties... I

End fixity [remate] [%]: 100

C35(EC2)

@ ﬁ ﬂ ﬂ 1 selected L gstpolfnaticly

™ Use selected entities
far new selectionset

0K | Apply |
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* SOFiISTIK: structural edge

Generall Support conditionsl Beam I Beddingl Upper wall  Bottom Wall

Apply zettings for

¥ “ertical spring

Whall thickness [m]: Height [m]: 4

End fixity [remote] [%]: 100

0.2 Material Properties... I

C35(EC2)

[ x|

AKTIENGE

™ Use selected entities
far new selectionset

@ ﬁ ﬂ ﬂ 1 selectsd I Apply

autamaticly

QK. | Apply |

and enter proper dimensions for Wall thickness, Wall Height and End fixity.
If you click on Info/Edit command and select any edge beam you should see that rotational

springs are entered along edge element length.

SOFiSTIK: Information about Drawing Elements

Object from type Structural edge belongs to data base BASEMENT.
name edge2y Humber 24
Mo. of start point 17 End point 16
Support conditions P2

Group Ho. of beams a

Elastic support

Spring 1.6641e+006
Rotationa pring 44376

Applicatio de 7

width X topd 2

Length toph

Fixity top108

Material number top1

width % bottom@d.2?

Length bottomk

Fixity bottom180

Material bet bottoml

< Previous Hext Modify...

5.8 FINITE ELEMENT MESH

Three ways to define finite element mesh are possible.

Automatic
With objects
With macros

In this example first way to define finite element mash is used.
ICON: Mesh Generation

F
ES

=

MENU: SOFIPLUS - Generate - Automatic mash generation

Command: SOF_G_MASHGEN
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SOFiSTiK: Control of Mesh genel x|
— Finenesz of Mesh — Dutput
I axiniun possible length of ID'
element's edge [m]: d I~ Material
[ngfi/:u]ement Factar ; ....... i [ Cross Sections

[ Stuctural Data

[ Modes
—Adaptive Meshgeneration B Fed Bl
[ Aktivate Select lnadeaze. . |

Smallest geometrical distance in structure: 0,986

[~ Beam Elements

™ Boundary Elements
expected emorin 4 a4

eneray [1%]; 5 ™ Wolume Elements

— Expert's Menu
Murnber of relaxation steps [0-10]: |3 ¥ Page numbers
Starting- |33
I-I number

Humber of partiall areas far parallel
computing [1-64];

[ use pelements Farameters |

— Band WWidth Optimization Save Settings |

= Mo % Standard ¢ Estended Defaults |

0K I Cancel | Help |

5.8.1 Maximum possible length of element’s edge
Defines maximum element length. This length is used for automatic mesh generation. As
default length, double value of the smallest geometrical distance is offered. Smaller elements
are required around structural points (supports and short edges).
NOTE: In order to calculate correct moments, one slab area should be approximated with at
least 6 to 8 elements in any direction.

5.8.2 Number of relaxation steps
By selecting more relaxation steps, geometry of elements is improved. We should have in
mind that every relaxation step spends a lot of computer time to calculate and we should
select optimal number of relaxation steps. Usually 3 steps are enough for acceptable solution.

5.8.3 Output
When generating the mesh, output file may be created “Database_name.ER1” where
numerical results are inputted. By checking certain check boxes you determine which data
are inputted in the file.

5.8.4 Page numbers
Enters number of the first page. If check box is not marked, page numbering is not fulfilled.

5.8.5 Activate
If this check box is marked, mesh can be adjusted according selected load case.

5.8.6 Band Width Optimization
When mathematical model is created, node numbering is performed (shall not be
sequentional numbering) and the program itself declares internal node numbers. Calculation
speed depends on the difference between maximal and minimal number of nodes in the
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element (band width). In order to increase the calculation speed renumbering of the internal
nodes is carried out and smaller band width is acquired.

5.9 STRUCTURE CONTROL

Since finite element mesh is generated it is desirable to make visual control. Start the
Animator.

% basement.cdb - Animator

—loi x|

Eile Edit Reduce Yiew Color Settings Spezial Help
B~k E|sETrsBEw|xyzo|¢aa®

Ready

,_ Structure 4

Check the structure using Animator tools.
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% basement.cdb - Animator -10] x|
Eile Edit Reduce ¥iew Color Settings Spezial Help

|ZB~ikw G|e EarnesBE=|xy 25 #0a%

W W gty ety

Ready Structure v

5.10 IMPORT ANALYSIS DATABASE

When generation is finished, finite element mesh is invisible to the user. If the mesh is
required to be visible on the screen, analysis database should be imported.

d'n ICON: Import
MENU: SOFIPLUS - Analysis Data Base (CDB) - Import (.cdb - .dwg)
Command: SOF_GENFIN

Default name of the active database is entered in the Name text box. With the Browse...
button other analysis database may be imported into the drawing. By marking or demarking
check boxes a change in the imported database can be fulfilled. After closing this dialogue
box, program reads finite element mesh and displays it into the drawing. Good control of the
mesh is required as well as mesh density at singular points, points with concentrated loads
and similar critical areas. Unless user is satisfied by automatic generated mash, certain
adjustments have to be prepared in Control mesh generation dialogue box and finite element
mesh generation process has to be repeated. Specific situations demand additional structural
points, edges and etc.
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5.11 ANALYSIS

S| ICON: Analysis
MENU: SOFiPLUS - Analysis...
Command: SOF_G _NUMOUT

In the beginning analysis process requires to specify which output results are going to be
computed.
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 Single Load Cazes
v Analyse
™ Maorlinear deflections

Farameters... |

Output:

[ Loads

[~ Displacements

[ Int. ForcesdMaments at center
™ Int. Forces/Moments at nodes
™ Bedding Stresses

¥ Beactions at Modes

v Distributed Fleactions

AKTIENGE

X|

¥ Page numbers  Start: |1

v Delete Stiffness files after analysis

o]

— Load patterning — Reinforcement Design
V¥ &nalyse v fnalyse
= Punching shear design
" Punching check
™ Mo Punching shear design
Parameters... |
Output: Output:
[ Dizplacements V¥ Design Parameters
[ Intemnal Forces/toment [~ Results of RC Design
: ™ Reinforcement Eroposal
¥ Table of Load Caze ™ Summary of Reinforcement
[ Moments for BT Design
Save settings | Drefault
Cancel | Help |

By marking the check boxes certain options are activated. For example, to display reactions

check the Load pattering check box. Static calculation is performed in WinPS working
environment.

3

e

SOFISTiK WinPs - [

W\DOCUMENTS AND SETTINGS'\ADMINISTRATOR

=1ol x|
Eile Edit Yiew SOFSTK Window Help =18 x|
| & % e e R BB
) ') BASEMENT_SL | rppace =
+ sepp
+ [CADOCUMENTS AND SETTINGS\ADMINISTRA = | Seaich All
[#] del "C:\DOC I _I —I Execute
7| o[ gl 'CADOC | [Tiadu [ter | Enor | wher.. | Time
W <[+ maxima |
ol -+ bemess Execute
: - end x
@ Stop
+T
_T Protocal
I~ (Continue sfter enors ™ Append results
4 _’| ¥ Support Result Wiswer URSULA [ Mo echo print
Ready

4

WinP$S working environment enables full control over the calculation process. Certain
modules can be switched on or off.
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[k

() |3 BASEMENT_SLs| .
------ + sepp

+ |
------ [+] del "C:A\DOC r

e - [+] del "Cpoc |

wif | o *+| maxima [

st | + bemess

il end

T

By clicking on the Execute, analysis process of the structure starts. Particular error or warning
signs appear in front of the module names signaling probable problems and abnormalities
during execution.

IE:'\DEII:LIMENTS AND SETTINGS'\.&DMINISTH&LI Search |

b il | Iter...l E rror |War... | Tirne |
3% sepp 0 £72 Al
¥ maxima 1] 1] 7
;‘ bemess 1] 2 13

User should pay attention on the messages and analyze them with URSULA.

5.12 GRAPHICAL PRESENTATION OF RESULTS

SOFiPLUS disposes of powerful tools for graphical presentation of the results. One of the
tools is GRAFICAL OUTPUT.

@—ﬂ| ICON: Graphical Output
MENU: SOFiPLUS - Graphical Output — Graphical Output...
Command: SOF_G_GRAOUT

When calling up this command offers two options.

: Do wou want to start WINGRAR

To start WINGRAF and iterative creation of drawing book, and
All drawings are defined in advance and the book is automatically created.
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In this example second option is picked (click on No). Graphical Output dialogue box contains
couple tabs which allow appointment of particular drawing parameters for structure,
deformations, static values and reinforcement.

SOFiISTIK: Graphical Output x|

System I Single Load Cazes I Load Patterming I Reinforcement Dezign I

— Structural model

[~ Model [~ Modes Iv Elements [ LCross Sections

—Scale — Paper
' Standard (¥ | andscape
" Masimum " Patrait
" User defined
G- IED ﬂ Sheet: I - I

¥ Page numbers
Teut size: |2 i -
= Start murmber: |1|

Save Settings | Defaults |

Ok, I Cancel Help |

The first tab System serves for selecting of structural elements which are going to be
displayed on the drawing. Also scale, paper layout, text size and starting page number is
adjusted on this tab.

Single Load Cases and Load Pattering tabs determine which static values are going to be
drawn and the way they are going to be displayed (numbers, contours, colored surfaces).
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SOFiSTiK: Graphical Output : x|

System I Single Load Cazes  Load Patterning | Reinforcement Designl

rModes———————— —EBeam elements

V¥ Int. Forces and Moments

[~ Boundary Forces

™ Reinfarcement
™ Displacements

— Quad elements———— — Contours
™ Moments as tensors V¥ Displacements
[ Moments a3 numbers ¥ Bending Moments

[ Moments on cuts ™ Shear Forces
[~ Shear Forces ™| Bedding Stresses
[T Shear Forces o cuts
[ Bedding Stesses
[" Bedding Shesses on cuts [ fill with Colars

Sawve Settings | Defaults |

AKTIENGE

Ok I Cancel | Help

The difference between them is in applying the options on all load case. Such case is Load
Pattering and Single Load Case defines each load case separately.
Reinforcement Design is used to define the mode of displaying reinforcement in slab

elements.

SOFISTIK: Graphical Output

Syzbem I Single Load Easesl Load Patteming  Reinforcement Design |

— Quad elerents——— [~ Contours

Bending Feinforcement
B S velies e [~ User defined steps
Main(T1, B CrossT2E2] lain T 21) Doz (T2.82)

Top [0 0 Top I.t’-'«utu ;I I.t’-‘n.uto ;I

¥ Bending Reinforcement

Bt |0 ] Bt I.t’-'«uto LI IAutu:u ;I

r Bending Bemtarcement [ Shear Reinforcement
e ™ User defined steps

™ Shear Reinforcement Steps Iﬁulo vl

r E:.Ear Fieintorcenment on I fill with Colors

" Design shear stress Define Contour steps... |

— Monlinear dnalysis
[T Cracks [T Deflections

[" | Bending Fenforeement

Save Settings | Defaults

0k I Cancel Help
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When Graphical Output dialogue box is closed, WinGRAF module is started automatically
and drawing book is created. When WIinGRAF finishes the procedure, URSULA is started and
allows review of the drawings.

A SOMISTIK Ursula - [CHDOCUMENTS AND SETTINGS \ADMINISTRATOR \DESKTOP | ZGRADA \BASEME =10 x|
[ Eike Edlit View Exiros SOFSTE  Window Help IR
| & | & (& E ] ol B X FB B RS e e SEEYR| T
Corlerts =
—d BASEMENT_GRAFLE
W GREF H
8 Pictue: ELEMENTHUMMERN 4
18 Prcture. AUFLAGERKRAEF TE ROMPONENTE
4] Fichur: A1IFLAGERERAEFTE EOMFONENTE
4] Pictuae: STABMOMENTE MY LF (29 b
145 Pictuae: STABQUERKRAFT OZ LF 0311
8 Patae: VERSCHIEBUNG V2 LF 525 Me
4] Fichae: VERSCHIERLING 7 LF 808 Ml
b ] Fichae: [T ENT M- 801 §
8 Puclae. BIEGEMOMENT M3 LF 802 b
4] Fchae: BIEGEMOMENT M vy LF 803 4
145 Pictuae: BIEGEMOMENT MY LF 004 b
8 Patae: DRILLMOMENT M3 LF 805 b
4] Fchae: DIRILLMOMENT M3 LF E0E b
188 Pictue: BEWEHRAUNG OBEH IN KNOTEN UN
18 Poclue. BEWERRUNG UNTEN IN EROTEN U
4] Fichae:  BEWEHRUNG UNTEN| 0] BEMES
8] Pictwe:  QUERDEWENRUNG UNTEN] 909
18 Pclas.  BEWERRUNG OBEN| U) BEMESE
@] Pichar:  QUERAFWEHRUNG OREN| 908

“ | B KN 3

Ready. \Seite 0719 R% -

URSULA working environment is divided on two parts. In the left part contents of the book is
shown and on the right part selected page in the list is displayed.

5.13 VIEW AND PRINT RESULTS

SOFIPLUS creates several resultant files. Review of the files can be done by the following
command:

5 ICON: View and print
é MENI: SOFiPLUS - Tools - View and print
4 Command: SOF_G_TYPED

In the file list select the file you want to review or print.
File to view 2] x|

Lok jr: IEZgrada =] = £ ER- alll

=)BASEMENT _LFD.ERG
B SEMENT _MSH.ERG
B ASEMENT _SLa.erg
D EASEMENT_STB.ERG

File hame: DOpen

Files of type:  |*.eng LI Cancel |

Locate | FindFie.. |

5-126 SOFiPLUS_Tutorial_IGH.docf



AKTIENGE

For example, if you select BASEMENT _MSH.ERG file, finite element mesh file data is
opened.

B BASEMENT _MSH.ER(G - SOFISTilK SPRINT =l
File Wiew Info
= EIRAE)
SOFiSTiK AG  * License Ho. 41408:081 ﬂ
SOFiMESH - METZ GEMERIERUMG {VU108.78-99) 11.685.82 Seite: 89

Podrumska ploca

Ebene Elemente

Grp Hummer Knoten Knoten Knoten Knoten MHr t[cm] CLkH/m3]
1 18841 286 458 454 453 1 18.688
1 18882 458 26 451 454 1 18.688
1 186883 451 25 452 454 1 18.688
1 1088684 452 287 453 454 1 18.688
1 188685 26 L] 4R L LY 1 18.688
1 1808686 usa 286 455 4S8 1 18.688
1 18867 455 285 456 4S8 1 18.688
1 18888 456 212 L) 458 1 18.88
4 4nann anz ncn nao wcc 4 40 an

Other files in this example are:

BASEMENT_LFD.ERG - load data
BASEMENT_SLA.ERG - load coefficient data
BASEMENT_STB.ERG — beam dimensioning data

It is interesting to make a comparison between different models of a structure. To be able to
see the differences between models the same slab structure is examined, but the columns
are molded with point supports and the reinforce concrete walls with fixed supports. To
indicate other SOFIPLUS possibilities few changes in molding the slab around staircase are
made.

First by command:

ICON: 1/3 Line

|
— MENU: Soils - Defined model - Auxiliary Line — 1/3 Line
— Command: SOF_DRITTEL-LINIE

-

-1

structural lines of inner walls of the slab are drawn.
Those structural lines are placed on layer: X __ AUFL

|2 s|vasSux_ar o

With AutoCAD command Line lines are drawn between columns and between columns and
walls. Those lines, using AutoCAD command Match Property or using the command:
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ICON: Copy to structural Layer

MENU: SOFiPLUS - Defined model - Auxiliary Line — S Copy to
— structural Layer

Command: SOF_DRITTEL_LINIE

are transferred on layer X__AUFL and are transformed in structural lines.

By the command:

ICON: Structure area
MENU: SOFiPLUS - Defined model - Structure area
Command: SOF_PM_AREA

R

structural areas are created and by the command:

ICON: Opening
El MENU: SOFiPLUS - Defined model - Opening
Command: SOF_PM_HOLE

opening in the center of the slab are formed. Thereby parameters for the slab and loads are
entered: Geometry (d=18 cm) and Loads (Dead load 1.5 kN/m? and Impulse load 3.5 kN/m2).
In the next steps several modifications of the area 8 are made, with the purpose of adapting it
according the staircase.
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First two edge lines are going to be divided on two parts.

S ICON: Split edge
* MENU: SOFIPLUS - Modify model - Split edge
Command: SOF_M _EDGE_SPLIT

Command: SOF_M_EDGE_SPLIT

structural edge (end+mid+int+nea): mid

of

pick Point on edge (end+mid+int+nea) or [First point]: mid
structural edge (end+mid+int+nea): Return

As a result structural edge is divided on two parts and at intersection point new structural
point is inserted. Likewise, outward structural edge is divided on two parts. New structural
edge is drawn, connecting both new created points.

ICON: Structural edge
MENU: SOFIPLUS - Define model - Structural edge
Command: SOF_PM_EDGE

This new structural edge divides area 8on two parts. SOFiPLUS recognizes new closed
contours and transforms them in structural areas. Loads on Areas dialogue box is opened
automatically to enter loads for the new area.

SOFiSTiK: Loads on Area: x|

—Dead load

Select Load Caze ... |

Load in direction af gravity [kM/m2]:

Temperature Difference [*CL

— Impoged load

I.I_
e
—
Select Load Case . | [
e
—

Load in direction of grawvity [kM/m2]:

Temperature Difference [*CL

¥ Increment loadzases automatizally

[~ Dot shov thiz again

Cancel Help

Starting the command SOF_PM_EDGE a dialogue box opens and new characteristics of
edge lines are entered. This line should represent fixed support or support which can accept
vertical reaction and moment. To input these characteristics open Support conditions tab and
mark boxes in front of PZZ and MX.
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7 x|

t SOFISTIK: structural edge

General  Support conditions |Beam I Beddingl Upper W'al\l EUltUmW’aIII

R IR MIFZZ T M Wiy I M2

Local T B¢ TRy rrz W MX Ty == I= vz

[~ Constraints: Select structural edge <

™ Support is rigid

Global

23| |

Areall

Area 8 is supernumerary. There is no slab in that area and it should be deleted. Deletion is
done by simple AutoCAD command Erase. One more modification has to be done. Lower
edge lines of areas 9 and 10 should be moved to adjust on the architecture of the structure.

Areall

Use AutoCAD command Stretch to move point P1 to P2.
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When slab areas are formed, edges are freely supported.

In this example, inner edges should be restrained from displacement in Z direction and
contour edges should be transformed in fixed supports.

- ICON: Modify Structural Edges
B3 MENU: SOFiPLUS - Modify model - Structural Edges
Command: SOF_PM _EDGE_M

First select the inner edges and check the PZZ box.

+ SOFISTIK: structural edge [# x|

General  Support conditions |Beam | Eeddingl UpparWaHI Bnttnmw'a\ll

Global 7 R TPy CPZ2 Tk Wy bz
Local IC B [T Fr (== e Tomw Elz I~ we

I~ Conshaints: Select stuctural edae <

I Support is rigid

Y [~ Apply [~ Use selected entities
ﬂ ﬁ ﬂ J 15 selected automaticly for new selectionset ﬁ ﬂ

In the next step contour edges are transformed as fixed.
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+ SOFISTIK: structural edge [# x|

General Support conditions |Beam | Eeddingl Upperw'al\l Bottomw'a\ll

Global TR T Rre FFzZ IFikkx M Twzz
Laocal Fre T TFE FMMd Tw Tz I~ wez

I~ Conshaints: Select stuctural edge <

™ Support is rigid

| ® | I~ Lpply I™ Use selected entities -
ﬂ m bl 9 selected automaticly for new selectionsat Closz Al

At the end edge between inner reinforced concrete walls is replaced by reinforced concrete
beam with cross section ([] b/h = 25/50).

: SOFISTIK: structural edge [# x|

Gsnalall Support conditions  Beam |Bedd\ng| Upuelw'a\ll BUllUmWaHl

P =

Varisble Cross Section Elementtype——————————————
r e | < Centnc beam
= ™ Beam with referencepile

| Tiuss element
= Cablz element

B/H/BOHD 0/50/25/0

FCwe Tw Twe T T T T owe
T Tw Twe N Ty T e

" like cross section

"Hnges startpoint/endpaint

[~ Hinges on each beam

- ™ Apply I™ Use selected entities
ﬂ @ ﬂ J 1 selected automaticly for new selectionsst LI ﬂl

Further columns has to be entered. As stated before, in this example, columns are replaced
with point supports (restrained displacement in Z direction).

- ICON: Modify Node
fi MENU: SOFiPLUS - Modify finite element - Node
Command: SOF_GKNOTMOD

Select support nodes and in the Support conditions tab check PZ box to restrain
displacement.

FixEal? @eeeaa@a s
= d|a?l v xx rEEa=an
Oxbd [ T FRZ s F e
(PR ol lf i o rg re r r R %
I Cormvarts 4‘ R
I St im il ‘\\
P / u,
] 3 5] 2] 7o T, T i s N
e o / "
L _" < Loty .\. .:I,
) e \/}9—
&~ I
iy — T
' - 3 i
&Br 5 / ) \ e
A { - }
i ke /
| @ ~— &
o A
A " A
s % i %
4 i\-.\ o ;,"/
. N y
ke " \l\ f
’:' V> N, f'"
- N ;
O d ¥, /’
alsl

Final look of the mathematical model is shown in this picture.
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The remaining steps in the analysis (finite element mesh generation, analysis, graphical
presentation of the results) are the same as previous model and are not repeated here.
Typical differences in both models are in points above columns and contour edges.
Therefore, make two sections through these points and compare the results. Results are
graphically presented in WinGRAF.

ICON: WinGraf
MENU: SOFiPLUS - Graphical output - Graphical Output...
Command:

Start new sheet in WinGRAF.

ICON: New Sheet
Q MENU: Edit - New Sheet

On the new sheet structure contours with supports are drawn. Draw two cut lines to view
bending moments.

F ICON: Create Cut
MENU: Edit - Cuts - Create

Command:

Create cuts above Area Element

From point: (Click on the first point of the line)

To point: (Click on the last point of the line)

Two lines are drawn: first passes above the column and the second between columns.
Results are drawn using following command:

ICON: Draw Results
e MENU: Select Draw Resdlts...

In the dialogue box select:
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Draw results x|
Select | Teut |
Element Fesultgroup Fiesultype
Modes tain bending-moments -
Boundaries Error estimates forces tain bending-moment |
Shresses tain bending-maoment 11
Beams M ain tension/compressi | Bending-moments in local directions
Spring elements | Design Bending moment in local =

Optimurn of elementsize | Bending moment inlocal p
Torsion moment in local =

Bending mament m-nn .
Bendina rmarment m-tt
RS R il

Loadcase Representation

[ TDeadloa | [Filled Cut a|

Extreme Wal-12.198 .. 4.010 kNm/m

" Lsger defined unit |1 0.000000 kMmdm=1cm. | Mo discontinvity

7 M aviun in e Eactars
% Dgfault Differences
Wectordesian,.. | Areadesign... |

Structuredesign. .. |
Linedeszign... | lzolines... | Fill-&rea... |
ak. I Cancel | Help I

Element Area elements
Resultgroup Forces

Resulttype Bending moment m-nn
Representation Filled Cut

Loadcase 1: Dead load

Normal moments are drawn on the sheet. To get the best view zoom the area around lines.

[3 ICON: Box
— MENU: Select » Box

Command:
Choose Box.1 Corner: (Draw rectangle to represent new view port on the drawing)

Bending moments along both cut lines for both models are presented:

Columns molded with elastic springs:
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Columns molded with point supports:
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Twice dense finite element mesh:

Columns molded with elastic springs:

-14 0l -16 0d -18 0d

-12.00

Columns molded with point supports:

-1 BS

k'

-0.E518E-1

0.0124% p 514

2
5

-16.00 -1E OO -1g.00

-1% 00
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COMMENT: Model with the elastic springs shows lower dependence from mesh density. At
point model, owing singularity of the moments, moment values at supports are increasing as
far as finite element size is decreasing.
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6. Example 3 : Platform Il

This is a further extension of EXAMPLE 2:

Geometry of platform Il is shown on following sketches.

Grid & Column Distribution

Central part has girder-less roofing supported on circle columns. Roofing on its contours is
supported on reinforced concrete beams placed over rectangular columns. Central part of the
slab has circle opening. Staircase area is designed as Platform I.

6.1 AutoCAD preparation

Finite element mesh will be created by AutoCAD objects. For this purpose user should
knowledge about have basic AutoCAD functions for creating 3D surfaces. Main purpose of
this example is to present SOFIPLUS possibilities without taking care about optimal solution
and critical attention to finite element mesh.

It is recommended to create several auxiliary layers for lines, surfaces and etc. This style in
preparation process, provides bigger control over the drawing.

Several auxiliary lines are drawn in this preparation phase. This lines should create closed
rectangular areas (rectangular edges may not be straight). They are placed on layer named
POMOSEN. 3D surface is created for each element. In this example following AutoCAD
command is used:

ICON: Edge surface
-::?::' MENU: Draw - Surface — Edge surface
Command: RULESURF
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This command creates surface by moving one line over two other lines. This command has
two variables: TUBSURF 1 and TUBSUREF 2. This variables define mesh density in both slab
directions.

In the applied method for creating finite element mesh, size of the variables defines mesh
density.

First finite element mesh for central array is generated. Divided parts have density of 9 parts
in longitudinal and transverse direction.

Command: SURFTAB1
Enter new value for SURFTAB1 <8>: 9
Command: SURFTAB2
Enter new value for SURFTAB2 <2>: 8

Now, generation of surface is done. Surface edge selection schedule is shown on the picture.

-3

>4 =

-1

Command: _edgesurf

Current wire frame density: SURFTAB1=9 SURFTAB2=8
Select object 1 for surface edge: (click on point P1)

Select object 2 for surface edge: (click on point P2)

Select object 3 for surface edge: (click on point P3)

Select object 4 for surface edge: (click on point P4)

First surface has been created.
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In the next step second surface over the lower beam is formed. You should be careful on the
edge division number which merge to remain the same. Thus, same division of parts are used
in longitudinal direction and only variable that defines divisions in transverse direction of the
beam is changed. (minimal possible number 2 is used).

Command: SURFTAB2
Enter new value for SURFTAB2 <8>: 2

Surface edge selection plan is shown on this picture.

& 5~ P4

Second surface has been created.

This process continues until all characteristic surfaces of the segment are created.
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Base segment is regular octagon, created from eight equivalent segments. The remaining
segments of the slab will be formed by copying them with circle array.

ICONA: Array
EE MENU:  Modify - Array
Command: Array

Command: array

Select objects: 1 found

Select objects: 1 found, 2 total

............ (select all surface segments)

Select objects: Return

Enter the type of array [Rectangular/Polar] <R>: P

Specify center point of array: _cen of
Enter the number of items in the array: 8
Specify the angle to fill (+=ccw, -=cw) <360>: Return

Rotate arrayed objects? [Yes/No] <Y>: Return

RECOMMENDATION: It is useful to close all layers except surface and central circle layer,
before using Array command. Auxiliary lines should be precisely drawn, so inspected
segment is supposed to represent 1/8 of circle.

As a result of Array command whole central surface is covered with surfaces.
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6.2 CREATION OF FINITE ELEMENT MESH

Finite element mesh is created by using AutoCAD objects (surfaces):

ICONA: Generate with objects
ﬁ MENU: SOFiPLUS  Generate - With Objects
Command: SOF_GNETGEN

In the dialogue box

.l

= BEAM Beam elements
{=! TRIS Truss beam elements
! BOPE Cable elements
Minimum edge length [m]: 0.000
Group Mo.: D
¥ Break entities on intersections

ak I Cancel | Help |

select QUAD (quadrilateral area elements are generated). If you specify value for Minimum
edge length, only smallest element size is will be defined. This is usually used for filtration, in
case some small elements are not supposed to be taken in the mesh. Created elements may
be located in a groups (Group No. option). Break entities on intersection should be checked in
order to acquire line intersection nodes. Program itself searches for intersection nodes on
lines, arches and polygonal lines, generates node points and creates finite elements between
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these node points. Merging lines are not taken under consideration. A message like this pops
up,

@ Explode selected Polylines
respective Polymeshes?

to determine if polygonal lines and meshes are going to be deleted from selected set (answer
Yes). Generation is finished after answering the question about first element number to be
generated with this task.

Select objects:

First Element number<1>: Return

Searching intersections ....
Treating partial-lines ...
Making Elements ...

6.3 CREATING FINITE ELEMENT MESH USING MACROS

SOFiPLUS offers several possibilities for creating finite element mesh using macros.
Quadrilateral areas can be created combining different lines and points.

Positive side in generating finite element mesh using macros is creating the mesh directly
without using auxiliary lines. Node points which are previously generated on edges, are
recognized by a macro and for those edges information about number of elements are not
needed.

ICON: 1/3 Line
D MENU: SOFiPLUS - Generate - With Macros
Command: SOF_G_DOL
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With this command user can create quadrilateral, beam, truss or cable elements. Selection is
done in the dialogue box which is called up after this command.

SOFiSTIK: Element Generati i[

requested element type
* QUAD Area elements

= BEAM Beam elements

) TRIS Truss beam elements
(" BOFE LCable elements

kinimumn edge length [m]: 0.oo0

Group Mo IEI

[~ Break entities on intersections

Cancel | Help |

In this example, slab system is examined, therefore TRUSS (Truss beam elements) and
ROPE (Cable elements) are not available. First finite element mesh is created in the slab area
which lies over the column using the option 4Lines.

Command:

Determine input order <4Lines>[4Lines/3Lines/2Lines/1Pt 2lines/2Pts
1line/4Points/Element type/Help...]:

1. Pick line: (select first column line)

2. Pick line: (select second column line)

3. Pick line: (select third column line)

4. Pick line: (select fourth column line)

If lines are selected correctly, SOFiPLUS marks the contour

and asks user for verification of desired geometry:
Geometry as desired? [<Yes>/No]: Y

In the next step mark the rectangle edge to input number of elements to be created on the
edge. In this example, one element is adopted for the first edge.
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Enter number of elements: 1

Next edge is marked to input number of elements.

Enter two elements for this edge.
Enter number of elements<1>: 2

Enter number of the elements for the remaining two edges. After that SOFiPLUS displays
messages to enter odd and even number of elements.

Enter odd number of elements<1>: Return
Enter even number of elements<2>: Return

At the end enter the first element number from the group to be created.
First Element number<1763>: Return

Mesh created for the selected edges is shown on the following draft.

Finite element mesh for beam element is also created by macro command. Other option is
used: 2Lines
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Command:
Determine input order <4Lines>[4Lines/3Lines/2Lines/1Pt 2lines/2Pts
1line/4Points/Element type/Help...]: 2L

1. Pick line: (select upper beam edge)

2. Pick line: (select downward beam edge)

Geometry as desired? [<Yes>/No]: Y

Enter number of elements<6>: 6 (number of elements of the upper edge)

Enter even number of elements<6>: (humber of elements of the downward edge)

In this case SOFiIPLUS recognizes previously defined elements on other two edges and
accepts that number.

First Element number<1765>:

Finite element mesh in other parts of the structure can be created by objects or macros. This
procedure is already described in previous lines, so only final look of the mesh is presented.

6.4 CORRECTIONS IN FINAL ELEMENT MESH

In the actual structure opening is present in the center, where staircase is situated. In the
mathematical model finial elements in that area have to be erased. Deletion is done by simple
AutoCAD command Erase. Click on the Erase button and click to select all elements to be
erased. After deletion mathematical model looks like the one on the picture.
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During finite element mesh creation, on few edges elements of neighboring areas do not
match.

Points from both meshes have to be compatible. For this purpose, AutoCAD commands Move
and Stretch are used. First move the points P1, P2 and P3 to match points P1 and P4.
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On the same way points from the slab where no matching of elements on neighboring areas
are present, are modified.
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6.5 CONSTRAINTS

CONSTRAINTS stands for connecting several points to reference point, so that points have
same deformation as reference point. In this example points from the contour are connected
with the point in the center of the column (reference point).

‘-. ICON: Constraint
M MENU: SOFiPLUS - Create Finite Element - Constraint
Command: SOF_GKOPP

Command:
nodes to couple
Select objects: (select contour points of the column)
Reference node (end+cen+nod+int+ext): (select center point of the column)
Type of constraint [KPZ/KMX/KMY/KP/KL/KQ/KF]: KP
(KP match by all deformations of the slab)
nodes to couple
Select objects: (continue with other points where CONSTRAINTS has to be entered)

During finite element mesh creation with commands Generate With Objects or Generate With
Macro, node points in the mesh are freely supported. Displacement of the reference point on
the column should be restrained. Use Modify Node or Info/Edit. In this example first command
is used.

F ICON: Modify Node
,-"::. MENU: SOFiPLUS - Modify Finite Element — Modify Node
Command: SOF_GKNOTMOD

In the following dialogue box
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SOFISTIK: Modify Nodes x|

— Object:

Add ¢ | Remove < | Mark < |

1 selected Copy Properties < |

Mark nodes with selected restraints < |

—Restraints——— [~ Edit single node
I~ Modify [~ Madify
I~ todiy Mode Mao.:
v Modify Internal Mr.: 138
[~ Modify Coordinates X:
I Moy e
[T Modify 2 lw‘

Ok I Cancel I Help |

mark PZ check box to restraint node to move in Z direction, namely to accept vertical
reaction.

When reference point is set, it can be deleted from the drawing. If reference point is not
already created, you can create it with previous command.

New created point

By doing this, deformations for contours are connected with center points of the columns in
the structure.
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6.6 BOUNDARY ELEMENTS

Boundary elements are used for line supports. User enters first and last point of the line
support. Automatically all nodes which lay on that line are recognized by the program and
prescribed deformations are applied. If line supports have to be entered on circle arch, nodes
are entered one by one.

ICON: Boundary Element
rr MENU: SOFiPLUS - Create Finite Element— Boundary element
Command: SOF_GRAND

Command:
First node of boundary element (end+mid+nod+int):
(click on point R1)
Last node of straight boundary element (end+mid+nod+int): (click on point R21)
Support direction [CZ/DX/DY/DN/DT]: DN
Spring constant at start in kN: 15000
(Rotational stiffness of the wall in point R1)
Spring constant at end in kN<15000.0000>:
(Rotational stiffness of the wall in point R2)
Name of boundary element: Bound1
Connect found intermediate node? [<Yes>/No]: y
Select additional intermediate nodes
(additional nodes are not entered)
First Boundary element No.<1>:
First node of boundary element (end+mid+nod+int): Return
Refer. point (end): Return

Few types of constraints of the contour elements are possible:

SOFiSTIK: Support direction El

) 0% Suppart in alobal #-direction

Ly Support i alobal r-direction

[ Support in global Z-direction

EH Suppartin longitudinal dir. [a=iEl force]
ET Suppart i bath frans, directions

[0 Fixity about the global *-direction

[ Firity about the global *v'-direction

[ Firity about the global Z-direction

i Bt B e Bt Bt B Bte

DM Fiwity about longitudinal dir

73

DT Fixity about both tranz. directions

QK I Cahcel

If Name of boundary element is not entered, program inputs blank name to avoid errors in
static program. All reactions contained in this line support in the program for static calculation
are distributed along support length.

Line support for second wall at the staircase is created on same way.
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Constraint type DN creates elastic rotation along the line. Limited vertical displacement
should be added to this displacements. Using Info/Edit or Modify node vertical displacement
in nodes along the line support should be constrained.

6.7 BEAM ELEMENTS

On the outward contour of the hallway, slab is supported on beams. Those beams have to be
entered in the model.

ICON: Beam
£ MENU: SOFiPLUS - Create Finite Element— Beam
Command: SOF_GSTAB

Command:

Start node (end+mid+nod+int): (Start node of the beam)

End node (end+mid+nod+int): (End node of the beam)

Connect marked intermediate node? [<Yes>/No]: Y

(Intermediate points between start and end node are recognized by the program)
First Beam No.<1>: 1

Section number<1>: 2

Start node (end+mid+nod+int): (Continue with other beams)

Beam elements passing above outward columns in central slab are created in the same
manner.
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6.8 MODIFYNG THICKNESS OF AREA ELEMENTS

Area elements created by objects or macros have equal thickness as assumed (in this
example 20 cm). Usually this thickness is not equivalent to real and should be changed.
Modification is done using Modify Area Element or Modify Area Element Variable. First
command is used whenever modification is permanent at whole selected slab area and the
second command when slab has variable characteristics (variable thickness, placenta and
etc). In this example, slab thickness should be changed to 18 cm.

r ICON: Modify Area Element
MENU: SOFIPLUS - Modify Finite Element - Area Element
Command: SOF_GQUADMOD

After activating this command, elements to be modified have to be selected. In the example,
select all area elements. After selection, enter slab thickness 0.18 m in Dim edit box.

SOFiSTiK: Modify Area Elements 4 x|
add< | Bemave < | Mak< |
2030 selected Copy Propeties <
Dieotion of local s
I~ Mody Slab. Show angle <
™ Mody Eeinforcement e
I Mody Group Ho ]
B I Modity
I Modiy Elem.thk [} S —
g
b S —
fbeam  [kN/ 1
Tangential [KH/r]: 1 z [9993a.00
~Active patts of element ligy
[~ Modfy W Elate patls I Modly ¢ op
T Membrans parts & Cente
[T Rerpendioulariotational parts  Bottom
- Edit single ek
Element o [ Heeez [ noees ||
Cancal Help

To control input data use following command:

3 ICON: Info/Edit
d MENU: SOFiPLUS - Info/Edit...
Command: SOF_GINFO

to display element information for clicked area.
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SOFiSTIK: Information about Drawing Elements x|
Object from type Area element belongs to data base PLATFORMA II.
Element number: 2949
Hode H1: 2163 9.1747 -46.26085 8.00488
Hode H2: 2164 B.6632 -45 782y 8.00488
Hode H3: 2169 9 4775 -44 8881 8.00488
Hode HAi: 2168 18.8356 -45 3996 a._8048
Haterial number: 1
Reinforcement. Mat. No.: 2
Action: 9
Hean element thickness [m]: 8.1888
Thickness in K1 [m]: 8.1808
Thickness in K2 [m]: 8.1808
Thickness in K3 [m]: 8.1808
Thickness in K4 [m]: g.1880
Bedding [kN/m*]: 8.0080
Tangential bedding [kH/m*]: ©.8088
Direction vector x-axis: 1.0668 ©.06080 #.00888

LCloze HModify...

6.9 LOADING

During finite element mesh generation by objects or macros, load cases are not automatically
created. First use Loadcase Manager to define load cases and then apply all loads acting on
the slab.
~ | ICON: Loadcase Manager
. MENU: SOFiPLUS - Loadcase Manager
Command: SOF_GLFMOD

Two load cases are analyzed.

{ S0FISTIK: Loadcase-Manager

|Current Loadcaze: 2 [Imposed Load)

\l M. | Diezcription | Kind of Load | Tppe of Load | Load.. | Shat | Com... . . .
W1 Dead Load General Loa.. G Dead Load 1.000 1000 1.000 1.000 1.000 1000 1350 1.000
§2 Imposed Load  GeneralLoa.. Llmposedload 1.000 0000 0700 0700 060D 0000 1.500  1.000

W Increment loadeases automatically

|Se\fweight Pos. Z-axis |Standard: EC_2 QK i LCancel | Help |

Enter SW factor 1.00 for the first load case. It indicates that for this load case self weight of

elements is automatically calculated and participates 100% in defining loads. As a result of

other loads which act on the slab, it should be loaded with additional load of 2.00 kN/mZ. To
enter this load, make first load current in Loadcase Manager. Select first load case and click
on Current button.
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ICON: Free Area
“%‘ MENU: SOFiIPLUS - Create Loads - Free Area
Command: SOF_GBLAS

Enter load parameters in the dialogue box.

SOFiSTiK: Create free areaload [F x|

Load value F1: [kM ] 200 Mare of laad: I
Load value P2 [kMAwe]  [200 Loadcase: I'I vl

Loadtype | Load L” PG - Load in gravity dilELI

Load walue P3: [kM /] 200

Load value IF'4 - | [kM/ré]
v UDL Direction of projectiorn: JECER - prajectes_x |

[~ simplified Representation Talerance width I
P [T Use selected entiiez. I &pply
ﬁ ﬁ' E ﬁ i far new selectionzet automatich

U.D.L. (Uniform Distributed Load) check box is marked so load is uniformly distributed. In the
edit text box enter load value 2.00 kN/m®. Select load direction in Loadtype combo box as
gravity direction. Pick for nodes on the screen to form rectangular area which covers the part
of the slab to be loaded. Area may go out of the slab contours and the program automatically
computes loads on area elements.

PG - Load in gravity direction
FZ - local load 2

Group- ¢ reference number | P22 - global load 2
FZF - global load related to £

Reference Type

!

<

To retain visual control over the process, loading area is hatched. Load area is drawn on
layer: X__B001_PLATFORMA Il. To preserve bigger visual control over the loading areas it is
desirable to close this layer before other loadings are entered for the second load case.

For the second load case two uniform loads are entered. Central part is loaded with 7.00
kN/m? and the staircase are with 4.00 kN/m®. Make second load case current from the
Loadcase Manager. Activate Create Loads — Free Area and enter load parameters.
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SOFISTIK: Create free areaload

I?.DD

Load value F1: (kN /m] Mame of load:
Load value P2: [kWAwe] |70 Loadcase:
Load valug P3: [kM ] 7.00

Reference Type
=z oali | [l [l ‘ Group- £ reference number

Direction of projection:
[ simplified Representation

| 3| 5| 2

Tolerance width

[T Use selected entities. [T &pply
fior e selechionset

Loadwpe I Load - I F<Z - global load £

autanmaticly

N
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I.-’-‘«UTD - automnati vl
¥ al I
IELEM - projectec vl

Command:

pick 1 cornerpoint (end+mid+nod+int) or [Enter polygon]: e

(Loading area is polygonal)

pick 1 cornerpoint (end+mid+nod+int): (First polygon point)

pick 2 cornerpoint (end+mid+nod+int) or [Undo]: (Second point)

(click all polygon points)
Refer. point (end): Return
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Central part is loaded with uniform distributed load with intensity 7.00 kN/%. Enter hallway load

on the same way.
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Staircase transport line load on the slab with intensity of 10.00 kN/m?.

ICON: Free Line
T|:|j' MENU: SOFiPLUS - Create Loads - Free Line
Command: SOF_GLLAS

Enter load parameters on similar style as for area loads.

SOFiISTIK: Create free lineloads & x|

Load valug P1: [kM /)] |1 0.00 Marne of lnad: I
Load value P2: [kHm] IW-UD Loadease: |2 vl
Loadtype | Load bl F=Z - global lnad 2
W UDL voe | :
Reference Type I.-’-\UTD - automati I
Group- £ reference number ¥ Al I
Drirection af projection: IELEM - projectec * I
[ simplified Fepresentation Teallersrizs wiEl I

P [T Useselectedentities [T Zpply
ﬁ ﬁ E ﬁ : for new selectionsst autonmaticly

Line load is placed on polygon which covers circle arch at staircase area.
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Loads from the second load case are drawn on the layer: X_B001_PLATFORMA II.

6.10 EXPORTING DATABASE

Before running the calculation, element and load data have to be saved in the analysis
database. It may be good idea to control database for complex structures.

ICON: Export

& MENU: SOFiPLUS - Analyze Data Base (CDB) - Export (.dwg - .cdb)

Command: SOF_GENFIN

SOFiSTIK : Export x|

— Tupe aof output — Range of expaort

(" Database .CDE v Export system

I~ Export load data
" ASCIFiles .SYS and .LF Load pases,, | Al
: I W

— Dutput for program 7

" STARZ/3 {« SEPF [Platte] " SEPF [Scheibe]  ASE
v Mark nodes with distance <= m frarn each other
W Camect without prampt ¥ Correct without screen marking

[ Pagenumbers Startnumber;

Marne it drawing: PLATFORMA Il Databases avail: I = I

Output-file: EZERADEELETEORME [

Select outputfile,..

Ok I Cancel | Help |

During control some mistakes are eliminated. For example node duplication, deleted nodes

from elements are retrieved and etc.
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SOFiSTIiK: Export x|

"

Frange ot

— Tupe of output
Flata base COB [ Expart spstem
[V Export load data

= ASCI-Files Al

Load cases...

[V Erint and optimize

£ Check run [no autput)

— Output for program

" STARZ/3 + SEPF [Platte] " SEPF [Scheibe] " ASE
W Mark nodes with distance <= 0.0000 m from each ather
[ Correct withaut prompt v Comrect without scresn marking

v Pagenumbers Startrumber:
Hame in drawing: PLATFORMA Nl Databases avail: IPL.&TFDF!M:A T l

Dutput-file: ENZGRADANVFLATFORMA ||.CDB

Select autput file... |

Cancel | Help |

After control is accomplished, database is exported again. Drawing data are placed into the
analysis database and ready for further processing.

6.11 ANIMATOR

It is advisable to run visual control of the structure before analysis is performed.

. ICON: Animator
E' '::a Command: Animator

When visual check is under progress, pay special attention on supports.

From this control it is obvious that displacements of two columns are not correctly assigned in
the mathematical model. Make necessary corrections in SOFiPLUS. Activate following

command:
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~ ICON: Info/Edit

d MENU: SOFiPLUS - Info/Edit...
Command: SOF_GINFO

Select node which is modified.

Endpoint

2

Enter the modification in the dialogue box. Program may not recognize this node point. Click
on the Next to display all objects which contain selected point. When node is displayed in the
dialogue box make the change,

SOFiSTiK: Information about Drawing Elements x|
Object from type Hode belongs to data base Platforma II.

Humber : 2254 16.8345 -36.2233 g.86888

Internal Ho.: 2227

Support conditions: 127 free

< Brevious Mext Todify...

by clicking on Modify and enter the changes in the dialogue box.

SOFiSTiK: Modify Nodes x|

— Object

Add < I Femove < | Hark ¢ |

1 selected LCopy Properties < |

Mark nodes with selected restraints < |

—Restraints————  ~ Edit single node
I~ Madify I=| B I~ Madify
I~ | ety Il Mode Mo
v Moadify v iFe Internal Mr.: 222
7 Modify [ Mx Coardinates ¥ 1E6.834
[ Modity [ My i -
I~ | Modity [T Kz z ,W‘

Ok I Cancel Help |
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This process continues by changing the characteristics for the second node which has wrong
displacements.
After this changes you have to export analysis database again.

6.12 STUCTURE ANALYSIS
Analysis is performed in program WTEDY.

ICON: Edit (Win Ted)
% MENU: SOFiPLUS - Analysis ...
Command: SOF_G

Enter the file name in the next dialogue box.

Laak, i I_}Zglada j = Iff{ Edl- @|||

R BASEMENT #-hbasement_sla

L BASEMENT _REM SEPLATFORMA T1

"E: basement_gra pIatFarma i_agu

'ﬁ: basement_|fd pIatForma ji_IFd

B BASEMENT iy EEPLATFORMA I1_MAY
'ﬁ: basement_msh pIatForma i_msh

File narne: LA, 1R, Open I
Fileg of lype: | *.dat ﬂ Cahcel |
Locste | FEindFie.. |

Working area of the Teddy program is displayed on the screen. Any additional data for the
analysis which are not contained in SOFIPLUS may be entered. For this example all
proposed options are accepted.
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& SOFISTIK Teddy - [E:2grada’\PLATFORMA ILDAT] =101 x|
Elle Edit Miew Block Extras SOFiSTK Window Help - ﬁllﬂ
[DFAEHE |t BR(o - adRBE2e3(BR[2
|[PLATFORMA T DAT | Line 1 of 24 Col 1 | he = B win | 80 & 3 Fd © @ @ (La|
2] A
& | +PROG GRAF  -E
| 8TRU cont
BE 3TRU 1 0
~— | BTRU 0 1
: | END
=+
+
+FPRO= SEFP -E
| ECHO full nc; ECHO load ves; ECHO reac yes
*T | #include % (name).lf
E END
| +rrOG GRAF  -E
| Scould ke extended
] Sgraphical meoments and deflection
s | DO 1 5 Copy for each loadcase
= | oUAD TYEPE hm
L3 | ISOL TYPE w 3
a END LI
[EE PLATFORMA ... K1 Dl
Press F1, ta receive help. &

Start the program WinPs to begin with the analysis. You have full control over the
computation process in WinPs.

¥ SOFISTIK WinPs - E:\Zgrada’PLATFORMA ILDAT - ol

File Edit Wiew SOFiSTK ‘Window Help

=20 e H‘%lli”&l\bmﬁ'|*.;‘lﬁlﬁ%ﬂ!ll?|

[CY8 | B e 2grada’,PLATFORMA ILDAT =] ] g
+ |[33 pLatFoRMATIDAT | o a g
e[ #] graf Execute
Sl sem |PLATFORMA I1.cdb x| Search |
# [+ graf
L =1 maxima Modul | ter... [ Eror | wiar. | Time I
Ll end ¥ giaf i i 3
-1 v sepp ] ] 4
— v giaf i} i} 2
]
+T
_T Protocal
™ Continue after ermors [~ Append results
¥ Support Result Yiewer URSULA [ No echo print

Ready EMD 12sec 4

Icon Execute starts the calculation. If this process finishes without errors, output data files
may be created.

T

URSULA
is used to create output files which contain text and graphic presentation of the results. File
contents are predefined. Its contents may be rearranged with friendly Teddy instructions. This
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files can not be modified after the analysis. Preview of the files can be done by selecting the
file in the left pane of the Explorer.

& SOFSTIE Lrsuala - [F\Zgrada’PLATFORMA ILplh] =180
[ Fie Edt View Extras SOFGTE Window Help ETES
gm@R(BIC WS s@eEancir cdRRve ?
Cirderis *®
i PLATFURMA ILPLR
7 GRAF
B Fehun
7 seer
(il Dretrations of kot e
[y Lesd Case 1[G )00
L Meshisee Losing
U Lead Case 21 i ]
L5 Meshiser Losdng ?
L Sum ot Lot g
L5 Moctal Dnptacements ?
L Poocaal Displacements i ]
L Sum of Reachons o B
¥ GRAF F
B Piches: AT b
) T ¥
LTI L) 1 ETIS]

Poe 818 %

Foeady.
d-n-c] &9 [@ * | B ocioz0r. | W) zgeie 3w | ) cobcrun s - .. | B8] Dcnermetz - .| S sORSTI Tekd.. [[sgsorsmikurs.. |G [« S 120

For fast preview of the results, without creation of output files, use Animator and its tools for
different visual views.

rada’Platforma ILdwg]

le Edit Yiew Insert Format Tools SOFRPLUS Draw Dimension Maodify Image Window Help

[DeEénasmad o |FEo s ds T

|2 =ltoeLno =2 [whte <] [— Bdse QUADmo. 1318
— = Loadcase 1
max.sigma= 31 min.sigma= -3 [N{mm2] El

9 platform. Animator

File Edt Reduce Wiew Color Settings Spezisl Help
|B~huwd |[oFTb[a@3E |

Loadcase 1 Relative stress sigmajffc
|Max.sig-beam|= ca. 4.28 N/mm?2 [s}ic=0.14)
Exakt stresses only with AQB!
Max.sigv-quad= 8.29 Nfmm2 (s/fc=0.28]

BHIO0TOO00L NN

%NS EC0L+NPOCGERE 2R
=
=

lroE -

=

o

o
A4
8y
W'z

fe= 0.279) mm

3
Distance to system center= 58.04 m

Commana. Ready lLoadcase 1 4 =
Command : -
Command : [Ein T

liso-2e —~ P1:26[12.2010, -43.5737, 0.0000 | 5MAP| GRID) ORTHO| POLARI[O5SMAP[OTRACK, LwTI[MODEL

distart| | & 5) (B | [ sutoCAD 2002- [EiZgr... | % sorisTik Teddy - (E:\2ar... | §2 SOFISTK Wines - Exzer... |[2 platforma i - Animator | @| & |« W (B 1320
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7. Example 4 :ROOF STRUCTURE

Roof structure is consisted of 16 parabolic-hyperbolic segments. The segments are formed by
elevating one point from the base for 1 meter. On edges segments are supported by edge
beams (b/h=30/30). Central part of the structure represents annular slab. Story height is 4
meters. Central columns are circular with diameter d=40 cm, while ending columns are
rectangular with dimensions of the cross section b/h=40/40 cm.

7.1 AutoCAD PREPARATION

First we should make a three-dimensional drawing of the structure. After that three-
dimensional surfaces have to be created. For drawing the surfaces several AutoCAD
commands may be used: Edge Surface or 3D Mesh. If you create the finite element mesh by
macros, mesh generation may be exuded. In order to create finite element mesh for the
annular slab, two structural lines should be drawn.

ﬂL

To enable better visual control, three layers should be created: Axis - for structural lines,
Construction - for structure contours and Meshes - for wire models of 3D surfaces of the
structure. 3D surfaces can be created on all areas of the structure or on one characteristic
area and copied in circle raster mesh by using Array command. In this example, the
mentioned styles for creating the meshes above are not preferred but techniques which
depend on the users style.
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To gain better visual control of the drawing it is desirable to view it from three view ports.
Command: vports

Enter an option [Save/Restore/Delete/Join/SIngle/?/2/3/4] <3>: 3

Enter a configuration option [Horizontal/Vertical/Above/Below/Left/Right]

<Right>: L

[E]AutocAD 2002 - [C:\Documents and Settings\Kokalanov',Desktop\ZgradaiRool.dwg] —[8] x|
[ Fie Edit View Insert Format Tools SORPLUS Draw Dimenson Modify Image Window Help 18|

[nereieiprdon FOoCEQE 1 @ e EaRBE? ||~/ xx | 0¢
S PEET LD Slo# R | gl o e T

B RPAADR ¢ 00 d||mr Lk REE LR wS
v
%
Ab

BpLayer

ByLayer

-]

EBI0TONO0L &Y

@&

oo

Bt

4

oy
4] P A e e
o iy A

A AR it s

NG o ey

o LSRN o e

o

7ﬂ..

|
=5 ‘
)
o L5
e
- lle B R,
T,

(iR
=aie e,
B
A

A

Al o) “:\

& 0

-

& M4 r M \Mndel,{ Layoutl ,{ Layout2 ,i JLI _I »
Command: _cptions =
Command : -
|conmand . |

150-26 -~ P11 (31296 5.3753 ., 0.0000 | SMAF] GRID[[ORTHO POLAR|[0SMAP[OTRACK LwT|[MODEL

&/ start J 85 3@ ”J B Zarada_4 - Microsoft Word || [ AuteCAD 2002 - [C:\D... | [F ] AutoCAD Text Window - ...

J| @|'§' « ¥ 03:20
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7.2 STRUCTURAL SYSTEM

Structural model of this example is Space model. Analysis will be proceeded under EuroCode

(EC 2) standards. Structural system is set by:

ICON:

&

Command:

SOFiSTIK: Data Base Description and Choice

Structural system

MENU: SOFiPLUS - Structural system...

SOF_GSYSMOD

Froject: IHoof construction

Database: I PlatformB oof

Design Code: I v"2 'l ' Space
Iaximummn number of Imggg " Frame/wall
elements per group:
" Gider/Slab
Fointzize [m]: 0.05
Ainalysiz thpe;:
Highest node Ma.: 1}
IND zyztem 'l

¥ Groups on separate layers

j Mew... I Eename...
Orientation of Self \Weight: IPos. Z-ariz 'l

Structural madel

D ata base coordinate system
+ SOFSTIK. WCS " Current ICS
r— Drawing unit
= m = cm = mm Dutput units.... |
Settings |
0.9 I Cancel | Help | Delete |

Input parameters for the structural system and database are:

QFSTT
AKTIENGESELLSCHA

F

T

Project Roof construction
Database PlatformRoof
Orientation of Self Pos. Z axis
Weight:

Maximum number of 10000
element per group

Point size 0.05
Structural mode Space
Database coordinate SOFiSTIiK
system

Drawing units m
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7.3 MATERIAL

Slab material is concrete 35.

% ‘ ICON:

Command:

Material

Default materials are used:

QFSTT
AKTIENGESELLSCHAFT

MENU: SOFiPLUS - Defined model — Material
SOF_GSYMATE

Standard Concrete

S35 (EC 2)

Standard Reinforcing Steel

S500 (EC 2)

SOFISTIK : Material x|

Mo Name

1LC35(EC 7]

Modify Delete I Impart |

Delete All I Export . |

7.4 CROSS SECTIONS

Three types of cross sections are used in this example: rectangular (b/h=30/30 cm), square

(b/h=40/40 cm) and circular (d=40 cm).

T

In the dialogue box click on New button.

ICON: Cross Section

Command:

SOFiSTIK : Cross Sections

M I ame

Modfy.. | Delete

Ok

LCancel |

b aterial ... |

| Impaoit ...

x|

MENU: SOFiPLUS - Defined model - Cross Section
SOF_GQUER

Wity Extended |

Delete Al

| Expart ...

Select Rectangle cross section from the list.
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General Cross-SulEd
Mo I'I

LCancel

I

Cross-gection-values
Plate

T-Beam zection

Circle / annular section
Tube

Cable section

Rolled steel

and enter cross section data for edge beams.

SOFiSTIK : Rectangle Cross Section No: 1 ll

Material | 1C 35 EC2) = | O
Height [m] IDS—F enforced Cancel |
Wicth [m] Jos [V erforced

Material |

IFactnr for Torsional moment j |1

IV_!,I Factor for shear deformaliorj |D

IVz Factor for shear deformaliolj IU

Paosition of arigin: Center of gravity 'l

Reinforcement

I aterial I 25 500[EC 2) bt
Type of enfarcement Ilwu-sided -

Distance [cm] Areaem2]  Diameter [mm]

Top |3 |D |28
Battom |3 ID |28
Section fitle: |B/H/B0/HD 0/30/30/0 cm

Continue entering cross section data as explained before.

SOFISTIK : Cross Sections ﬂ

Mr M ame

1 B/H/BOAHO 0/30/30/0 cm ok
2 B/H/BOAHO 0/40/40/0 cm

LCancel |

M aterial ... |

Delete | Impart ... |

Modify Exgtended... Delete Al | Export ... |
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7.5 FINITE ELEMENT MESH

Finite element mesh can be created by objects or by macros. In this example, it is much
simpler to generate finite element mesh by objects. Mesh is already generated by AutoCAD
commands and should be selected and converted in finite element mesh. The best way to do
this is to use second drawing projection. Select the upper part of the structure using Select
Window.

It is recommended to turn off all layers except layer with surface meshes.
ICON: Generate with Objects

ﬁ MENU: SOFiPLUS - Generate - With Objects
Command: SOF_GNETGEN

SOFiSTiK: Element Genera x|

= BEAM Beam elements

(= TRUS Truss beam elements

{~ ROPE Cable elements

Minimum edge length [m]: 0.000
Group Mo.: D

[¥ Break entities on intersections

QK I Cancel | Help |

After selecting the roof structure, on the following question:
First Element number<1>: 1

enter number of the first element in the selected group (1).

7.6 FINITE ELEMENT MODIFICATIONS

Slab elements created by objects are formed with thickness equal to assumed (20 cm). In the
example, thickness of the shell elements is 8 cm and circle annular slab has thickness 16 cm.
Modification of the finite element thickness is necessary. Change is done by command Modify
Area Element or Modify Area Element Variable. As previously explained, first commands is
used whenever modification is permanent along whole selected slab area while second
command is used when slab has variable characteristics (variable thickness, etc). To change
the thickness in this example first command is used.

o ICON: Modify Area Element
MENU: SOFiPLUS - Modify Finite Element - Area Element
Command: SOF_GQUADMOD
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Select all element which will be changed. In this example select all shell elements. After
selection, in the following dialogue box

]
Dbjects
[T | Bmarat Mk <
10 selscind Copy Propesins ¢
Matensl Daechion of local ks
5 Moty s | csmEca) Showmgnc |
™ Hodiy Memiocement, | SS00ECH
™ oty oo M — e
¥ Hodiy Elem thic fm} ¥ [om |
beddng
I Hodty ¥
fbeam M/t [ooon ]
Langerial (/) z
Aecteew pails of element diiness Agrment
[ Modly [ Elabepats Moy ¢l
7 Messbrane pails & Corimn
[l e —— Do
Edit single

o | Carrel _Hee |

enter slab thickness 0.10 m in the edit text box Dim. Change the annular slab thickness as
performed before. (d=0.16 m)

i ICON: Info/Edit
d MENU: SOFIPLUS - Info/Edit...
Command: SOF_GINFO

If you click with the mouse inside any element area, information about element are presented
as on the picture.

x|
Object from type Area element belongs to data base ROOFCONSTRUCTION.
Element number : 1136
Hode H1i: 582 -18.6546 1.4187 -840
Hode HN2: 280 -p.7081 1.2878 -8.4123
Hode H3: 1568 -9.5988 1.9897 -8.3125
Hode H4: 1555 -18.5253 2.8959 -8.3758
Material number: 1
Reinforcement. Hat. Mo.: 2
Action: 15
Mean element thickness [m]: @8.10880
Thickness in K1 [m]: 9.1000
Thickness in K2 [m]: g.108688
Thickness in K3 [m]: a.10880
Thickness in K& [m]: §.1880
Bedding [kN/m3]: 6.0000
Tangential bedding [kN/m*]: @.8088

Direction vector x-axis: 8.8261 B.5635 ©.0068

4 Brevious Mext Todify..

7.7 EDGE BEAMS

Whenever structural model is consisted of combination of beam and area/shell elements,
attention should be paid on generation schedule. First, area/shell element mesh should be
formed and then beam element mesh. At this sequence SOFIPLUS easily recognizes nodes
on the mesh which lie on beam axes. This parts are dived on segments, so beams and area
element have same nodes.

Activate Beam command.
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ICON: Beam
£ MENU: SOFiPLUS - Create Finite Element - Beam
Command: SOF_GSTAB

Command:

Start node (end+mid+nod+int): (First beam node)

End node (end+mid+nod+int): (End beam node)

Rotation of y-axis <0> or [Xx/Yy/Zz/Negx/nEgy/neGz]:Return

Connect marked intermediate node? [<Yes>/No]: Y

(Program recognizes inter-nodes which lie between first and end node, and if you answer with
Y on the question, nodes are temporary marked. With this action easier control of the beam
element generation is enabled).

First Beam No.<1>: 1
Section number<1>: 1

Start node (end+mid+nod+int): (Continue with next beams)

All beam elements are generated as stated before.

7.8 COLUMNS

In this example two types of columns are used: circle and square. For circle columns position
of the local Y-axis is not important, while at square columns you should be careful because
they are in rotating position so Y-axis has different orientation of the columns. Firstly circle
columns are generated. Columns are beam elements formed with Bearm command.
Generation method is previously explained and will not be repeated here.

Command:

Start node (end+mid+nod+int): (Start column node)

End node (end+mid+nod+int): (End column node)

Rotation of y-axis <0> or [Xx/Yy/Zz/Negx/nEgy/neGz]:Return
marked intermediate node? [<Yes>/No]: Y
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First Beam No.<1>: 256
Section number<1>: 3

Start node (end+mid+nod+int): (continue with next circle column)

Rectangular columns are formed by same method. Difference is in section number (2) so,
now for every column, orientation of the Y-axis should be entered.

Proposed procedure for creating finite element mesh is not general. If user is familiar with
AutoCAD, he may find out more adequate work styles. For example, observed structure is
formed by 8 equal segments. Instead creating finite element mesh for whole structure, mesh
can be formed on one segment.

By using AutoCAD command Copy Array (polar), other segments are created. This way is
simpler because at copying process, option: rotate object as copied is involved and
adjustment of the local Y-axis of columns is automatically executed.

This approach requires special attention. Finite element meshes have to concur ideally.
Having in mind that AutoCAD disposes of great number of tools for precise positioning this
correspondence is not a problem. When SOFiPLUS copies segments, it does not
automatically enters new node points. Therefore this type of generated mesh is liable to
regular controls.

ﬁ ICON: Import
MENU: SOFiPLUS - Analysis Data Base (CDB) - Import (.cdb - .dwg)
Command: SOF_GENFIN

In the dialogue box, select the option: Check run (no output). As stated before in the text, this
Command eliminates errors according as node duplication, deletion of nodes connected to
elements and etc.
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i
Type of output————————————— ~Rangeofexpot————
" Data base .COB ¥ Erport system
I~ Erport load data
€ A5CIFiles .55 and LF P p— il
el I™ | Eiint and|optimize

Output for program
’7('“ STaR2/3 1 SEPF (Flatte] {7 SEPP[Scheibe] & ASE ‘

[¥ Mark nodes with distance <= 10,0000 m from each ather
[¥ Comect without prompt [¥ Corect without screen marking

[¥ Pagenumbers Startnumber:
Name in drawing: ROOF Data bases avail: I vl

Output-file: EXZGRANANEOEE

Select output file,. |

ok I Cancel Help

7.9 LOADING

At finite element mesh generation process by objects and macros, load cases are not
automatically created. Firstly define load cases using Loadcase Manager and afterward
apply the loads which act on the slab.

.p?| ICON: Loadcase Manager
- MENU: SOFIPLUS - Loadcase Manager
Command: SOF_GLFMOD

Two load cases will be analyzed.
t SOFISTIK: Loadcase-Manager x|

|Current Loadcase: 2 Imposed Load)

\J M... | Description | Find of Load | Type of Load | Load.. | S | Car... . .
7 1 Diead Load GeneralLoa.. G Dead Load 1.000 1000 1.000 1.000 1.000 1.000 1.350 1.000
W2 Imposed Load General Loa.. Llmposedload 1.000 0000 0700 0700 06DD 0000 1.500 1.000

¥ Inciement lnadcases automatically

|Se\fweight Pos. Z-axis |Standard: EC 2 TG | LCancel | Help |

Enter SW 1.00 for the first load case. It denotes that self weight of the elements is
automatically calculated in this load case and participates 100%. As a result of other dead
loads, the whole slab should be loaded with load of 2.00 kN/m?. To input this load in the
computation, first in Loadcase Manager make the first load as current. Select the first load
case and click on the Current command button.
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ICON: Free Area
“%‘ MENU: SOFiPLUS - Create Loads - Free Area
Command: SOF_GBLAS

Enter load attributes in the following dialogue box.

SOFiSTIK: Modify Free Area Loads [ x|

Load value P1 [kN/rre] Ia— Marne of load: I—
Losdvale P2 [Ne]  [I000 Loadcase: [1 -]
Load value F3 (k7] IW Loadtype | Load jIPG - Load in gravity direj

Reference Type m
o v U IP4 j (k] |1EI.EIIJ Group- / reference number ¥ all Ii

M UDL Direction of projection: IELEM - projected 'I
[ simplified Representation Tolerance width ID.DD

o [~ Use selected entiies [ Apply
ﬁl ﬁl 3" #l g | 1 selectec for new zelectionset automaticly 0k | Apply |

U.D.L. (Uniform Distributed Load) check box is marked which specifies that load is uniformly
distributed. In the edit box enter load value 2.00 kN/m?. For Loadtype pick Load in gravity
direction to define load direction. Pick four nodes on the screen which form square area and
cover the part of the slab area to transfer loads. This area may come out of the slab contours,
so the program automatically calculates certain loads on area elements.

To have better visual control of the process, loading area is hatched. Loading area of the slab
is drawn on the layer: X__B001_ROOFCONSTRUCTION. To obtain greater visual control
over the loading areas it is desirable to close this layer, before entering loads for the second

load case.
In order to illustrate other possibility for entering loads, small modification in the finite element

properties from annular slab is created. All its finite elements are placed in group 1.
o ICON: Modify Area Element

MENU: SOFiPLUS - Modify Finite Element - Area Element
Command: SOF_GQUADMOD

Select the elements from the annular slab.
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In the edit box Group No. enter group 1. Since maximal number of elements in one group is
appointed to 10000 (Structural system ...), numbering of the elements starts from 10000.

In the second load case two distributed load act on the slab: central part is loaded with 7.00
kN/m? whilst hallway is loaded with 4.00 kN/m?. Make the second load case current by using
Loadcase Manager. Trigger command Create Loads - Free Area and enter load parameters.

B x
Load value F1: [kM Arré] .00 i f et ILDad']
Load value PZ: [kM 4] Loadcase: |2 'l

Reference Type

Group- / reference number I Al IU
VuDL Direction of projection: IELEM - projected Vl

[~ simplified Representation Tolerance width |5
ﬁ Q E 3| ° = | Use selected entitizs =] fpply ;
. fiar new selectionset automaticly

At entering the second load case load distribution is conducted according the group of
member elements.

Load value |P4 | [kNAf]

[Fo0
Loadtyps [ Losd ~[[F= - globalloadz =
Loadvalue P2 [N/ [700 oadype | Loa =||Fzz - global oa =l
IQGHF‘-Group&Vl
F

Reference Type QGRP - Group Quadrilateral Element

Click to clear ALL (Group/reference Type) check box and enter the group on which load 0
acts.

Direction of projection ELEM — projection
Load acts along element projection perpendicular to load direction (PZZ — global load Z).

Tolerance width 5

This reference defines depth for the load. All QUAD elements on distance +/- 5 m from the
loading area will be loaded with prescribed load.
First load for shell elements is entered with value of 7.00 kN/m?.

Command:

pick 1 cornerpoint (end+mid+nod+int) or [Enter polygon]: e
(Loading area is polygon)

pick 1 cornerpoint (end+mid+nod+int): (First polygon node)

pick 2 cornerpoint (end+mid+nod+int) or [Undo]: (Second )

pick 3 cornerpoint (end+mid+nod+int) or [Undo]: (Third)
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pick 4 cornerpoint (end+mid+nod+int) or [Undo]: (Fourth)

Repeat this process for the central annular slab. Its area is loaded with uniformly distributed
load of 4.00 kN/m? and it elements are in group 1.

SOFiSTIK: Create free areaload @ x|

Load value P1: [kMAmE] 4.00 Marie of load: I
Load value P2: [kM/mE] 400 Loadease: |2 'l

Loadtype | Load ¥ ||PZZ - global load 2 A
Loadvale P3N/l [200 vp =llFzz-a i

Reference Type IQGHF‘ - Group G vI
Load value |P4 j [kl I4 Group- £ reference number [ all |1

Q

v UDL Direction af projection: IELEM - projected Yl
i simplified R epresentation Tolerance width Iﬂ

P [T Useselectedentiies T Apply
ﬁ Q E # a fior new selectionzet automaticly

Loading area may be same as in the previous case.
Analysis database exportation and analysis process are same as in the other examples and
are not presented here.
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8. Space Analysis of the building

In previous chapters specific floors of a building were under observation. Using 2D analysis
static values in area and beam elements of the entresols were calculated. In continuance, the
same structure is reviewed, as overall or space structure. Proposed methodology is only one
of the possible solutions. Purpose of this example is to present AutoCAD and SOFiPLUS
capabilities, not to give critical mark of the structural solution namely mathematical model.
First make a drawing of the building with entered all characteristic plans of the building. For
easier manipulation, separate plans are placed on different layers.

Basement Platform

Concept of the analysis is as follows:

For every characteristic platform make mathematical model (finite element mesh/loads);
Put all platforms in their positions in the structure (Move/Copy);

Connect platforms by columns and walls;

Enter supports;

Enter additional loads which are not previously entered in the separate platform analyses;
Check the structure;

Analysis;

Presentation of the results.
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8.1 STRUCTURAL SYSTEM

Structural system is Space. Analysis is performed following DIN (EC 2) standards. Structural

system is entered by:

ICON: Structural system
& MENU: SOFiPLUS - Structural system...

Command:

SOFISTIK: Data Base Description al

SOF_GSYSMOD

Project: |3D Housze

D atabaze: IHouse vl e | Hename... |

Orientation of Self 'eight: IF'os. Z-anis i l — Stuctural model

Design Code: DN = |1D45 VI

b4 aximum number of I]gggg = Framedwal
elements per group:
" Girder/Slab
Paintsize [m]: 0.05
Aralpsiz type:
Highest node Mo.:
IND zyztem - l
¥ Groups on separate layers
— Data base coordinate system
& SOFISTE O wis © Cumert ICS
— Drawing unit:
*m " cm = mm Dutput uriits.... |
Settings |

Ok I Cancel | Help |

Delete |

In the Data Base Description and Choice dialogue box enter the following database

parameters:

Project 3D House
Database House
Design Code DIN 1045
Orientation of Self Pos. Z axis
Weight:

Maximum number of 10000
element per group

Point size 0.05
Structural mode Space
Database coordinate SOFiSTIK
system

Drawing units m
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8.2 MATERIAL

Slab material is concrete 35.

ICON: Material
% MENU: SOFiPLUS - Defined model — Material
Command: SOF_GSYMATE

Enter materials for the inspected structure in the dialogue box.

Standard Concrete C 35

Standard reinforcing Steel BST 500

SOFISTIK : Material

2 BET 600 (DIM 1045]

Hew .. Modify ... Delete | Impart ... |

Delete Al | Exzport . |

8.3 STRUCTURAL LINES

As background for defining mathematical model architectural drawings are used. This drawing
is utilized to train structural lines. For outward walls structural line passes on 1/3 of the wall
thickness.

ICON: 1/3 Line
f— MENU: SOFiPLUS - Defined model - Auxiliary Line - 1/3 Line
— Command: SOF_DRITTEL_LINIE

Firstly click on the inner wall line and then on the outward line. SOFiPLUS draws structural
line on 1/3 of the inner wall edge.

-

-1

Inner walls are presented with structural lines which pass through center of the wall.
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ICON: Center Line
MENU: SOFiPLUS - Defined model - Auxiliary Line -~ Center Line
Command: SOF_MITTEL_LINIE

/PB
=

Structural lines are placed on layer: X__AUFL

|| =8|V G Myl ]

Beside these lines, several other structural lines are drawn. By using simple AutoCAD
command Line, draw lines over the contours of the area segments.

These lines should be placed on layer: X__AUFL. If these lines are not on the stated layer,
you must change Layer attribute on all lines.

ICON: Copy to structural Layer

MENU:  SOFiPLUS - Defined model - Auxiliary Line -~ S Copy to
— structural Layer

Command: SOF_DRITTEL-LINIE

After selecting this command, click on the auxiliary lines. Lines are now transported on layer:
X__AUFL and they become structural lines.

8.4 STRUCTURAL AREAS

Structural areas are parts of the slab limited with structural lines. At space systems, lines
should be coplanar. Before defining the areas it is desirable to close all layers except layer
with the structural lines. After that make control over the components of the structural lines so
as to eliminate errors (usually contours are not ideally closed) or to select creating areas by
selecting contour lines which do not require closed contours.

ICON: Structure area
MENU: SOFiPLUS - Defined model - Structure area
Command: SOF_PM_AREA

7

Execution of the command is combined: by selecting data on the command line:

Select option <Pick point in area>[PICK Point in area /SELECT Boundary/SELECT
Plane/PICK Structural edge]:
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and by entering slab attributes in edit boxes in the structural area dialogue box.

I sorstic stucturalres ®
General | Support conditionsl Geometryl Beddingl
Thickness T[m]: 018 I aterial
Harme; l— B 35 [DIM 1045]
Group nurbes: |— Loads.. | | Reinforcement. | BT 500 (DIN 1045)

= 3| | 2|

Predefined slab thickness is 18 cm. If this thickness is not adequate it should be changed.
Current materials are shown in the window. They can be changed using buttons Slab (for
concrete) and Reinforcement.

Loads... button starts the process of defining loads for the area which is generated. By first
start of Loads... Loadcase Manager dialogue box is called up because there are no
previously defined load cases. In this dialogue box enter all load cases which will be used in
the slab analysis process, and place the current load case which will be first to define the
loads. In this example it is 1 Loadcase Dead Load.

Il SOFiSTiK: Loadcase-Manager x|

|Eurrent Loadcase: 1 [Loadease 1]

\l ... | Deescription | Kind of Load | Tppe of Load | Load...l S | fava... | unfa... |
71 Loadzase 1 Genersl Loa.. G Dead Load 1000 0000 7.000 7.000
9z Loadcase 2 General Loa Llmpozed Load 1.000 0000 0000 1.000

¥ Increment loadeases automatically

Selfweight: Pos. Z-axis Standard: DIM_1045 Ok | LCancel Help

In Loads 2and Areas dialogue box enter value for the Dead load 1.5 kN/m? and Imposed load
3.5 kN/m”.
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SOFiSTiK: Loads on Area: x|

— Dead load

Select Load Case ... |

Load in direction of gravity [kM/m2];

Temperature Difference [*CL

— Impoged load

Load in direction af gravity [kM/m2]:

I.I_
e
—
Select Load Case . | B
e
—

Temperature Difference [*CL

¥ | Increment loadzases automatically

[~ Dan't show this again

Cancel Help

Since loads are entered, click inside closed contour. SOFiPLUS analyzes contour and if
everything is correctly specified it marks the contour and displays labels for area and loads.
Structural areas may be generated by clicking point which lies inside area contour or by
clicking on the boundary lines (SELECT Boundary) namely structural edges (PICK Structural
edge).

Select option <Pick point in area>[PICK Point in area /SELECT Boundary/SELECT
Plane/PICK Structural edge]:

If first option is used (Pick point in area), contour which defines structural area has to be
ideally closed and has to lie in current XY plane. For example, if structural area of one of the
vertical walls has to be defined, first a change in coordinate system has to be made, so the
wall should lie in the new XY plane.

Select option <pick Structural edge>[PICK Point in area/SELECT Boundary/SELECT
Plane/PICK Structural edge]: select-p (defines new drawing plane-xy)

_3point

Specify new origin point <0,0,0>: (click on point P1)

Specify point on positive portion of X-axis <-3.8588,-11.9044,-4.0000>: (click on point P2)
Specify point on positive-Y portion of the UCS XY plane

<-4.8588,-10.9044,-4.0000>: (click on point P3)
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This process continues with entering point which lies inside closed wall contour. If the
procedure is correctly performed, program itself labels the area displaying the number and
load values.

At complex areas second mode for defining structural areas is simpler to use, by selecting the
structural edges (PICK Structural edge). Before this option takes place, auxiliary lines which
will be used for defining area contours have to be converted in structural edges.

ICON: Structure edge
MENU: SOFiPLUS - Defined model - Structure edge
Command: SOF_PM_EDGE

Start point (end+cen+nod+int) or [Select entity]:
(select entities to convert into structural edges)

You should have in mind that selection direction determines direction of local Y-axis. User
should pay attention on the text shown after creation of the structural area. If text is normal,
local Z-axis is directional to user. If text is inversed, local Z-axis is in the reversed direction. It
is eligible to make visualization by showing the directions of the local element axes.

8.5 OPENINGS

Definition of the openings at space systems differs from the described definition in line
systems.

ICON: Opening
D MENU: SOFiPLUS - Defined model - Opening
Command: SOF_PM_HOLE

At space systems, firstly area in which opening lies is set and hence structural lines which
define the opening are clicked.

Command:
Define opening
structural area: (click on structural area)
pick structural line (end+cen+int+nea):
(click on the first structural line)
pick structural line (end+cen+int+nea):
(click on the second structural line)

As far as area is correctly defined, program itself marks the area with the text Hole.
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8.6 BEAMS/COLUMNS

In this example, easiest way to enter beams and columns is by modification of structural
edges.

- ICON: Modify Structural Edges
B3 MENU: SOFiPLUS - Modify model - Structural Edges
Command: SOF_PM_EDGE_M

Select all edges to place rectangular beams. In the dialogue box click on Beam tab.

Il SOFSTIK: structural edge [F x|

Generall Support conditions  Beam |Bedding| UpperWaIII BDttomWaIIl

= Cross Section,. Wariable Cross Section——— E}Em.érgr:ﬁiebeam
r define ... | ) )
{~ Beam with reference/pile

= Truss element
i Cable element
™ like cross section

Hinges startpoint/endpoint

Cwe Ty Dwe N D Ne e
Fww Ty Twe T Ty Te [ owe

[~ Hinges on each beam

« ™ &Apply ™ ilze selected entities —I
ﬂ ﬁ ﬂ J 2 selected automaticly Far new selectionset | Close Apply |

With button Cross Section, cross sections of beam elements is created, i.e. cross section of
the respective beam. In this example two cross sections are defined: rectangular 40/50 cm
and circular d=40 cm,

B
Nr Name
1 B/H/B0/H0 074075040 cm oK
LCancel |
Material ... |
Hew Modify I Delete | Impart I
Modify Estended I Delete All | Export I

and cross section 1 of beam elements is selected. Similarly columns which lie on area
boundaries are created. These columns have section no. 2.
The rest columns are created with command:

ICON: Beam
F - 3 MENU: SOFiPLUS - Create Finite Elements — Beam
Command: SOF_ GSTAB

Command:

Start node (end+mid+cen+nod+qua+int+per+nea):
(Enter first node of the column)

End node (end+mid+cen+nod+qua+int+per+nea):
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(Enter second node of the column)
Rotation of y-axis <0> or [Xx/Yy/Zz/Negx/nEgy/neGz]:
(Enter rotational angle of column local y-axes)
First Beam No.<337>: Return
Section number<1>: (Enter section number)
Start node (end+mid+cen+nod+qua+int+per+nea): Return

To simplify this process, only one column may be created and the rest may be copied with
AutoCAD commands Copy or Array.

NOTICE: When elements are copied (Copy or Array), the program does not enters new
nodes automatically. Therefore control of the system is necessary.

5 ICON: Import
MENU: SOFiPLUS - Analysis Data Base (CDB) - Import (.cdb - .dwg)
Command: SOF_GENFIN

In the following dialogue box click to check: Check run (no output). As stated before this
command eliminates errors like node duplication, deletion of nodes which are connected to
elements and etc.

x
Tepe of outpt—————————————— ~Rarngeofewpot————————————
("~ Data base CDB [ Expart spstem
I™ | Export lnad|data
 ASCI-Files .5YS and LF Ioadases., il
o I~ | it and cptimize

Output For program
’7("' STAR2/3 ) SEEF (Flatte] & SERPI(Schejte] * ASE ‘

¥ Mark nodes with distance <= 0.0000 i frann each other
¥ Cormect without prampt ¥ Correct without screen marking

[¥ Pagenumbers Startnumber:
Name i drawing: ROOF Diata bases avail : I vI

Output-file: E:ZGERANAEDEE

Select output file.. |

akK I Cancel Help

8.7 BOUNDARY CONDITIONS

As difference from plane structures where by definition area edges are formed as freely
supported (PZZ), in space structures by definition no limitations of structure are introduced.
Walls are plane structures which have constrained displacements in the supports along the
length and height of the wall (local X and Z coordinate).
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Bl SOFiSTiK: structural edge [# x|

General Support conditions I Beam I Eeddingl Upper 'W'aIII Batharm Walll

Global e TRy TPZ oM My [ MZZ

Local MRS TRy MPEE M o N E [ wz

[~ Conshaints: Select structural edge < |

[ Support iz rigid

ﬁl @;l ﬂ'l ] | Sp— [~ apply [ Use selected entities ok I Apply

autoraticly fior new selectionzet

Also, displacements in the points where columns are supported should be constrained. Since
these nodes are spatial, displacements and rotations in all directions of the supports should
be constrained.

-, ICON: Modify Structure Point
«": MENU: SOFiPLUS - Defined model — Modify Column/Structure Point
Command: SOF_PM_POINT_M

Select all points of column supports and mark all boxes of prescribed deformations.

SOFiISTiK: Modify Nodes x|
— Object

Add ¢ | Bemove < | Mark < |
1 zelected LCopy Properties < |

tark nodes with selected restraints < |

—Restrainte———  — Edit single node
v Modify v Bx [~ Modify
I Modify ¥ BY Hode Mo.:
¥ tdodify ¥ EZ Internal Mr.: 164
v Modify [v Coordinates ¥
W Modiy R MY it
W Modiy ¥ #Z z [ |

oK I Cancel Help |

8.8 FINITE ELEMENT MESH (FEM)

The procedure conducted in the previous steps is predefined for automatic finite element
mesh generation.

ICON: Mesh Generation
E MENU: SOFiPLUS - Generate - Automatic mash generation
Command: SOF_G_MASHGEN
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SOFiSTiK: Control of Mesh genera x|
i~ Fineness of Mesh - Output
Mawimum possible length of 0
element's edge [m] 4 I~ Mateiial
[Eazflén]ement Factor W ™ Cross Sections
Smallest geometrical distance in structure: 0,986 I Sipetral Data
™ Modes

rAdaptive Meshgeneration———— W EledE s
™ Aktivate Select nadease... |
- — I Beam Elements

™ Boundary Elements

expected enmorin P—
ereray [1%]; I ﬁ ™ Volume Elemerts

- Expert's benu

Mumber of relaxation steps (0-10): I3 ¥ Page numbers
M umbrer of partial areas for parallel I — Starting- a3
computing [1-54]; 1 number

™ use prelements Farameters

Band “width O ptimization Save Settings |
’V = Mo & Standard  © Etended ‘ Defauls |
ak. I Cancel | Help |

Accept maximum length of element’s edge 0.8 m, and leave the remaining parameters as
selected by default.

8.9 DATABASE IMPORT

When generation process is finished, finite element mesh is invisible for the user. To display it
on the screen analysis database should be imported.

5 ICON: Import

MENU: SOFiPLUS - Analysis Data Base (CDB) - Import (.cdb - .dwg)
Command: SOF_GENFIN

/ "'t';
< WSS
R 7770
(7 o
SIS
LLEATL NG00
050
B s
G LA
“’Q-
X5

T 750005
Ny e weN
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8.10 STRUCTURE CONTROL

Since mesh is generated, it is advisable to make visual control over the structure. Program
Animator enables the best visual control of the structure.

% house.cdb - Animator -0 x|
Eile Edit Reduce Yiew Color Settings Spezial Help

Baku EaprnsBEw|xyzo|+aa %

Ready Structure A

Straightaway user notices that error occurred while modeling the structure. Region over the
staircase area is molded with finite elements. This region should be empty and the
neighboring area has to be moulded.

Also good practice is to check supports. Usually at complex structures, some supports may
be forgotten or wrong moulded.

% house.cdb - Animator =]
File Edit Reduce WYiew Color Settings Spezial Help

B~k udG|sPre/zBRw|xyzTF|¢aa %

Rearh Stichire “

In this case there are no errors in the supports.
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8.11 CORRECTION OF THE FINITE ELEMENT MESH

In the inspected example, errors are eliminated by deleting the structural area over the
staircase region (use AutoCAD command Erase) and designing new area in the neighboring
area. After this corrections, finite element mesh and visual controls should be repeated. You
should be careful when re-creating the finite element mesh prescribed displacements in
points on the columns are not remembered and must be set again.

% house.cdb - Animator E =10 x|
File Edit Reduce View Color Settings Spezial Help

|Brevw& |[afrnaBEw|xyzF | ¢aaH|

Ready Structure 4

Correct structure is shown below.

Usually, in the process for generation structural areas, schedule of edge selection is not taken
under consideration. As a result, local coordinate systems of area segments may be
irregularly oriented. Ordinarily control on the local systems of area elements is made.

ICON: Display Area Elem. Coordinate System
iﬁ MENU: SOFiPLUS - Visualize - Area Elem. Coordinate System
Command: SOF_GQKS

Select the elements to draw coordinate systems. It is enough to select one element from the
group, because all elements have same orientation.
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For this example, it is obvious that three areas are oriented in opposite direction to the default
(Z-axis should be downwards). For these areas on all elements local coordinate system
should be rotated.

ICON: Rotate Area Element
i MENU: SOFiPLUS - Modify Finite Element - Rotate Area Element
Command: SOF_GQUADDREH

Select all elements which have to rotate the local coordinate system.

8.12 BASEMENT PLATFORM

First, Auxiliary Lines will be converted into Structural Edges. All structural edges, except
edges along the central opening, will be generated as beams with dimensions of cross
section 40/50 cm.

ICON: Structure edge
MENU: SOFiPLUS - Defined model - Structure edge
Command: SOF_PM_EDGE

Command: SOF_PM_EDGE

Start point (end+cen+nod+int) or [Select entity]: S
(Select all lines which will be converted as beams)

Select objects: 56 found
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Il SOFiSTiK: structural edge [# x|

Generall Support conditions  Beam |Bedding| UpperWaIIl Bottom \-\-"aIII

I

“ariable Crozs Section Element typg————
r define | " Ceriric bearm
= * Beam with referencedpils
£ Truss element

" Cable element
7 lke cross section

B/H/BO/HD 0/40/50/0

v T Towe T T T T owe
FCwe Toww Towe Tw T Tz T owe

[~ Hinges on each beam

"Hinges startpoint/endpoint

#| 3| | |

8.13 STRUCTURAL AREAS

Structural areas will be formed with option Pick Points in Area.

# ICON: Structure area
MENU: SOFiPLUS - Defined model — Structure area
Command: SOF_PM_AREA

Select option <Pick point in area>[PICK Point in area /SELECT Boundary/SELECT
Plane/PICK Structural edge]: PICK-P

To make the creation of the central area much easier, circle opening may be temporary
eliminated.

8.14 OPENINGS

During defining the opening in the center of the structure, first select the area in which
opening lies, and then the edge which defines the opening.

ICON: Opening
El MENU: SOFiPLUS - Defined model - Opening
Command: SOF_PM_HOLE

When circular opening was transformed into structural edge, program divides the opening on
four circle arches.
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Command:
Define opening
structural area: (click on the structural area)
pick structural line (end+cen+int+nea):
(click on the first circular arch)
pick structural line (end+cen+int+nea):
(click on the second circular arch)

8.15 BEAMS/COLUMNS

Beams will be entered by modifying the structural edges.

- ICON: Modify Structural Edges
B3 MENU: SOFiPLUS - Modify model - Structural Edges
Command: SOF_SOF PM _EDGE M

Select all edges which have to assign rectangular beams along their length. In the dialogue
box select Beam tab.

Il SOFiSTiK: structural edge [F x|

Generall Support conditions  Beam |Bedding| UpperWaIII BottomWaIIl

= Cross Section,. Wariable Cross Section Elfg-mecr:nti,;ie'm—
r define ... | ) )
{~ Beam with referencepile
= Truss element

" Cable element
" like crozs section

FCww Towp Twr T Ty T T ow
Cwe Ty Dwe N D Ne e

|' Hinges startpoint/endpoint

[~ Hinges on each beam

a ™ &Apply ™ ilze selected entities
ﬂ ﬁ ﬂ J 2 selected autamaticly for new selechionset Close I Apply

From the list select the appropriate cross section for the beam.

«
Nr MName
1 B/H/B0/HO0/40/50/0 cm o
Cancel |
Material |
T e Modify ... | Delete | Impart ... |
Modify Estended.. | Delete All | Egport ... |

Columns are created with command:

ICON: Beam
F - 8 MENU: SOFIPLUS - Create Finite Elements - Beam
Command: SOF_ GSTAB
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Command:
Start node (end+mid+cen+nod+qua+int+per+nea):
(Enter first node of the column)
End node (end+mid+cen+nod+qua+int+per+nea):
(Enter second node of the column)
Rotation of y-axis <0> or [Xx/Yy/Zz/Negx/nEgy/neGz]:
(Enter angle of rotation for the local Y-axis of the column)
First Beam No0.<337>: Return
Section number<1>: (Enter cross section number)
Start node (end+mid+cen+nod+qua+int+per+nea): Return
To simplify the process, only one column may be created and the remaining columns may be
copied with AutoCAD commands Copy or Array.

8.16 PERMANENT PLATFORMS

gimilarly other characteristic platforms are formed.

8.17 FINITE ELEMENT MESH (FEM)

Since structural areas will be created, finite element mesh is generated.
ICON: Mesh Generation
E MENU: SOFiPLUS - Generate - Automatic mash generation
Command: SOF_G_MASHGEN
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SOFiSTiK: Control of Mesh generat x|
r~ Fineness of Mesh — Output
Maximum pozsible length of 0
element's edge [m]: 4 [~ Material
Refinement Factor D '
B Ly N [~ Cross Sections

[~ Stuchural Data

[~ Hodes
—A&daptive Meshgenerstion ) s

I Aktivate Select lnadoase...
- — ™ Beam Elemerts

[~ Boundary Elements
expected emarin P—
eneray [17]; I j ™ ¥olume Elements

r Expeit's Menu
Mumber of relaxation steps (0-10) 3 ¥ Page numbers
Starting- a3
1 number

Smallest geometrical distance in structure: 0.986

MNumber of partial areas for paralle]
computing (1-B4]:

I~ use pelements Parameters |

Biand Wwidth Olptimization Save Settings |
’7 " Mo & Standard  © Estended ‘ Defaults |
(1] I Cancel | Help |

8.18 3D STRUCTURE

In the next steps, each platform is placed on the appropriate location in the structure.
Therefore, AutoCAD command Move is used. If a platform is repeating in the structure it can
be copied with Copy command.

8.19 EXPORTING DATABASE

To save all data related to the drawing in the analysis database, it has to be exported. In
complex structures it is advisable to control the database before exporting.

ICON: Export
& MENU: SOFiPLUS - Analyze Data Base (CDB) - Export (.dwg - .cdb)
Command: SOF_GENFIN
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8.20 ANALYSIS OF STRUCTURE

Analysis of the structure is done with WTEDY program.

ICON: Edit (Win Ted)
% MENU: SOFiPLUS - Analysis ...
Command: SOF_G

-lolx]

Fle Edit Reduce View Color Settings Spezial Help

|Batrws |[aBTnagBR=xyz[F]+08%

Ready Struckure &
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9. SPACE TRUSS - DOME

The space truss creates dome with radius 30 meters. The dome is made from steel tubular
profiles. The upper part of the dome has opening for illuminating the interior. The roof is made
from light materials that have no structural meaning. The roof is only for covering the area. It
receives and transfers loads from self weight, wind, snow and do not participates in force
distribution.

9.1 AutoCAD DRAWING PREPARATION

Create layer Mesh and use AutoCAD command:

Draw - Surfaces - 3D Surfaces - Dish

3D Dbjects

Boxad
Pyramid
Wedge
Dome
Sphere
Cone
Torus

Mesh

Brevious | Hexrt | Cancel |

to plot the area of sphere dome.

Command: ai_dish

Specify center point of dish: 0,0,0

Specify radius of dish or [Diameter]: 30

Enter number of longitudinal segments for surface of dish <16>: 20
Enter number of latitudinal segments for surface of dish <8>: 10
Command: zoom

Specify corner of window, enter a scale factor (nX or nXP), or
[All/Center/Dynamic/Extents/Previous/Scale/Window]

<real time>: e

The dome is rotated upside down, because you will use SOFiSTiK coordinate system in the
analysis, which has opposite direction of Z-axis than AutoCAD.
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For better description, three view ports are established:
View - Viewports - 3 Viewports - L

Command: -vports

Enter an option [Save/Restore/Delete/Join/SIngle/?/2/3/4] <3>: 3

Enter a configuration option [Horizontal/Vertical/Above/Below/Left/Right]
<Right>: L

Regenerating model.

The first view is axonometric review, the second view is second projection and the third is first
structure projection.

/ \
/] (MR
[ ] R
il LoV
[N R
[ 4[> [ »i]\ Model { Layout { I 14 ) 0
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9.2 STRUCTURAL SYSTEM

Structural system is spatial (Space). Analysis is performed according EuroCode (EC 2).
Structural system is revived with:

ICON:

&

Command:

S0FiSTIK: Data Base Description and Choice

Structural system
MENU: SOFIPLUS - Structural system...
SOF_GSYSMOD

|

Project:

I TRUSSDOME hd l
Orientation of Self Weight: IPos. Z-aiz 'l

D atabase:

Design Code: DN = |1D45 ‘l
I awirnum number of |-| 0000

elements per group:

Paintzize [m]: 005

Highest node Mo.: 1]

MNew... | Rename...

— Structural model
% Space

" Frame/wal
" Girder/5lab

Ainalpzis lpe;

INo system he l
W Groups on separate layers
— Data base coordinate system
* SOFiSTiK. WS = Cunent UES
— Drawing unit
* m = em = mm DOutput units... |
Seltings |
Ok I Cancel | Help | Delete |

Appointed parameters for structural system and database are:

Project TrussDome
Database TRUSSDOME
Orientation of Self Pos. 7 axis
Weight: )
Design Code DIN 1045
Maximum number of 10000
element per group

Point size 0.05
Structural mode Space
Database coordinate SOFiSTiK
system

Drawing units m

9-198

SOFiPLUS_Tutorial_IGH.docf




AKTIENGE

9.3 MATERIAL

The material for the slab is standard structural steel

ICON: Material
% MENU: SOFiPLUS - Defined model — Material
Command: SOF_GSYMATE

Acquired material is:

| Structural Steel | ST 37 (DIN 17100)

SOFiSTIK : Material x|

Mo Mame:
15T 37 [DIN 17100)

Mew . Modify ... Impart .. |

Delete Al Export ... |

9.4 CROSS SECTIONS

Two types of cross section are used in the structure: tubular profile D=70/2 mm and D=51/2
mm.

ICON: Cross Section
T MENU: SOFiPLUS - Defined model - Cross Section
Command: SOF_GQUER

SOFISTIK : Cross-Section Tube No: 1

Material | 157 37 DIN 17100)

Diarneter [mm] 70.0

Y all-thickness [mm) 20

Buckling Curve I - - |
-

Solid crozs section

Section-Tile [0 70.00/ 2.00 mm
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SOFiSTIK : Cross Sections il

Hr I arme:

| 1070/ 2 mm oK

b aterial ... |

HModify ... | Delete | Imnpart ... |

todify Egtended...l Delete Al | Expoit ... |

9.5 FINITE ELEMENT MESH

Two types of finite elements are used in the mathematical model of the structure: truss and
shell. First, shell element are generated. Finite element mesh density is determined during
drawing the surface.

Enter number of longitudinal segments for surface of dish <16>: 20 (20 segments along
the dish lenght)

Enter number of latitudinal segments for surface of dish <8>: 10 (10 segments in meridian
direction)

Shell finite element mesh will be created with objects.

ICON: Generate with Objects
ﬁ MENU: SOFiPLUS - Generate - With Objects
Command: SOF_GNETGEN

Select QUAD Area elements from the dialogue box, and enter 5 in the group number edit box.
It indicates that all shell elements belong to group 5 i.e. their number starts from 50000
(5-10000 maximum number of elements per group)
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SOFiSTIK: Element Generakio il

— requested element type
o QUAD Area elements

= BEAM Beam elements
= TRUS Truss beam elements

= ROPE Cable elements

kinimumm edge length [m): 0000

Group Mo

[ Break entities on intersections

0k I Cancel | Help |

Select the mesh during drawing the shell. On the following message:

SOFISTIK |

» | Explode selected Polvlines
\-."/ respeckive Polymeshes?

answer with Yes.
First Element number<50000>: Return

Accept offered number for numeration the first node in the group. Program converts the mesh
in shell finite elements. Exception is made in the upper part of the dome where mesh
concludes with triangular elements.

++++ ERROR: Spurious 3-D-Element can not be converted to a QUAD

Opening is positioned in the upper part of the dome and you should not cover it with finite
elements.
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9.6 CORRECTION OF FINITE ELEMENT MESH

Let the opening be larger and extend to the first group of finite elements. Opening is enlarged
by deleting finite elements from the uppermost segment of the shell. Deletion is done with
simple AutoCAD command Erase.

Command: erase
Select objects: (Click on point P1)
Specify opposite corner: (Click on point P2)

Truss elements will be created with the command:
ICON: Truss element
MENU: SOFiPLUS - Create finite element - Truss element
Command: SOF_GFACH

First, elements on meridian direction are created.

9-202 SOFiPLUS_Tutorial_IGH.docf



AKTIENGE

Command:
Node NA (end+mid+cen+nod+int+ins): (Click on point PA)
Node NE (end+mid+cen+nod+int+ins): (Click on point PE)
Section number<1> or [Prestress force]: Return
(accept proposed number of cross section)
First Truss beam No.<1>:
(accept proposed element start number)
Node NA (end+mid+cen+nod+int+ins):
(continue with the next meridian elements)
Node NE (end+mid+cen+nod+int+ins):

Then, generate horizontal segments, but only in range of one segment.

In the end, generate diagonal segment bars. For these bars number of cross section is 2.

Section number<1> or [Prestress force]: 2

N

With help of the command Array you are able to create truss elements for whole structure. To
simplify selecting the elements, make invisible all layers, except layer with truss elements
XO00FACH_TRUSSDOME.
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—Mamed layer filkerz
= . New Delate

IShow ol lapers jJ I~ Invert filker. . . | I |
[~ Apply to Object Properties toolbar. Current | Show details |
|Current Layer: O Save state... | Bestore state... |
Mame | On | Freg_ze... | L. | Color | Linetype | Linewg'i‘ght | Flot Style | F
-] v ] =1 [ 'white Continuos —— Default Calor_7 &
Winatation ¢ ] & [ whie Continuous —— Default Color 7 é
tdesh ¢ 4] & [ whie Continuous —— Default  Color 7 é
SOF_BOUND T i = [ Red Continuous —— Default  Color_1 é
T__KOMNS T ] = [ Green AUSGEZOGEN —— Default  Color 3 é
. FACH_TRUSSDOME T 5] ' [ Yelow Continuos —— Default  Calor_2 é
. ISAR_TRUSSDOME T 4 & [ whie AUSGEZOGEN —— Default  Calor_7 é
__ISEG_TRUSSDOME ¥ 4] & [ 'whie AUSGEZOGEN —— Default  Color 7 é
.__ISHO_TRUSSDOME T [ ' [ whie BUSGEZOGEN —— Default  Color 7 é
.___ISPT_TRUSSDOME T [ = O whie AUSGEZOGEN —— Default  Color 7 é
_ FMOT_TrussDaome T 4] ' mBle Continuous —— Default  Color 5 é
000FACH_TRUSSDOME q 4] [ ¥elow Continuous —— Default Color_ 2 é
005QUAD_TRUSSDOME ¢ [+ = [ Green Continuous —— Default Color 3 é
050UAD_TRUSSDOME T i ' [ Green Continuous —— Default  Color_ 3 é
1] | o

|1 4 Total layers 14 Layers digplaved
Ok I Cancel | Help |

Activate the command Array and enter the data according the copy of polar mesh and data
entered in dialogue box.

" Bectangular Amay ' Polar Anay Ehl Select abjects

Center pairt: s ID e ID _>[}|

— Method and walues

Method: {5@! i ﬂ{?
Tatal number of iterns & Angle ta fill j C—i? &
Tatal number of jterns: |2|:|— (I::I.'J
Angle to fill [0 _>[}| 62?
Angle between items: I‘]g— _>[}|

1%  For angle ta fill, 2 positive value specifiss
counterclockwize rotation. A negative value
specifies clockwize rotation.

1 objects selected

O

+

i

[y
By

Tip Cancel

Breswiet <

¥ Fotate items as copied Mo ¥ | Help

dids

Select already generated truss elements.
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9.7 SUPPORTS

Shell is supported on the bottom ring. Nodes in that part have limited displacements in
direction of all three axes.

ICON: Modify Node

":.:f MENU: SOFIPLUS - Defined model — Modify Node
L Command: SOF_GKNOTMOD

Select support points.
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Enter conventional displacements.
x
— Objects
Add < | Bemave < | Mark < |
20 zelected LCopy Properties < |
Mark nodes with selected restraints < |
—Restraints———— 1~ Edit gingle node
[V Madify v B I~ Hedify
A T
v Madify v B Intemal Mi.: ]
[ Modify [~ M= Coordinates & l:l
sy A
I Modiy [~ W2 z
Ok, I Cancel | Help |
To control the supports, make restraints visualization.
ICON: Display Restrains
'y MENU: SOFIPLUS - Visualize - Restrains

r Command: SOF_GFEST

You can fulfill particular adjustment in appearance of the supports.
Command: SOF_GFEST

Loading blocks for restraint symbols

Settings? [Yes/<No>]: Y

In this example, select red color and symbol size of 1.00 m.

AKTIENGE
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EI
Size of zpmbol [m] 1.000

Colour... | . 10

Cancel I Help I

Supports are displayed on the drawing.

N

AN
In certain situations, supports may overload the drawing. To hide the supports, you should
switch off the layer XV__ FEST_TRUSSDOME or use the command:

SOFiPLUS - Visualize - Delete Visualization

SOFiSTiK: Delete visualization x|

Type of wizuahzation
Support conditionz

<] | ©

" Delete

Cancel |

9.8 MODIFICATION OF SHELL ELEMENTS

By definition, you should generate shell elements with default thickness (0.20 m) and material
(1). In this example, shell elements have no structural meaning. They are inputted only to limit
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the space and to transfer the load from self weight, wind and snow on structural elements.
Removing elements from the structure stiffness can be made on several methods.

Accept small shell thickness, for example 0.01 m. For that purpose modify shell elements.

s

Command:

ICON: Modify Area Element
MENU: SOFiPLUS - Defined model - Modify Node
SOF_GKNOTMOD

Select all shell elements and enter new thickness in the dialogue box.

x|

— Object
Add < | Bemove < | Mark ¢ |
160 selected LCopy Properties < |

— M aterial r Diirection of local w-Axis

v Modify Mat & Show angle < |

[ Modify Reinforcement. .. |

I Modity e s [ ] ;
 Modiy Elemn. thk.[r]: el [

r— bedding

I Modiy v [ ]

fbeam  [kN/nf) [ 1]

Tangential [kN/r]: [ ] z [ ]
—Active parts of element stiffne: Alignment

[~ Madify ¥ Flate parts [~ Modify  Top

¥ Membrane parts (* Centre
¥ Perpendicular rotational parts " Bottam

r— Edit gingle element

I by Mode 1: l:l MHiode 3: l:l

Element o l:l Hode 2: l:l Hiode 4: EI

Ok | Cancel | Help |

You should input new material that has small modulus of elasticity. Click on the Slab
command button in the dialogue box. After that, click on the New button in the Material

dialogue box to create new material.

SOFiSTiK : Material

X

I‘I a Title:

r— Material Definition:

Humber: IMat A

Design Code: |[E

Type: Standard linear j

Special...

Properties ... |
Strength ... |
Bedding ... |

QK Cancel
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Declare a name for the new material and click on the button Properties... to enter material

properties.

SOFiSTiK : Material Static Properties

x|

Self weight [kM./m3] I'I q
Self weight with bryonocy |1 5
|1 e-005

Temperature coeff. [-]

Cancel |

[ Anisotopy

Elaztic Moduluz [MPa]

—
—
=

Paizzong ratio [-]
Shear modulus [MPa]

Compression modulus

Elaztic modulus 30

—
—
—
—

Faizzons ratio 90 ]
Euler anale || [grad]

Euler angle |l [grad]

Self weight [kN/m?] 1.5

Elastic Modulus [MPa] 10 small value.

During structure analysis make sure not to adjoin stiffness of shell elements in the overall
structure stiffness. Click to clear check boxes in the dialogue box that belong to the group

Active parts of element stiffness.

x
— Object:
Add < | Bemove < | Mark < |
160 zelected LCopy Properties < |
— Material — Direction of local w-Axis
[~ Modify Slab... | Show angle < |
I Mody __Feiocement. |
[~ Modify Group Mo.: l:l )
¥ Modify Elem thk [m] - Medly o [
r— bedding
I Modiy v [ ]
Abeam  [KN/ne] [ ]
Tangential [k} [ ] z [ ]
—&ctive parts of element stiffne: Alignment

v Modify

[~ Plate parts

[ tdodify " Top

[~ Membrane parts {* Centre
" Bottom
— Edit zingle element
I badiy MHode 1: l:l Hiode 3; l:l
Element Ho.: l:l Hode 2 l:l MHiode 4: EI
’TI Cancel | Help |

Also this procedure can be conducted in the TEDY module as additional command in
PROGRAM ASE. This process will be explained STRUCTURE ANALYSIS chapter.

9-209

SOFiPLUS_Tutorial_IGH.docf



QFSTT
AKTIENGESELLSCHAFT

9.9 INFORMATION / MODIFICATION OF STRUCTURAL
ELEMENTS

INFO/EDIT

With INFO/EDIT command you are able to review main properties of structural elements with
possibility to modify them if necessary.

> ICON: Info/Edit
: MENU: SOFiPLUS - Info/Edit...
Command: SOF_GINFO

Select structural element that you want to get information i.e. you want to modify. Dialogue
box is called up on the screen where all information about selected element are shown. If
previously selected element belongs to more structural elements, only information about one
element are shown.

5|
Object from type Area element belongs to data base TRUSSDOME.
Element number: 58124
Hode H1: 7482 -16.7705 23.0826 -9.27685
Hode H2: 752 -8.8168 27.1353 -9.27685
Hode H3: 753 -9.1564 281884 -4.6938
Hode Hu: 743 =17 . 4165 23.9717 -4.6938
Material number: 18
Reinforcement. Mat. Ho.: 2
Action: 24
Mean element thickness [n]: 6.6488
Thickness in K1 [m]: 0.0400
Thickness in K2 [m]: 0.0400
Thickness in K3 [m]: 0.0400
Thickness in K4 [m]: 0.08480
Bedding [KN/m*]: 0.8088
Tangential bedding [kH/m*]: 0.0888
Direction vector x-axis: 0.8910 @.4540 ©.0008
CEIRoe Hest Modiy

With the button Help information about the next element, which has mutual edge with
selected, are shown. By moving forward (Next) or backward (Previous) you can locate
element you want to review information.

9.10 LOADING

Define all load cases. In the example, default loads are accepted:

Roof weight 1.50 kN/m®
Show 0.75 kN/m?
Compression wind 0.40 kN/m?
Sucking wind 0.20 kN/m?
Equipment weight 1.00 kN/m’ along contour of the upper ring
Temperature 30°
.p?| ICON: Loadcase Manager
- MENU: SOFiPLUS - Loadcase Manager

Command: SOF_GLFMOD

Enter load cases with the button New.
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Il SOFiSTiK: Loadcase-Manager x|
|Cu|rent Loadcase: 1 [Dead Load] Current I Hew |
\I i | Description | Kind of Load | Type of Load | Load | Sha/ | fava. | u|
71 Dead Load General Loa.. G Dead Load 1.000 1000 1.000 i}
Y2 windl Additional L. W iwind 1000 0000 0000 1.000
§ 03 wind2 Additional L. W iwind 1000 0000 0000 1.000
94 Temperature  AdditionalL... T Temperature  1.000  0.000 0000  1.000
¥ & Mounting Additional L.. M Mounting 1.000 0000 0000 1.000

¥ Increment lnadcases automatically

Selfweight Pos. Z-anis Standard: DIN_1045 Ok Lancel Help

9.10.1 Dead Load

With Load Manager make the first load case current. Select the first load case and click on
the Current button.

In the load case 1 Dead Load, self weight is entered automatically by declaring value 1.00
(100%) to the factor SW. If in other load cases, you need to enter only percentage of the self
weight, you can accomplish that by entering proper value for the factor SW.

The weight of the steel profiles will be derived by multiplying the area with weight on m’. Roof
structure will be calculated as product in multiplying roof weight (shell element) on m? and
height of shell elements.

9.10.2 Wind 1

Acts on the front side of the shell. It is a load that acts in direction of global X-axis and on
whole element area. Before applying loads on elements, make the second load case current.
After that, apply the loads that act on area elements.

ICON: Element Loads
MENU: SOFiPLUS - Create Loads - Element Loads
Command: SOF_GQLAS

Command: SOF_GQLAS
Area elements to be loaded
Select objects: Specify opposite corner: 426 found
362 were filtered out.
Select objects: 1 found, 70 total
Select objects: Return
(elements from the front half of the dome are selected)
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Load type [Load/Mass/Strain/CUrvature/Temperature/Prestress/CReep]: L
Load [PX/PY/PZ/PXP/PYP/PZP/PXX/PYY/PZZ]: PX

Load value in kN/m?: 0.40

Load growth in z-direction<0.0000>: Return

9.10.3 Load 2

Make the third load case current and, as done before, apply loads on the rear side of the
dome, Px with intensity 0.2 kN.

Command: SOF_GQLAS
Area elements to be loaded
Select objects: Specify opposite corner: 426 found
362 were filtered out.
Select objects: 1 found, 70 total
Select objects: Return
(elements from the rear half of the dome are selected)

X T T >TPIX

NS IS S TSN
Load type [Load/Mass/Strain/CUrvature/Temperature/Prestress/CReep]: L
Load [PX/PY/PZ/PXP/PYP/PZP/PXX/PYY/PZZ]: PX

Load value in kN/m% 0.20
Load growth in z-direction<0.0000>: Return

9.10.4 Snow

Snow is a load that acts vertically on horizontal unit area. Make the fourth load case current.
Activate aging the command SOF_GQLAS, and select all dome elements and apply force
PZP with intensity 0.75 kN/m?.

Command: SOF_GQLAS
Area elements to be loaded
Select objects:

(select all dome elements)
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Load type [Load/Mass/Strain/CUrvature/Temperature/Prestress/CReep]: L

Load [PX/PY/PZ/PXP/PYP/PZP/PXX/PYY/PZZ]. PZP
Load value in kN/m?: 0.75
Load growth in z-direction<0.0000>: Return

NOTE: To simplify selection of elements, it is eligible to hide temporary already created loads.
It performed by the command:

SOFIPLUS - Visualize - Delete Visualization

In the dialogue box, check the &Loads check box and click to select Switch Off.

SOFisTiK: Delete wisualizati il

Type of vizualization
[ Support conditions
Lloads

| ©
= Delete
Cancel |
9.10.5 Installation

Forces from installation act as uniformly distributed line load along the length of the
uppermost dome ring. After you select fifth load case (Mounting), activate the command:

r"':} ICON: Boundary Loads
MENU: SOFiPLUS - Create Loads - Boundary Loads
Command: SOF_GRLAS

This command requires sequence input of nodes that receive the line load.

Command: SOF_GRLAS
Start node (end+mid+cen+nod+int+ins): <Osnap on>
next node (end+mid+cen+nod+int+ins):
Select additional intermediate nodes Return
next node (end+mid+cen+nod+int+ins):
Select additional intermediate nodes Return
(select all nodes from the uppermost ring)
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Load type [PX/PY/PZ/IPXP/PYP/PZP/PS/MX/MY/MZ/M]. PZ
Load value in kN/m Start: 1.00
Load value in kN/m End<1.0000>:

9.10.6 Temperature
Make Load case 6 Temperature current. Activate again the command:

e ICON: Element Loads
il MENU: SOFiPLUS - Create Loads - Element Loads
Command: SOF_GQLAS
Command:
Area elements to be loaded
Select objects:
(select all structure elements)

Load type <Load>[Load/Mass/Strain/CUrvature/Temperature/Prestress/CReep]: T
Load [TEMP/DT]: TEMP
Load value in °C<0.7500>: 30

9.11 DATABASE EXPORT

Drawing data have to be transferred into analysis database, wherefrom the rest modules will
get necessary information.

ICON: SOFiPLUS - Export
é[l MENU: SOFiPLUS - Analysis Data Base (CDB) - Export(..
Command: SOF_GENFOUT
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SOFiSTiK: Export x|
— Type of output————————————— ~Rangeofexpot———————————
¢ Database .CDB [V Export system

[v Export load data

" ASCIlFiles .55 and .LF [ — | Al

[¥ PBrint and optimize:

= Check run [no output)

— Output for pragram

" STAR2/3 " SEER (Flatte] € SERP(Scheibe] i+ ASE
¥ Mark nodes with distance <= 0.0000 m from each other
v Cormect without prampt v Conect without screen marking

[V Pagenumbers Startrumber:
Name in drawing: TRUSSDOME Data bazes avail.: ITHUSSDDME v[

Output-file: CASOFISTIKASAMPLE SATRUSSDOMENKOKALS

Select autput file... |

Cancel Help

9.12 STRUCTURE ANALYSIS

Analysis of the structure is done in the program WTEDY.

ICON: Edit (Win Ted)
E MENU: SOFIPLUS - Analysis ...
Command: SOF_G

At the first start of this module, a dialogue box is called up where you should enter input file
name.

Look jn: I I Kokalanoy j - £ Ex- all |

e TRUSSDOME

'ﬁ: trussdome_IFd

<L TRUSSDOME_MAY
ﬁ: trussdome_mish

File: narne; TRISSDOME] Open I
Files of bpe: — [* dat d Cancel |

Locste | EindFie.. |

In this example it is the file TRUSSDOME.DAT. After you select the file, working environment
of the program WTED is shown. Program disposes of large number of functions which control
the calculation and commit selection and method of viewing the results. By activating this
working environment, input file is loaded in the editor. This file can be additionally modified in
order to load certain operations not enclosed with the default options or to change the
parameters of the default options.
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[EVFle Edt View Block Extras SOFISTK Window Help
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=lolx|
=181 x|

DEFAGEHE | 2R - 2 (aRA % BEDEs SR 2]

| [TRUSSDOME.DAT =l Line 1 of 20 Col 1 | e == B8 win | §0) & & fich ® <© @ @‘
2 R
&

I | +PROG ASE -E urs:1

gz | §YST PROE line ITER 1

— | ECHC full neo: ECHO lecad yes: ECHO REAC yes

+*

#include S i(name).lf
(+ | END

+PROG GRAF -E urs:z
| Secould be extendet

7| vIEW 8TAN 1 1 1 POSZ
| QUAD TYPE hm

=1 IZ0L TYPE w

¥ | EMND

P

& #include % (name)_max.dat

£ | END

@ End of file E
[EZ TRUSSDOME ... 4| 2
Press F1, to receive help, v

In previous chapters, process of turning off the stiffness of the shell elements
was explained by using small modulus of elasticity or small shell thickness. In
continuance, this process is explained in module ASE (module for 3D
structure analysis). Enter the command:

GRP 5 OFF

that turns off elements from the group 5 (shell elements)

+PROG ASE M80 -E urs:1

SYST PROB LINE ITER 1

ECHO FULL NO; ECHO LOAD YES; ECHO REAC YES
GRP 5 OFF

#include $(name).If

EIGE 10 LC 101

END

From the input file, it is obvious that the calculation process can be activated by two program
modules: ASE and GRAF. The list of default program modules is determined by the selected
structure model. You can extend the list, or you can remove certain modules that are not in
analysis interest.

In the list of modules:

3 TRUSSDOME.DAT
e[| ase

the sign “+” denotes that a module is included in the analysis. Module can be removed from
the analysis by changing the sign in “-“ (click on the sign “+”). Thus, user is able to control the
programs which participate in the calculation. Three separate icons start the calculation
process:
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Starts the WinPs module which allows control of the computation process.
¥ SOFISTiK WinPs - C\SOFISTIK: Samples’, TrussDome' Kokalanov', TRUSSDOME.DAT =1of x|
Eile Edt Wew SOFSTK Window Help

Er RS A= T TR

B C:\ SOFisTiK'\ Samples’, TrussDome Kokalanov', TRUSSDOME.DAT - Ellﬂ
+ |[=3 TRUSSDOME.DAT

All g

Execiis

CD-base

TRUSSDOME cdb j Search

1 bdodul |Iter.. | Errar |War.. | Time I
-
=1
T
+7
=T

[~ Continue after ermors ™ Append iesults
V¥ Support Result Wiewer URSULS T Mo echao print

Ready

A

b

Starts the calculation immediately. All marked modules will execute.

i

Only module in which cursor is positioned, will execute.

During the analysis, several text files are created which contents are possible to view by the
following icons:

Di Elgl ngl F‘g ng|

Dot

TRUSSDOME.DAT - input file formed by exporting the database and can be modified in
TEDY.

Erg

TRASSDOME.ERG - file that contains loads and reactions dalta .

SOFi8TiK AG * License No. 4140:001 =
AGE - ADVANCED SOLUTION ENGINE (W11.01-93) 5/30/02

TrussDome

DEFINITION OF LOAD TYPE IN THIS OUTPUT:
PZZ - load in global direction Z in reference to the element 1.
PZP - load in gleobal direction Z in reference to the projectiol
Pz - load in local direction z
PG - load in dead load direction in reference to the element

LOAD CASE 1 iz j Dead Load
Factor forcezs and moments
Factor dead weight DL-ZZ
unfavourabkly safety factor
favourably safety factor

.ooao
.00o
.0aa
.oaa

e

Lst

TRUSSDOME.Lst
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Pt TRUSSDOME.PRT- file that contains output files data
= #** gtart: Program WinPs - Version 59.4.5.8
*** Btart: Program ASE
ADE - ADVANCED ESOLUTION ENGINE - VERSION: 11.01-99 Windows_HNT

Input file TRUSSDOME.#01

output on file trussdeome.l=t

Grafic cutput on file trussdome.plk 121 status 0O
CDBase 1s working multi-user-/multi-task-mode

Memory allocated : 512 datablocks with length 540
Project data base .‘trussdome.cdb - 14. access
Project: TrussDome

Projectfile vtrussdome. 541 gtatuz 1 unit 101
Projectfile hwtrussdome. 542 status 1 unit 102
Projectfile Avtrussdome. cde statuz 0 unit 103
Frojectfile vtrussdome. 544 status 0 unit 104
Workspace 5.7 Megabyte

loadcasze 1

loadcase 2

loadcase 3

loadcase 4

loadcasze 5

| Lsm] | TRUSSDOME.Lsm

9.13 DISPLAYING NODE/ELEMENT

If during the analysis program displays errors then the messages for those errors are usually
connected with the node or element where they appear. At large structures with plenty of
elements and nodes it is very difficult to find directly the needed element/node. The right
module for that purpose is WinGraf module and its option for displaying elements from the
structural system.

‘T’j ICON: WinGraf
L_ | MENU: SOFiIPLUS - Graphical output - Graphical output... Command:

For example, if you want to find nodes with the numbers from 750 to 760 from the work area,
activate Result types:

| Layer 4
EIE FPage 1
Elg| Picture 1

MNumbers of nn:u:lesl

or the icon

|ﬁ Draw System Variables
to open the Draw system-definitions dialogue box, wherefrom you should select Definitions of
elements — Numbers of elements.
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Draw system-definitions x|
Select | Text |
Element Systemdefinition

Structure Mumbers of nodes
Contour Mumbers of fixed nodes

z of hodes x-coordinate
Defiritions of elements -coordinate
Z-coordinate

Geodetic Height
Mode plate thickness
Mode coordinate syztems
Internal node numbers
_>| Internal QUAD node numbers

Representation

Text ﬂ

Estreme Val BO7 ... 804

= Al rumbers

" Special numbers

% Humbers from I?EU to I?EE[ Increment I‘I
Wectordesian. . | Areadesian... |
St[ucturedesign...l
Llinedesian... | lznlines, .. | Eill:5rea. .
ok, I Cancel | Help |

Click on the option Number from ... to ..., to enter the range of numbers that you want to
display.

9.14 LOAD CONTROL

Load control can be performed in text files, program URSULA or WinGraf and its tools for
displaying the loads. For example, to display the forces for the load case 2 Wind 1, select the
option Area Loads in local components from the Result types work area
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Ha Loads
£l loads
2 Al elements
2423 Area elements
[ Dead load
=429 Forces
: Load vector on area proj
oad in global componet
oad on aiea projection
Area load vector [local I
) [rea load in local cumpun@l
[0 Ares load in local »
{D Temperature
-] Trussing
-] Boundaries
-] Beams
[#-[] Total Load-vectar
£ Results
O

Verzchob. Struktur

or by clicking on the icon

£| Draw loads

AKTIENGE

to call up the Draw loads dialogue box and select Trussing — Forces — Area Loads in local
components. From the combo box Loadcase select 2 Wind 1. Representation is by vectors.

Representation — Vector

Select |Tth I

Element Loadgroup

Loadtype

All loads [ead load
All elernents

Temperature

Trussing
Boundaries
Beams

Total Load-wectar

2+

Loadcase

2wilnd 1 =]

ExtremeWal:0.000 ... 0,400 kM/m2

Load vector on area projection
Load in global components

Load on area projection in global 2
Area load wector [local loads

Area load in loc
Area load in local «

dl | ©

Reprezentation

IVeu:t-:r j

 Uszer defined unit |E|_2IJDEIDD kM/m2=1 cm.

© Maimum in cm
¢ Defalt

Wectordesigr... | Areadesigr...

Linedesign... | lzoLlines...

|
| Eiterea.

Factorz

Ditferences

Stucturedesign. . |

x|

Ok I Cancel | Help

Results from the appointed options are shown on the following picture.
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9.15 RESULTS

Results in WinGraf are presented by the command:

ICON: Draw Results
e MENU: Select — Draw Results...

or select Results — Trussing - Trussing Normal Forces in the Result types work area.

LU g 1o Lo v
L——_Ia Reszultz
&[] Modes
=-[] Area elements
- @[] Forces
&[] Shesses
_ |:| Main tenzion/compress
-3 Trussing
Truzzing normal force

Select the load case in the opened dialogue box to display results and the method for
showing the results.
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Drawresults x|
Select I Teut |

Elemert Resulkgroup

Trussing nomal force
Truzging dizplacement

L EARKY | ©
Loadcaze Representation
I B:Mounting j IFiIIed line representation j

Extreme al-20.1536 ... 8.407 kN

" User defined unit |1D_DDDDDD kN=1 cm.

€ Magirum in cm Factors

&+ Default Differences

Stucturedesign... |
Linedesign... | |zo-lines. . | Fill-tirea... |
ak. I Cancel | Help |

Yectordesign. .. | Sreadesign... |

Graphical presentation of the results for the load case 5. Mounting is as shown on the
following picture:

0.00 -lo W BN - W0 - 4000
| L L ! !

J0.00
1

i
1

9.16 VISUAL CONTROL ON THE STRUCTURE AND RESULTS

For quick visual control on the structure and its geometry, you should use the program
ANIMATOR.
g

LF

In the current example, main interest are truss elements, so it is advisable to hide the shell
elements in the structure.
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T Command - Shoot one group, allows to hide the shell elements by clicking on them
(shell elements belong to special group 5).

* trussdome - Animator ;Iﬂlll

File Edit Reduce Wiew Color Settings Spezial Help

l@~huwd|aETkaBEw|xy 2T 408 %

Ready Structure 4

You can obtain deformations from certain load case, by clicking the load case in the combo
box which is activated by

N Command - Choose loadcase

Select the load case in the following dialogue box, the magnitude, animation speed and
picture rotation speed.

SOFisTiK-Animation El

bl agni- Speed Dizpl. O=gteady

we 1902 o |5
J J J Speed Rotation

Loadcaze ﬂ—l ﬂ LC-loa

LF 2Wind 1
LF 3 'wind 2
LE & Snew [

If you select:

Command - Coloured result, beside deformations, the stress alteration in the
elements during structure deformation is shown in differed colors. If you click on the icon:

M)

animations stops and representation of the structure deformed shape is displayed.
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9 trussdome - Animator -|ol x|
File Edit Reduce Wew Color Settings Spezial Help
Brmwg|laPTwzBEw]x ¥ zO| ¢ a %
Loadcase 1 Relative stress sigmaffc
|Max.sig-beam|= ca. 45.38 N/mm2 [s/fc=0.19]
Exakt stresses only with AQB!
Max.sigv-quad= 0.00 Nfmm2 [s{ic=0.00)]
' sigmajic=-0.189
0.0
+
sigmaffc= 0.189

To display static values in particular element, use the tool:

% | Element info

Click with the target on a element to display information and the forces for the selected
element are shown in new window.

* trussdome - Animator

File Edit Reduce Wiew Color Settings Spezial Help m

jD”NLF+W§|H.‘@|? =2 EE%_Q‘H % v Z[Truss—nu. 222

Loadcase 1 Relative stress

Exakt stresses only with AQB!

sigmajfc cross sectio 1 nodes: 763 7T

[Max.sig-beam|= ca. 45.38 Nfmm?2 [s}fc=0.19]

Max.sigv-quad= 0.00 Nfmm2 [s}fc=0.00] Loadcase 1

N= T.7kN

+

sigmaffc= 0.189
focal length= 50.00 mm

Distance to system center= 102.00 m
Reaty
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9.17 QUAD ELEMENT LOADING EXAMPLES

9.17.1 ELEMENT LOADS

i ICON: Element Loads
i MENU: SOFiPLUS - Create Loads - Element Loads
Command: SOF_GQLAS

Command: SOF_GQLAS

Area elements to be loaded

Select objects:

Load type <Load>[Load/Mass/Strain/CUrvature/Temperature/Prestress/CReep]: L

9.17.2 Uniformly distributed load in local Z-axis direction
Load <PX>[PX/PY/PZ/PXP/PYP/PZP/PXX/PYY/PZZ]: Pz

Load value in kN/m?<10.0000>:10.00
Load growth in z-direction<0.0000>: Return

$ 1000

?

ELLSC

@

A

F

T
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9.17.3 Variable load in local Z-axis direction

Load <PX>[PX/PY/PZ/PXP/PYP/PZP/PXX/PYY/PZZ]. Pz
Load value in kN/m2<10.0000>:10.00
Load growth in z-direction<0.0000>:1.00 (100% enlarged)

10

9.17.4 Uniformly distributed load in global X-axis direction -
projection

Load <PX>[PX/PY/PZ/PXP/PYP/PZP/PXX/PYY/PZZ]: PXP

Load value in kKN/m2<10.0000>:10
Load growth in z-direction<0.0000>:Return

X
/ "

~
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9.17.5 Variable load in global X-axis direction - element projection

Load <PX>[PX/PY/PZ/PXP/PYP/PZP/PXX/PYY/PZZ]: PXP
Load value in kN/m2<10.0000>:10
Load growth in z-direction<0.0000>:-1  (100%)

9.17.6 Uniformly distributed load in global X-axis direction

Load <PX>[PX/PY/PZ/PXP/PYP/PZP/PXX/PYY/PZZ]: PXX
Load value in kN/m2<10.0000>:10
Load growth in z-direction<0.0000>:Return

Z AOCALNA

10

9.17.7 Variable load in global X-axis direction

Load <PX>[PX/PY/PZ/PXP/PYP/PZP/PXX/PYY/PZZ]: PXX
Load value in kN/m2<10.0000>:10
Load growth in z-direction<0.0000>:-1 (100%)
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SOFiSTIK: Create free areaload [ =l

Load walue F1: (kM Anf] I1 0.00 Mame of load: I—
Load value P2: [kM /] I'IU.UU Loadcase: |1 'I

Loadt Load * || P24 - global load = -
Load value F3: (kN |1n.no nadype]Loa =l globalloa =
o= e | LR %A |1D.DD Group- / reference number | Al I

[ simplified Fiepresentation Talerance width

a [T | Wse selected entiies. [T Spply
ﬁ @ E # . for new selectionzet autanmaticly
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ICON: Free Area Loads
MENU: SOFIPLUS - Create Loads — Free Area
Command: SOF_GBLAS
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9.17.8 In global X-axis direction
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SOFiSTiK: Create free areaload
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™
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Load walue P1: [N ArrE]
Load value P2 [k ]
Load valus P3: [kM Aree]
Load walue (P4 = | [kMN/wf]

[ simplified Fiepresentation
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Mame of load:

Loadcaze:
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Reference Type
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Diirection of projection:
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I Apply
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ELEM - projectedii
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SOFiSTiK: Create free areaload

Load walue F1: [l Arr]
Load value P2 [k ]
Load walue P3: [kM ]
Load walue (P4 = | [kM/mwé]

[T simplified Bepresentation

| 5| 2| =| 2|

Mame aof load:

Loadcaze:

o [a]
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7 x|

|3

=

Loadtwpe | Load
Reference Type
Group- £ reference number
Direction of projection:
Talerance width

™ Apply
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[T | lze zelected entities
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= |Pee¢ - global load %

=
| QGRP - Group 01 > |
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IELEM - prniectedj
|15

Load acts only on QUAD elements from the group 1.
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Load value P1: [kM A
Load value P2 [k #rrE]
Load value P3: [kM Arri]
Load value P4 = | [kMmé]

[ simplified Fepresertation
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Loadcaze:

Reference Type
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Direction of projection:

Tolerance width
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Loadtype | Load
Load value P3: kMAwe]  [10.00 ¥R
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Reference Type
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SOFiSTiK: Create free areaload [Z x|

Load value F1: [k:M #ref] |1 0.aa0
Load value PZ: [kM ] Im.':":'
Load value P3: [kM#rie] |1 0.00

Load walue (P4 = | [kM/mwé]

I'IEI.EIEI

W uDL
[T simplified Bepresentation

| 5| 2| =| 2|

Mame aof load: I

Loadcaze: |5 j
jl F<P - glabal load relatecj

IE!GHF' - Group I:Jlj
Group- £ reference number v all —
Direction of projection: IZZ - projected in Zj
Tolerance width |1 ]
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9.18 SHELL ELEMENTS

9.18.1
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9.18.2

Load in gravity direction
Depth of the load is 70 m from the loading plane.

SOFiSTiK: Create free areaload

Load walue P1: [N ArrE]
Load value P2 [kM ]
Load valus P3: [kM Aree]

Load walue (P4 = | [kMN/wf]

[ simplified Fiepresentation

Mame of load:

Loadcaze:

AKTIENGESELLSCHAFT
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Loadtwpe | Load

Reference Type

Group- / reference number

Diirection of projection:

Tolerance width

jl PG - Load in grawity direj
IE!GFEF' - Giroup Gh "I

v all I
IELEM - projected "I
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a [T | Wse selected entiies. [T Spply
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o

9-235

SOFiPLUS_Tutorial_IGH.docf



AKTIENGE

- 4aap

=
)
.
!

A S

NN

]

-0

9.18.3 Load in global X-axis direction
Depth of the load is 70 m.

SOFiSTiK: Create free areaload

Load walue F1: (kM Anf] I1 0.00 Mame of load: I—
Load walue P2 [kM 4] I'IU.UU Loadcaze: |2 "I

Loadtype | Load ¥ || Fa%4 - global load = =
Load valus P3: (kM /E] |1IZI.IZ|D R J| g =
Feference Tupe IE!GFEF' - Growup G "I

Load valug |P4 x| [kN/nf] I-ID'I:ID Group- £ reference number ¥ al I
¥ DL Direction of projection: IELEM - projected "I
[ zimplified R epresentation Tolerance width IF"D

- [T Use zelected entiies. T &pply
ﬁ ﬁ E ﬂ' . for new selectionzet autanmaticly
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9.18.4 Trapezoidal load in global X-axis direction

Depth of the load is 40 m.

SOFiSTiK: Create free areaload

Load valus F1: [lkM #ré] |2EI.DD S — I
Load value F2: [kM #rre] |2U-UU Loadcase: |3 v|

Loadtype | Load * || P - global load hd
Laad valus P3: [kM 4] |1u.un P J| g =l

Reference Type IE!GF!F'-Group o]l "l
Load valuz |4 | [kh/nr] IEI Group- / reference number v all I

ruoL Direction of projection: |>¢< - projected in” 'l
[~ zimplified Representation Talerance width |4E1
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Load value P1: [kM#rif] I1EI.EID Mame of lnad: I
Load value F2: [kM /] Im-UU Loadeass: |4 "I

Loadt Load ~ ||FZ - local load 2 v
Load valus P3: [kN#nE] |1 oo pachpe]Loa JI neallna J
Reference Type IGGHF' - Group [ "I

Load value IF""1 jv (kN /] LI Group- £ reference number v I
IV uDL Direction of projection: IELEM - projected 'I
[" simplified Fepresentation Talerance width I'I oo
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10. Example 5 : Load distribution on building

Load distribution on floors.

Load is applied on the upper floor.

Load acts on 9.0 m depth (by presumption load has to be applied on all floors on 9.0 m depth
from the surface where load is applied)

SOFisTiK: Create free areaload & x|

Load value P1: [kM /e |1 0.00 Mame of load: I
Load value P2 [kM 2] I'IU-UU Loadcase: I? 'I

Loadh Load ¥ ||PZZ - global load 2 -
Load valus P3: [kN/mE] |1D.EIEI oadippe | Laa = global o =l
Feference Tupe [GRP - Group th =

peedilie |P4 jv ] I'ID.DD Group- / reference number v al I
v UDL. Diirection of projection: IELEM - projected 'I
[ simplified Representation Teleremea midl I-lq

o [T Wse selected entities. I Spply
ﬂ Q E =t for news selectionzet autarmaticly

Load distribution across floors.
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