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1 Preface

1.1 Tutorial Aim

This tutorial is an introduction to 3D modelling using a multi-storey building as an example. It
will guide you through the whole process of building the modell. Focussing on the general
approach of handling a 3D model using the SOFiSTIK software, this example shows you the

analysis according to EC 1 and 2.

Our graphical user interface, the SOFiSTIK Structural Desktop (SSD) will be used as a
command center. It allows you to control pre-processing, processing and post-processing
tasks for the entire SOFISTIK Software suite. For the system and load generation we will use
SOFIPLUS(-X).

The shown example of a multi-storey office building deals only with the above-ground
construction. The modelling of basements or foundations will not be covered here. Please be
aware that rigid support conditions will be used to simplify the model. This should be

modified for each individual project.

1.2 Tutorial Scope

This tutorial cannot discuss all of the program parameters, nor act as a substitute for the
program module handbooks. Prerequistes for use of this tutorial include a general knowledge
of the basic program features. These are described in the tutorial SSD / SOFIPLUS (Version
2010) - An Introduction (04.09.2009), which can be downloaded from the SOFISTIK website

Infoportal.

Further information about SOFIPLUS modelling and the SSD can be found in the SOFISTIK
website Infoportal SOFIPLUS 2010 (28.07.2011) & SOFISTiK Structural Desktop
(SSD) (13.07.2011) SOFinar series.

1.3 Program Versions

A SOFiSTIK 2010
A SOFIPLUS-X 2010 or SOFiPLUS 18.1 with AutoCAD 2010 or higher.

Preface 1
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1.4 Legend for this Tutorial
SOFIPLUS(-X):
A Commands that can be called from the command line begin with an underscore (i.e.
_audit).
A Al other commands are marked with bold letters and t h e  woomnandd(i.e.
command structural line). These commands are available via the toolbox, the

sidebar or main dropdown menu (command line is also possible, but you need to
know the correct syntax).

A If you wish to use the menu, the menu pathisi ndi cat edl fusi ngadh menu
(i.e. file>save).

Preface
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2 Description of the Project

Figure 1: Overview of the building

This tutorial will explain how to build the multi-storey office building model shown in figure 1.
The main structure comprises a number of shear walls, columns, beams and slabs, along
with a shear core (e.g. stair/lift core).

The shear walls and shear core provide the overall stability for the building. Columns, beams
and walls are used to transfer vertical loads to the ground level. A cladding transfers the wind
loads to the floor slabs. This is assumed as a single element from the bottom to the top of the
building and thus acts similar to a continuous beam. It also exerts a vertical load on all floor

slabs.

The building has an overall width of 12.0m, a length of 34.6m and a height of 19.5m. The
concrete walls are of concrete grade C30/37 and reinforcement steel is grade S500B. The
slabs (with T-beams) and all other cross section are assigned a concrete material of grade
C20/25 and reinforcement steel of grade S500B.

The analysis will be done according to Eurocode 2.

Description of the Project 3
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Figure 2: Building Floor Plan and Section 1-1 (not to scale)
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The data given here is example of wind loading according to Eurocode 1 (EN 1991-1). The
values are for use as an example only and may not conform with the latest code revision.

The following loads shall be considered:

Load Type Load Value
Self weight of the structure Calculated by the software
Cladding 0.50 kN/m

Superimposed dead load (internal partition walls) 1.20 KN/m2

Live/imposedl oad (of fi ces, ha|250kN/m?

Live/imposed load on stairways (floor slab only;|4.00 kN/m?

staircases not modelled, staircase loads ignored)

Snow 0.75 kKN/m?2
Wind See table below
Wind in Global Y direction (on the long side)
area cpe q [kN/m?] | we [KN/m2]
A -1.2 0.75 -0.900
" B -0.8 0.75 -0.600
T C 0 0.75 0.000
> D 0.8 0.75 0.600
E -0.7 0.75 -0.525
F -1.8 0.75 1.350
5 G -1.2 0.75 0.900
= H -0.7 0.75 0.525
| 0 0.75 0.000
Wind in Global X direction (on the gable side)
** area cpe q [KN/m?] | we [KN/m2]
A-1 -1.200 0.65 -0.780
e B-1 -0.800 0.65 -0.520
c=£ M C1 -0.500 0.65 -0.325
D-1 0.741 0.65 0.482
E-1 -0.465 0.65 -0.302
A-2 -1.200 0.75 -0.900
ol g B-2 -0.800 0.75 -0.600
Tg A C-2 -0.500 0.75 -0.375
D-2 0.741 0.75 0.556
E-2 -0.465 0.75 -0.349
F -2.11 0.75 1.583
5 G -1.31 0.75 0.986
= H -0.70 0.75 0.525
[ 0,2/-0,2 0.75 -0.150
with change of sign/ direction as required
** Because height>width, wind load area must be divided
over height according to the design code

Description of the Project 5
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Figure 3: Wind Loading in Global Y Direction (shown in WinGraf as filled area and vector)
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Figure 5: Overview of Load Areas for Wind in Global Y Direction (not to scale)

& This is an example only of how wind loading according to EC 1 may be applied in
this example. A fundamental knowledge of the relevant design codes is required.

Description of the Project 8
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3 Why Use a 3D Model?

Before starting with the project, we will first discuss

modelling.

the characteristics of 2D versus 3D

2D Modelling

3D Modelling

Workflow for the structure

Splits construction into
structural members;
analyse each member
separately

One large, complex model

Input/handling

Easy for each member, but
often results in many single,
independent files

Complex, but only one file for
the whole structure

Level of abstraction

High

Low

Modelling of details

Good for modelling details,
bad for coherence

Modelling of details not
recommended,
good for showing coherence

Time for system generation

Relatively little

Rather more

Changes/updates during the
working process

By hand for each member;
danger of omitting something;
can involveva lot of work

Only once for the entire
model

Complexity of model

Low

High, danger of fblack boxo
effect

Ease of verification (e.g. by
hand)

Relatively simple

Rather more difficult

Quiality of the results

Independent of the type of modelling, although more
dependent on the quality of the modelling

Global behaviour of the
structure

Difficult to predict, imprecise

More precise, e.g.
redistribution of forces can be
shown

earthquake)

Ability to model and show Poor Good
dependencies

Analysis of local stability Easy Difficult
Dynamic analysis (i.e. Difficult/impossible Simple

Time for analysis

Relatively low for single
components

Rather more; the entire
system must be analysed

Recommended type when
focus is on:

Localised design (details)

Global design (main
structural elements)

Why Use a 3D Model?
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The table above illustrates that each method has its own strengths and weaknesses.
Depending on the task at hand, 2D and 3D models can be used either in a complementary
manner or entirely separately. It is the reponsibility of the engineer to decide which methods
are most suitable for their project. Each method has its own advantages and disadvantages,
and each project has different requirements, therefore the engineer should make an informed
decision taking these into account.

This tutorial will outline the suggested workflow for the creation of a 3-D model of the

described multi-storey building, although it could also be modelled in 2-D.

Why Use a 3D Model? 10
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4 From the Structural System to the FEA Model

4.1 Preliminary considerations

To preclude (as far as possible) problems during the analysis/design of a 3D structure, we
recommend to start out by planning the structural system before starting to work with the
software. As discussed in the last chapter, it will not be possible to make a design complete

in all its details using a 3D model.

4.1.1 Considerations regarding the system

Your first task should be to make a list of all the design checks you need to perform.
Based on this list you can then decide which components of the structure you should model
and how far these can be simplified. (Note: Model as simple as possible, but as exact as

necessary.)

Next you should check if any of the components can be merged to a single structural

element (e.g. use of a single cross section for columns of similar dimensions).

Performing a preliminary design of the main structural members (e.g. on a simple beam-
model) may save you time during the design process and will provide a reference to check
your results against. It may also help if you are not sure how to model the details. You will
get a feel for the influence of the structural member on the main structure and if it is worth to

model it in detall or if it is sufficient to use a coarser model.

4.1.2 Considerations about loads and actions

Make a list of all actions and loads (see chapter 2 Description of the Project).

Form a concept for the load case numbering. SOFISTIK recommends using load case
numbers smaller than 1000 for single load cases, since numbers larger than 1000 are used
by default for loadcase combinations. It is useful to divide the load cases into number groups
according to their actions. For the analysis of this building the following load case concept

will be used:

From the Structural System to the FEA Model 11
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Load case(s) Content
17 99 Dead loads
1 Automatically determined self weight
2 Dead load in offices/halls etc
3 Dead load cladding
10071 199 Live loads on slabs/ roof
10171 113 Live/imposed loads
20071 299 Wind loads (with direction)
201 wind 1Y
202 Wind +Y
203 Wind +X; roof +
204 Wind +X; roof -
205 Wind i X; roof -
206 Wind i X; roof +
3007 399 Snow
300 Snow on roof

Keep your system flexible and easy to modify. Don 6t use consec
o numbers only; if you leave some numbers free between sections you will be able
to add extra load cases without disrupting the loading concept.

The following table shows the default loadcase combination numbering used by default by

the software.

Number range

Load case combinations by default

11007 1200 (default)

SLS T permanent

14007 1500 (default)

SLS i permanent (here: nodal displacements)

21007 2200 (default)

ULS

In some cases the program uses the same loadcase number to save the results
& of different superpositions. Nevertheless, the description only shows the name of
last superposition that has been saved with this load case number.

Ift hi s

i snbét urpodes virhply rehame theycombination.

From the Structural System to the FEA Model 12
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You may need to give thought to how your loads will be applied. For example, in this case,
we wi || need to apply wind | oading, however
could be applied to. So that the wind load can be applied to each elevation in its entirety,
load distribution areas (LAR) will be used. These enable the user to apply free loads to any
part of the structure, while the program calculates how these loads are distributed onto either

a frame structure or slab edges within the range of the LAR.

Because the LARs can only be defined to apply load onto elements in a maximum of three
groups, we need to consider how to apply the LAR efficiently.
One option would be to apply a LAR to the wall area for each individual storey, distibuting the

load onto the slabs in two groups.

Anot her option would be to apply a LAR to t
beam elements in a single group around each slab perimeter to which the loads would be

distributed. This is how we will proceed in this case.

4.1.3 Considerations regarding groups

You may ask, gfoWhenteptiarsl why lsheuld | use groups in my
model?0

The group concept is a classification system used by the software to keep your
model clear and functional. You can group parts of your structure by similarities,
o perhaps one group per construction stage, or one group per cross section.

If you define your groups in a distinctwa y y o u 0 ltolworkie a fastiahde
effective manner. This will allow you to, for example, (de)select groups of
structural elements with a minimum of input, apply loads efficiently,
analyse/design only particular elements or to set up graphical post-processing
tasks with ease.

There is no universal concept for the definition of groups because it depends on the problem
that has to be solved. In one case it may make sense to define all walls in one group and all
slabs in another, while in another case it might be more effective to group the elements by

floor level.

Using SOFIPLUS-(X), the group-divisor number is the same for all groups. Using
the default setting of 10000 (ten thousand) you can define up to a maximum of

& 999 groups.

Generally speaking, the group number multiplied by the group-divisor should
equal less than 10000000 (ten million).

From the Structural System to the FEA Model 13
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The group divisor defined the maximum number of (finite) elements allowed in
one group (quads, beams, springs, etc).

The element number of the finite elements consists of the group number (1* part)
and the element number (2" part). For example, if the group divisor is set to
10000, the finite element number is 345 and the group number is 23, the element

number will be 230345).

The following table shows how the elements in this example are classified into groups:

(assuming not more than 50

different cross sections)

Component Formula for group number
Slabs/roof Level number x 100

e.g. 1% floor group number = 1 x 100 = 100
Columns Cross section number + Level number x 100

e.g. column with cross section 1 on ground floor:
group number=1+0x100=1
exception: all dummy beams are in group 49

(assuming not more than 50

different walls on each floor)

Beams Same group number as the respective slab number
i.e. T-beam in slab of 1% floor: group number =100
Walls 50 + level number x 100 i.e.

Wall at 3" floor:
group number = 50 + 3 x 100= 350

4.2 Modelling the details

Although the primary purpose of a model may be to model the realistic behaviour of a

structure, it is important to keep your model as simple as possible. It is worth spending some

time thinking about the details to avoid mistakes and to create the most efficient model.

Building a rationalised model with fewer elements can not only save a lot of calculation time

but will also help you to understand the results.

Modelling details is dependent not only on the specifics of the FEA, but also on the

construction sequence and good engineering practice. In the following, some details and

decisions for the multi-storey office building will be discussed.

From the Structural System to the FEA Model
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4.2.1 Connection walls/ columns i slabs

o The following comments are made regarding walls, but in general they are also
relevant for the connections between column and slab.

There are basically two possibilities for modelling the connection between walls and slabs:
a) Rigid connection
b) Hinged connection

For the input of the model it is much easier to choose a rigid connection because this is the
default setting in SOFIPLUS(-X). However, you should consider this effect when planning the

reinforcement.

If using a hinged connection there is no analytical bending moment between the slab and the

wall, therefore planning and building the reinforcement is much easier.

The true structural behaviour is somewhere between cases a) and b). Thus, it is the
responsibility of the structural engineer to decide how the connections should be modelled.
Table 1 (Vertical Modelling Details on page 16) and Table 2 (Vertical Modelling Details on

page 17) show which decisions were made for the multi-storey office building in this tutorial.

From the Structural System to the FEA Model 15
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Figure 6: Overview of Vertical Connection Details

Description (Refer to Figure 6: Overview of Vertical Connection Details)

Case 1: Exterior wall:
1 Wall is effectively continuous from ground to roof, no hinges. Roof slab connected
with a hinge.
1 Central axis of wall is moved to the real borderline of the building, meaning that the
wall elements in the model have their nodes in the centre of their thickness. The

walls are moved outward very slightly (conservative).

Case 2: Interior wall:
1 Wall is effectively continuous from ground to roof, no hinges. Floor slabs connected

to walls with a hinge.

Case 3: Floor slab to exterior wall:

1 Hinge in the floor slab at connections to walls.

Case 4: Interior/core wall to slab

1 Floor slabs hinged at connection to interior walls. Walls are continuous.

Case 5: Columns:
1 All columns modelled with pinned connections where they meet slabs or supports

1 Floor slab acts as continuous beam through

Table 1: Vertical Modelling Details i Connection of Walls/Columns to Slabs/Roof

From the Structural System to the FEA Model 16
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4.2.2 Horizontal details
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Figure 7: Overview of Horizontal Modelling Details

Description

Case 1: Exterior wall considering real slab dimensions/mesh:
1 To avoid kinks in system lines (which do not really exist) and singularities in the
mesh, the system line of the wall is set to the boundary of the slab (instead of 1/3 line

of the wall)

Case 2: Interior wall:

1 System line = middle line of the wall

Case 3: Interior walls around openings:
1 Avoid kinks in the system line by choosing the centre line of the wall to the right of
the oO01liftd opening

1 Other walls modelled using Centre Line command

Case 4: Column support:

1 Model as a single structural point (with input of dimensions for punching checks)

Case 5: Downstand beam:
1 Downstand beams are modelled within the slab using a structural line with beam
properties. Any duplication of structure (i.e. due to beam flanges within the slab
depth) is dealt with automatically by the software. Refer to SOFi STi K 1

Philosophy in the ASE handbook. For more information.

Table 2: Horizontal Modeling Details

From the Structural System to the FEA Model 17
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Another typical case is the situation where a column is located close to the border of a slab
but not directly on it, i.e. the extent of the column lies in line with the slab edge and the center
point of the column is within the slab. In these cases it is better to model the column with its
centre point on the boundary, which will result in a better FE mesh. The minimal increase in
span width can usually be considered negligible.

Figure 8. Modelling Edge Columns Close to Slab Edges

4.2.3 Modelling wall pillars

For the modelling of wall pillars, i.e. sections of wall that may be wider than standard column
dimensions, you should decide whether it is better to model a column using beam elements
or quad elements in each case. This will depend on the system and the applied forces; thus,

no general solution can be recommended for this.

The problem is not only in the design of the wall or column, but also (depending on the
model) in the perfomring other checks for the adjoining slab, particularly regarding punching

design.

Using beam elements might seem easier for the design of the wall pillar but, where the
column dimension ration width:depth>2, the distribution of the forces might not be realistic. In
addition, the large point load caused by the beam element is a singularity and will result in

high localised moments in the slab.

On the other hand, if a small wall is modelled with quad elements you will have to check that
the punching areas do not overlap, because the program might integrate the forces of the

wall ends twice and produce an overestimate in the reinforcement design.

From the Structural System to the FEA Model 18
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Figure 9: Comparison of Wall Pillar Model Results

4.3

Meshing

Normally the meshing will be done automatically by SOFIMSHC. Nevertheless meshing is

still influenced by the user because all conditions are user defined, thus the quality of mesh

(and results) depends on the mesher and the quality of the model.

43.1

General hints for system generation

Define the group divisor as small as possible (see chapter 4.4 of the SOFIMSHC
handbook for more information)

If possible, use elastic supports to avoid singularities

Don 6t moodradch detail; you may generate an excessive amount of elements
with long calculation times, but not necessarily better results

Create your system with identical attributes for all elements at first, then modify them

gradually afterwards while performing regular export/calculation checks.

Hints for meshing with SOFIMSHC

Define intelligent boundary conditions; e.g. insert radial structural lines to assist the
mesh generation on edges with angle >90°, or to define a finer mesh in particular
locations.

Use features such as the column macro (This refines the mesh around a column if a
structural point is not placed upon a structural line, i.e. placed within a slab area).
Define the actual dimensions of the column head within the structural point dialogue,
which will help avoid punching design problems. For further information, refer to the
Punching Checks chapter in the BEMESS handbook.
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A Place your model near the drawing origin point (0,0), i.e. do not use the Gauss-
Krueger coordinate-system or similar. Placing the model at a location with large
coordinate values reserves a large number of digits which can cause computational
inaccuracies if calculating a system with small dimensions.

A If you need a finer mesh, refine the model locally first (e.g. by setting an area mesh
density or assigning a max edge length to structural lines) before decreasing the
Mesh Density in the Export dialogue. This will help to keep the elements in the

drawing and the calculation time to a minimum.
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5 Workflow in SSD

1. System definition with the System Information task

2. Define Materials

3. Define Cross Sections

4. GUI for Model Creation (SOFIPLUS-(X)) task

5. Define Combinations

6. Linear Analysis

7. Define Superpositioning (if necessary)

8. Compute Superpositioning

9. Design Parameters of area elements

10. Design ULS - area elements

11. Design SLS - area elements

12. Design ULS T Beams

13. Design SLST Beams

14. (Further tasks e.g. for 2" order theory analysis i not part of this tutorial)

15. Create results documention (not part of this tutorial)

Because working on a project is an iterative process, i t i s |iketo

o change something in your project. Aft er youdve made you

then rerun the system from the changed task until the end.

Workflow in SSD 21
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6 Tutorial Example - 3D Multi-Storey Office Building

6.1 Create a new SSD project

To make the input of this model easier, start with a 2D system and change it at a later stage

to a 3D system.

Select the opt i-pocessi @ nahe Bystena InforrRatiom dialogue. Note that
you can set the units you want to work with in SOFIPLUS. Check that units and the selected
coordinate system correspond with any referenced drawing.

< SOFISTIK: System Information [ = |
Project
Title: 30 Multi-storey Tutorial 2010
Database: |3D_MULTISTOREY_TUTCRIAL_2010 i
Directory: | C:\Users'en\Desktopltutorial_files), =

Design Code
EuroMorm EM 1992 (2004) Concrete Structures

Blen | [1992-2004 + | [Buildings + | [An Buildings v| [Bu +| Attitude fm] 0.0
Zones: Wind: ~ | Category: - | Snow: Earthquake: -
System Calculation

() 3D Frame ©) 3DFEA Orientation of Deadload: | Negative Z-Axis -
() 2D Frame ) 2D wal

) ) Type of Calaulation: Plane Stress System -
(") 2D Girder System @ 20 Slab

() 2D Prestressed Slab Module: ASE hd

Groups System preview
@ Fixed Group Divisor: 10000 z

Free Distribution

Standard model {mm)] [ Language... ]

Last modified with SOFPLUS(-X) 17.3 {(Service Pack 15.0)

Preprocessing
Kind of Preprocessing: SOFPLUS(-X) - graphical Preprocessing -
Groups on Separate Layers Coordinate System Drawing Units
o - STl @

Initial Workspace [m]: | 34.6 SOFISTIK o m

@ world © am

User ) mm
OK l ’ Cancel l ’ Help

Figure 10: System Information Dialogue

If you wish to use an existing drawing (e.g. architectural plan), ensure that the

& name of the database given in the System Information dialogue is the same as
the [drawingname].dwg, otherwise a new empty *.dwg with the name of the
database will be created.
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6.2 Define materials and cross sections
Define the materials and cross sections you need for the project:
Number | Kind of cross section |Concrete Nr. Reinforcement
1 Rectangle 1 S500 two-sided
2 Circle 1 S500
3 T-beam 1 S500 two-sided
Mavigation x
Fﬁ Project
2 System
E----%Syst&m Information
=5 yMaterials
1C 20/25 (EN 1992)
255006 (EM 1993)
3C 30/37 (EM 1932)
—|- ¢ Cross Sections
-5 1BMH=40/40am
-5 2D 30cm
- 5P 3 B/MH/Bw/Hf 150/200/25/40 cm
- Interpolated sections
KGUI for Model Creation (SOFPLUS-(X))
----J‘*Deﬁne Combinations
-|-Linear Analysis
- Balinear Analysis
----“*Superposiﬁnning
-|- Design Area Elements
----t‘iDesign Parameters of area elements
- ChgDesign ULS - area elements
-----Design 5LS - area elements
Figure 11: SSD Tasktree - Materials and Cross Sections
o Materials and cross sections can be added and modified later.
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6.3 Graphical input of system and loads with SOFiIPLUS(-X)

6.3.1 Input of the initial floor in 2D

Double-c | i ¢ KGUIdon Moidel Creation (SOFIPLUS(-X)) @ open SOFIPLUS(-X) and the
* . dwg wit h t helfnadrawng is feund witls thesdnme name as the database, a
new empty drawing will be created. After opening SOFIPLUS(-X), you may need to open and

confirm the system information again.

Before starting to work, you should check where the origin of the coordinate system in the
architectbés plan i s. | f it i's not yet adntie
geometry to the origin point by selecting all with Ctrl+A and using the AutoCAD command:
move. This will not only make work easier, but also prevent large numbers for the
coordinates which can cause calculation problems (see chapter 4.3.2). Also, if the model is

too far from the origin, problems may occur with the export and further calculation.

Create the system lines for the ground floor plan with the commands command: Copy to
structural Layer and command: Center Line from the draw menu or the sidebar.
Select the gridlines, the wall lengths and the slab boundaries, including those around the

shear core.

Ensure that all system lines are defined on the layer X__ AUFL
T (SOFIPLUS(-X) Layer for system lines).

Note that system lines are not equivalent to structural lines! System lines are
used only as help lines for creating structural elements.

Your system lines should resemble those in Figure 12. Tidy up the lines, e.g. using the

stretch/extend commands and AutoCAD element grips.

Tutorial Example - 3D Multi-Storey Office Building 24
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v

Figure 12: Ground Floor Plan with System Lines and Axes

You can also define grid of axes (gridlines) here in the same positions as in the original
drawing. Use the Axis Raster command and enter the information as in Fig 13.

Grid type Longitudinal axis
© Cartesian Mlcreate Distance [m]  No. of dist.
Radial Description: A 54 a
Textstyle Beginning [ |End
o
Start [m]: 1
/| Cirdl bol
ircle symbol End mil: 1
|:| Direction 0%
. . Text size [mm]: 3.5 -
Minimum size for

S Colour of axis: Length of axis [m]: 11

Insertion point:

Lateral axis

Create

Description: 1
Beginning [ |End

Extension:

Start [m]: 1

Distance [m]  Mo. of dist.
45

End [m]:

Text size [mm]:

Figure 13: Axis raster command dialogue

Select the Insertion point at the bottom left by clicking on the preview window, click OK, then

select the point of intersection between gridlines A/1. Press enter to confirm without rotating.

Next, switch off all layers except the one containing the system lines (X__ AUFL).
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v

Figure 14: X__ AUFL Layer Containing System Lines

From these lines, you can now start to create the structural elements, starting with the
structural lines that will represent elements on the slab boundaries and beams.

The purpose of this tutorial is only to demonstrate ways to work efficiently. The
o procedure outlined here is a recommendation only. There are many other ways to
achieve the same result.

Command: Structural Elements - Line

We will now insert some structural lines/dummy beams to the slab edges. (There would
normally be no need to create beams at these locations, however these are needed because
of the following reasons: In the group strategy decided earlier, the slab at each storey will be
assigned to a different group number. In this project that means that there will be five slab
groups in total. Later on, we will use Load Distribution Areas (LAR) to apply wind loading to
the O6cl addi ng 6 cribed laterinmorevdetail, howeger idisiraportant to note now
is that the LAR command can apply loading to a maximum of three groups only. Therefore
we will define some beams at each level and assign them to the same group which the load

distribution areas will apply to.)

Open the Create Structural Element Line command, then right click on the drawing area.

Select Api oaks or curveso sel ect ielecheadhefttheseduirddr om t h
boundary lines. When have finished the selection, close the command. Note that if there are

multiple lines in the same place, the program will ask you which one to select.

Donoét worry if your structur al lines are made

interpreted by the program as continuous through the join unless defined otherwise.
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Intermediate nodes will be automatically created by the program where they intersect with

other elements.

103z 1022 1023

1011
1015

1002
1007

1019

1034

|
|
|
|
|
@1 ob 1006 1010 1014 1018

€90T

080T
950T
2501
LEOT

1 1 1 1 1 1
¥ Sector of system Beam Elements,Quadrilateral Elements,Supporting Lines M1 - 145
4y Structural Lines

Figure 15: System with Structural Lines (WinGraf Plot)

o Because the facade will not be modelled, you will use load distribution areas
(called LARS) to apply the wind loads onto the structure. LARs act on beams and
the edges of slabs, therefore you do not need to create beams along the outside
edges of the slabs.

The load distribution areas apply the free area loads (wind loads) onto the system.
The free loads are automatically converted into equivalent beam/line loads during
the export to .cdb. The LARs act like a layer of quad elements with no stiffness.
Refer to chapters 3.16 & 9.3 of the SOFILOAD handbook for more information.

Command: Cross Sections

First select all the structural lines on the slab boundary using the Modify Structural Line tool ,
then right click when the selection is complete. In the dialogue that appears, open the
A Geer al 0 chande the graup number (in this case to 49) to have all dummy beams
within one group. This is important, because later you have to tell the LARs on which group

they will act.
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Then open the Beam/Cable tab and select the centric beam type. Then c | i c k
button to the right of the Cross Sections area.

Define a new rectangular cross section with nearly no stiffness (very small cross section). Fill

in the data shown in Figure 16. Close all dialogues with the OK button.

-

< SOFISTIK: Structural Line [# &= |
Lo aslE

Gener; Beam/Cable Deam Hinges Support Conditions Bedding | Lower Upper Wall Constraints | Loads |

Element Type Cross Sections
(7) No Cross Section Start Mone ( E] )
@ Centric Beam o
© ExcentricBeamorPle  End None SOFiSTiK: Rectangle Cross Section No: 4 [
frus Ent [T] Variable Bedding
' Bore Profic TNE Material [ 1 C 20/25 EN 1952) -] ]
n (HYDRA)  FE Mesh Method FE Mesh Options Height [m] 0m enforced
© Automatic "“ESh_i”Q _ Max. Edge Length Width [m] 001 enforced
(") Structural area independent meshing 0.0000
5] Generate one element Intersect with o
(") Generate one element with output sections
1) For truss elements and cables the mesh method 'Generate one element’ is recommended. IFactor for Torsional moment '] 1
1) For crossing cables the mesh option 'Intersect with other structural elements' should be deactivated I\;}, Factor for shear defarmation v] i}
| R R T o selected [7] AddBlements [ 0K | [Vz Factor fior shear deformation v] 0
SOFISTIK: Cross Sections
Mr Marme |
1E/H =407/ 40cm | Position of origin: Center of gravity -

.-"Hf 150 - Wwidth of equivalent hollaw section [m] [ | 0.0025

Reinforcement

I aterial [ - ] @

Tupe of reinforcement | tuo-sided

Kind of Reinforcement | fine reinforcement Factor

nio minimum shear reinforcement Inclination shear link [cot] |0
Diztance [em] Arealcm2]  Diameter [mm]

Top |01 0 12
( Mew ... ] [ Modify ... ] [ Delete ] [ Copy ... ] [ Impar Battarm |01 1] 12
[ Material.. | [ModiyEstended.] [ Deleteal | [ Bl cociontite Y —
Show interpolated sections [ LS ] [ Cancel ] H [ Static values >> ] [ 0K, ] [ Cancel ] [ Help ] J

Figure 16: creating cross section for dummy beams

Cl i c k @Generdlohale andi change the group number (in this case to 49%) to have all the
dummy beams within one group. This is important because you will later need to tell the

LARs on which group they will act. Confirm your input with OK.

! Number 49 because the highest group number for cross sections is 50; so 49 is a free number and

not used for fAreal o cross section groups
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() Cable Element
) As Cross Section
Channel Section (HYDRA) | - FE Mesh Method
@ Automatic meshing
() structural area independznt meshing 0.0000
) Generate one element
(7) Generate one element with output sections

Bore Profile | Nong

.1J For truss elements and cables the mesh method 'Generate one element’ is recommended.
.1 For crossing cables the mesh option 'Intersect with other structural elements' should be dea

FE Mesh Options
Max. Edge Length

Intersect with other structural elements

< SOFISTIK: Structural Line [F =]
General | BeamjCable | Beam Hinges I Support Conditions I Bedding I Lower/Upper Wall I Constraints I Loads |
Element Type Cross Sections
No Cross Section Start 4: dummy_beam E]
@ Centric Beam
() Excentric Beam or Pile End  4: dummy_beam E]
() Truss Element [] Variable Bedding

[m]

SOFISTIK: Cross Sections

ctivate
Nr

o B R e (3

1selected [] Add Elements ol 2

Mame

)

1B/H =400 / 400 mm
D 300 my
3 B/H/Bw,

durnriy_bearm

m
#HF 1500/2000/250/400 mm

Impart ... ]

Show interpolated sections

MNew .. ] [ Modify ... ] [ Delete ] [ Copy .. ] [
[ Masial.. | [ModipEstended.] [ Deltedl |
[ akK I I Cancel ] [ Help ]

Figure 17: Assign dummy beams to structure lines

Before we start with the creation of structural areas, the first loadcase for the self-weight of

the structure will be defined. Further loadcases will be created during the structural area

creation.

Command: Loadcase Manager

Open the Loadcase Manager. I n

t he

Act

ons

t ab,

you

Wi

actions are already created. Change to the Loadcases tab and created a new loadcase for

the G dead load action. Set the fi S Wiactor for this loadcase to 1.0, which instructs the

software to automatically calculate the self-weight of the structure with a factor of 1 using the

geometry of the model, its cross sections and assigned material values.
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SOFISTIK: Loadcase-Manager | 28
Mew

Loadzases | Actions

Mumber Description Action S Gamu Gamf Gama P=il Psil Psi2 'Pil
1 Loadcaze 1 G deadlo.. 1.000 Action Action Action Action Action Action Action

U galoe dlemelions] diseliae [ Increment loadcazes automatically

Ennpty input uzes default value of action
Sel weight Neg. Z axis Code: en_1932-2004 | ok || cCencel || Hep

- 4

Figure 18: Loadcase Manager

You can create all necessary actions and loadcases at the same time according to
o your loadcase strategy using this command. However you can create, modify or
delete loadcases later from within the loading commands.
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Command: Structure Area

In this case we will separate the floor slabs into discrete areas. They could be modelled as a

slab over entire floor area; however by separating them, it is easier to assign the imposed

loads for different areas, and also assists with the superpositioning for worst case loading.

The joins between them will be considered as continuous, unless otherwise specified.

Open the Create Structural Areas command. On the tab fGenerald enter all the data as

shownin Figure 19.1 n t he Me

Then right-click in the drawing area and c ho o s e

click into the first slab area.

ape

s hi t ab,

t he

ng

< SOFiSTiK: Structural Area
General Meshing

Mumbering

Mumber 1 Group

Increase group number

1st foor|
[m]

Mame
N
| Thickness  0.2500

CR T 4 iE

Support/Bedding

Geometry
Materials

100 Area

Reinforcement 2: 5 500 B (EN 1992)

1: C 20/25 (EN 1992)

x |

Figure 19: Creating a Structural Area

The opbbion @R

areao for

areas in the current XY plane of the drawing.

AdialoguecallediLoads f or

Structur al

select the option i
s e | oiattiniaceadande t hod
‘ Enter
Cancel
Recent Input 3
Dynamic Input 3
| POLYmesh
REGion
Plck lines or curves
E] RECTangle
- POInt in area
U SET working plane
Snap Overrides 3
£ Pan
Q Zoom
‘ @ SteeringWheels
‘ QuickCalc
t he ¢ omma fodany®

enclosed area in 2D systems. In 3D-systems it is only available for use in enclosed

Ar eFar the @ermaneht! aut or

Load, loadcase 1 is already selected. In this case, we want to keep the superimposed dead

load separate to the structure self-weight (which is defined in loadcase 1), so a new loadcase

needs to be created. Click ont h e

Aféodo button

to openCrettband Loadc a

select load case 2 using action G for the dead load. Then insert a load of 1.2 kN/m2 as the

load (which will be applied in the gravity direction).

Tutorial Example - 3D Multi-Storey Office Building

31



<8 SOFiSTIK

Tutorial - 3D multi-storey office building

Do the same for the imposed load. The loadcase number will be 101, action Q, load of 2

KkN/ m]. To select your own | oadcase number
loadcases automat i cal |l yo opti on.
Then, when back in the loading dialogue, ensure thatthe options A Aut o i ncr ement

andi Show di al o g aredecalektgd befoneacenfirming your input with OK.

o This automation for the load cases is only available if you click into the structural
area first (and not on the load button).

) B o ol - b
B SOFISTIK: Loads for Structural Area 1 il

L2 LA 5 1%

¥ SOFISTiK: Structural Area # e

Permanent Load

|”E| General | Meshing | Support/Bedding | Geometry
]7 Mumbering Materials Load Case 2: Loadcase 2 |_|
Number 2 Group 2 Area 1: € 20/25 (EN 1992) [ Dead Load 1,200 ]

/| Increase group number

Reinforcement 2: § 500 B (EN 1992) [ Temperature Difference  0.00 [l

z=boundary | Name  Area

Imposed Load

Thickness 0.2500 [m] _—
Load Case 2: Loadcase 2 |7|

@™ 0O L U

Live Load 3.000 [k fm ]

[a2]
d

g S

SOFSTIK: Loadcase-Manager

Temperature Difference  0.00 [=C]

3

Auto-Increment Load Cases

Show Dialog Once Only

Mew | oK | ‘
Loadcases | Actions
Murmber Drescription Actian S/ Gamu Gamnf Gama Psil Pisil Psi2 Psil
1 Loadzase 1 G deadlo.. 1.000 Action Auction Action Action Action Action Action
2 Loadcase 2 G deadlo.. 0.000 Action Auction Action Action Action Action Action

g

New loadcasenumber

Mumber of the new loadeass: 101

Ok | | Cancel

Usze global deadload directions .
Increment loadcases automatically
Empty input uses default value of action

Self weightNeg. Z aris Code: en_1392-2004 | ok || Cawel || Heb |

Figure 20: Loads on Slabs

The command fStructure Areadis still active (the dialogue is still open, and you can check
the command line to see that Sofiplus(-X) is waiting for further input). Now you can create all
other structure areas with the same properties simply by clicking in all areas. You should
create a new loadcase number for each of the area imposed loads , i.e. Ic 102 for area 2 and

SO on.
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Using the t-hecrhfidmeéot Load CasesoO opti ol
o automatically but it will select the

suitable for use in this input. When used, the automatically generated loadcase

numbers should be check to ensure that they correspond with your loadcase plan.

Note that the imposed load on the slab of the stairway should be 4kN/mz2 instead of 2.5kN/mz2.

Loading of areas in this manner is available only in 2D systems. It is not available in
3D systems, which is why it makes sense to start in a 2D system then change the
file later on to a 3D system. This allows you to easily copy the floor loads to the

o upper levels.

Since loads that are defined on the structure areas of this floor will be copied to all
other floors, fewer loadcases are required which will result in less load
combinations, assuming that the loading distribution will be the same on all floors.

st fidor (B)
ter ee_ vl
dai floor [2) sl floor [3 st floor (4 st floor (5] A A
dsi fleor (1] Loz oz et L2 pe sz nsm? Loz ooz pusnt Lor po vz pngme
Terbe 1. et tEfer pe 25 1576 25 Wi Tl e 2 F tEls R S i
A R
st floor (7)
Loz P 1.2 WS
T Sy
e
I
ZS isl floor (13 dsl floor (1) st floer [11) Isb floor (10) sl floor (B)
155 S R RS RIS E e HERE B R S dsi floor (27 TR L i
122 PG 1.3 i/’
A8 D
j Fom
(mn) =

Figure 21: System with Structure Areas and Corresponding Loads

Alternatively, you could use the structural opening tool to create openings for the
stair/lift wells. If a structural area is defined right up to the building perimeter, a
structural area opening can also be defined within it right up to the edge of the slab.

Any loads that are applied to structural areas with openings will be omitted in the
areas where openings are applied.
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Command: Structural Point

Next, you should define structural points at those places where there will be columns in the
3d-model. For punching shear checks and design in slabs, the perimeter of the columns will
be defined in the Structural Point dialogue.

Switch on the layers 0 and T_ACHS. Select the command Create Structural Point and enter

data for the circular section columns as follows:

.

< SOFISTIK: Structural Point # | =]
General | Suppaort Conditions | Springs | Lower Upper Column | Constraints | Column Head | Halfspace File | Loads |

Number 1 Dimensions (for punching design and macros)

Name Circular column 0 None

2lab Thidkness  0.2500 [m] @ Circular Diameter 0,3000 [m]
() Rectangular W= 0.2400 [m] H= [0.2400 [m]
[] create Column Macro

@ ﬁ @ @ 1selected || Add Elements [ CK ] [ Apply ] [ Cancel ]

Select the nine locations on the intersections of axes 1 & 3 with A-E excluding Al. Do the
same with the respective perimeter information for the six square section columns along axis

2, including F2. Close the command. Switch off the two layers X_AUFL and 0.

fladr (8]
sl
floar (2% flocr [3) Noor {4) floor (5} ok 4 HLR
i;:; AR B T Rl 3y S
floar (T}
R AL
O ival |l inul vl vl iwul
[mE) o o (=) o7 o
R
flogr (13) floar (12 floor (113 floor (10} floor (8}
A b 0 LU AW I BT flaor (g} G
Lf:;"%a-'”m;m:
O m P
& B

© © © © ® G ©

Figure 22: Defining structural points for columns
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Command: Export

The input for the 2D-system is now finished, so the next step is to check your file for errors
by exporting it to the CDB (.cdb database file) before changing to a 3D-system, which should
also be done regularly.

Export the system using the default settings so that you can check for any errors in the input
and correct them as they become known. Any errors, warnings or other information will be
displayed in the Log tab of the SOFIPLUS sidebar.

The Export command exports the system to the SOFiSTiK-database *.cdb and runs an
automatic mesh generation program. Usually you do not have to make adjustments and can
use the default settings. After export you should check your 2D system and its mesh in the
ANIMATOR.

& Remember also to save your file at regular intervals.

Figure 23: Generated mesh of first floor
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6.3.2 3D Modelling

Command: System Information
To start modelling the walls and columns, change the system information in SOFIPLUS(-X)
from 2D slab to 3D FEA.

Figure 24: Change system information
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