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1. Introduction

With this tutorial we would like to make you acquainted with various features of RFEM. Often
you will have several options to achieve your targets. Depending on the situation and your
preferences, different ways may be useful. We would like to invite you to play with the soft-
ware to learn more about the program's possibilities. With this example we want to encourage
you to find out useful functions in RFEM.

The following example represents a mixed construction built of concrete and steel elements.
We want to calculate the model for the load cases self-weight, live load, snow, wind and imper-
fections according to linear static and nonlinear second-order analysis.

You can enter, calculate and evaluate the example of this tutorial also with demo restrictions -
maximum 2 surfaces and 12 members. Therefore, you may understand that the model meets
the demands of realistic construction projects only to some extent. With the features present-
ed we just want to show you how you can define model and load objects in various ways.

As superimposing actions according to EN 1990 involves considerable time and effort, we will
use the generator for load combinations already integrated in RFEM 5.

With the 30-day trial version, you can work on the model without any restriction. After that pe-
riod, the demo mode will be applied so that saving data is no longer possible. In this case, you
should allow for enough time (approximately two to three hours) to enter the data and try the
functions without stress. You can also interrupt your work on the model in the demo version as
long as you do not close RFEM: When you take a break, do not shut down your computer but
use the standby mode.

It is easier to enter data if you use two screens, or you may print the description to avoid
switching between the displays of PDF file and RFEM input.

The text of the manual shows the described buttons in square brackets, for example [Apply].
At the same time, they are pictured on the left. In addition, expressions used in dialog boxes,
tables and menus are set in jtalics to clarify the explanations. Input required is written in bold
letters.

You can look up the description of program functions in the RFEM manual that you can down-
load on the Dlubal website at www.dlubal.com/Downloading-Manuals.aspx.
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2. System and Loads
2.1 Sketch of System

Our example is a reinforced concrete structure to which a steel construction is attached.

Figure 2.1: Structural system

The reinforced concrete structure is a substructure consisting of a floor slab with downstand
beam, a semicircular shell and two round columns. The structural system is built partially in the
earth.

The steel frame is a monopitch roof construction stiffened with a diagonal.

As mentioned above, the model represents a rather "abstract” structure that can be designed
also with the demo version whose functions are restricted to a maximum of two surfaces and
twelve members.

|22 Materials, Thicknesses and Cross-sections

We use concrete C30/37 and steel S 235 as materials.

The thickness of walls and floors is 20 cm each. Both concrete columns have a diameter of 30
cm. The beam has a width of 25 cm and height of 40 cm.

We use HE-A 300 cross-sections for the left and right steel frames of the monopitch roof struc-
ture. Both purlins are defined with HE-B 260 cross-sections. The bracing diagonal consists of an
angle iron L 80x8 with equal legs.
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2.3 Load

Load case 1: self-weight and finishes

In the first load case, the self-weight of the model including its floor structure of 1.5 kN/m?is
applied. We do not need to determine the self-weight manually. RFEM calculates the weight
automatically from the defined materials, surface thicknesses and cross-sections.

Earth pressure is acting additionally on the semicircular wall. The load ordinate at the bottom
of the wall is determined for a gravel backfill as follows: g = 16.0 kN/m?* 4.0 m = 64 kN/m?.

The roof load (roofing, supporting structure) is assumed with 1.2 kN/m?

Load case 2: live load

The area of the floor surface is used as an assembly room of category A1 bearing an imposed
load of 3.0 kN/m?.

In addition, a vertically acting linear load of 5.0 kN/m is taken into account around the open-
ing, representing a loading due to a stair access.

Load case 3: snow

The snow load is applied according to EN 1993-1-3 for the snow load zone 2 in Germany and
for an altitude of 500 m.

Load case 4: wind

In our example we analyze wind loading only in direction Y (wind direction: from low to high
eaves). It is applied according to EN 1991-1-4 for monopitch roofs and enclosed vertical walls.
Furthermore, we apply wind zone 1 and terrain category lll for the building. As the roof inclina-
tion is higher than 5°, we need to take into account positive and negative external pressure
coefficients. In this load case we will assume the positive coefficients.

The reinforced concrete area is exposed to wind loads only partially. For the column at the low
eaves side we assume a trapezoidal equivalent load with ordinates 0.5 kN/m and 2.0 kN/m. For
the column at the high eaves side we apply a uniform equivalent load of 1.5 kN/m.

Load case 5: imperfection

Often imperfections must be considered, for example according to Eurocode 3. Inclinations
and precambers are managed in a separate load case. So it is possible to assign specific partial
safety factors when you combine this type of load with other actions.

In our example we will analyze imperfections only in direction Y.

For the column cross-sections (HE-A 300) we assume the buckling curve b (displacement in
direction of y-axis) according to EN 1993-1-1, table 6.2. The inclinations @o and precambers eg
are determined according to EN 1993-1-1, section 5.3.2.

We apply imperfections for both reinforced concrete columns according to EN 1992-1-1,
clause 5.2.
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3. Creating Model
3.1  Starting RFEM
5 9 To start RFEM in the taskbar, we
5& click Start, point to All Programs and Dlubal, and then we select Dlubal RFEM 5.01
Dlubel REEVIS0L or we double-click the icon Dlubal RFEM 5.01 on the computer desktop.

3.2  Creating Model File

The RFEM work window opens showing us the dialog box below. We are asked to enter the
basic data for the new model.

If RFEM already displays a model, we close it by clicking Close on the File menu. Then, we
open the General Data dialog box by clicking New on the File menu.

- ~
New Model - General Data [iE-J
General | Options | History
Model Name Description
Tutorial Construction consisting of concrete and steel
Project Name Description
] Examples j Sample structures
Falder: = g
C:\Users'PublictDocuments*DiubalProjects'Examples
Type of Model Classification of Load Cases and Combinations
@ 3D According to Standard: National annes:
AT (=]
S 20X aloion) | P 7 | [(IWEN 1950 MIL_ )
T —

) 2D - XZ {uxfuz/ev)
) 2D - XX uxfuviez)

Create combinations automatically
@ Load combinations

~) Result combinations for linear analysis only)

Positive Orientation of Global Axis Z Template
~ Upward... 7] Open template model:
@ Downward 5
Comment

- | &
2| & @ B[ oKk | [ cancad |

L 4

Figure 3.1: Dialog box New Model - General Data

We write Tutorial into the input field Model Name. To the right, we enter Construction con-
sisting of concrete and steel as Description. We always have to define a Model Name because
it determines the name of the RFEM file. The Description field does not necessarily need to be
filled in.

In the input field Project Name, we select Examples from the list if not already set by default.
The project Description and the corresponding Folder are displayed automatically.

In the dialog section Type of Model, the 3D option is preset. This setting enables a spatial mod-
eling. We also keep the default setting Downward for The Positive Orientation of Global Axis Z.
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B EN 1990 A
| = EN 1930
EEH EN 1990 + EN 1395
== DIN 1055-100
=] DIN 1055-100 = DIN 1052
=] DIN 1052 (simplified)
=] DIN 18800
E5ASCET
I#ICAN/CSA 516.1-94
I« NBCC
ESACI 3181
== |5 800
3 514 260
3 514 260 + SIA 265
ai3 BS 5950
None
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The dialog section Classification of Load Cases and Combinations requires some settings: we se-
lect the entry EN 1990 from the list According to Standard. We don't change the setting CEN in
the field National annex to the right. These specifications are important when we combine ac-
tions with partial safety factors and combination coefficients conforming to standards.

Then, we select the check box Create combinations automatically. We want to superimpose the
actions in Load combinations.

Now, the general data for the model is defined. We close the dialog box by clicking the [OK]
button.

The empty work window of RFEM is displayed.

Model Data
Adjusting Work Window and Grid

4.
4.1

View
First, we click the [Maximize] button on the title bar to enlarge the work window. We see the
axes of coordinates with the global directions X, Y and Z displayed in the workspace.

To change the position of the axes of coordinates, we click the button [Move, Zoom, Rotate] in
the toolbar above. The pointer turns into a hand. Now, we can position the workspace accord-
ing to our preferences by moving the pointer and holding the left mouse button down.

Furthermore, we can use the hand to zoom or rotate the view:
e Zoom: We move the pointer and hold the [Shift] key down.

e Rotation: We move the pointer and hold the [Ctrl] key down.

To exit the function, different ways are possible:
e We click the button once again.
e We press the [Esc] key on the keyboard.
e Weright-click into the workspace.

Mouse functions

The mouse functions follow the general standards for Windows applications. To select an ob-
ject for further editing, we click it once with the left mouse button. We double-click the object
when we want to open its dialog box for editing.

When we click an object with the right mouse button, its shortcut menu appears showing us
object-related commands and functions.

To change the size of the displayed model, we use the wheel button of the mouse. By holding
down the wheel button we can shift the model directly. When we press the [Ctrl] key addition-
ally, we can rotate the structure. Rotating the structure is also possible by using the wheel but-
ton and holding down the right mouse button at the same time. The pointer symbols shown
on the left show the selected function.

RFEM Tutorial © 2013 Dlubal Software GmbH
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Grid
| ) The grid forms the background of the workspace. In the dialog box Work Plane and Grid/Snap,
weees we can adjust the spacing of grid points. To open the dialog box, we use the button [Settings
of Work Plane].
rWork Plane and Grid/Snap [&r
Work Plane Qrigin of Work Plane
Coardinate syster: Node Mo.: ]
Global2rZ - =
) Coordinates  X: 0.0000 x| [m]
°W ¥: 0000 ]| m]
ez et =
o . I Z 0.0005 = | [m]
A
Grid/Snap | Object Snap | Guidelines | Background Layers | Line Grids|
Show Type Number of Grid Points.
Grid @) Cartesian [+] [-)
Shap ) Polar Direction 1: a0 a0
S _ Direction 2: 30 30
2 gl + [] Dynamically according to size of mode!
Grid Point Spacing
{af o . Space b: 1,000 | [m]
£-I . * Space b 1,000 x| [m]
- : .
<] _ Botation B: 0005+ 1]
| n -|s s
: ) dir;?a%ce: 10 [px]
Grid Line Spacing
ni: 1005 nz 1005
7
Figure 4.1: Dialog box Work Plane and Grid/Snap
Later, for entering data in grid points, it is important that the control fields SNAP and GRID
SMNAP |GRID . . . . L . .
e in the status bar are set active. In this way, the grid becomes visible and the points will be
snapped on the grid when clicking.
Work plane
|@ The XY plane is set as work plane by default. With this setting all graphically entered objects
will be generated in the horizontal plane. The plane has no significance for the data input in

dialog boxes or tables.

The default settings are appropriate for our example. We close the dialog box with the [OK]
button and start with the model input.
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Triangle...
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4.2

It would be possible to define corner nodes in the graphic or table first to connect them with
lines which we can use to create surfaces. But in our example we use the direct graphical input
of lines and surfaces.

Creating Surfaces

4.2.1 Floor

The floor surface consists of a rectangular and a semicircular surface.

4.2.1.1

Rectangular slabs are frequently used structural components. To create rectangular plates
quickly,

Defining Rectangular Surface

we click Model Data on the Insert menu, then we point to Surfaces, Plane and
Graphically and select Rectangle,

or we use the corresponding list button for the selection of plane surfaces. We click the arrow
button [¥] to open a pull-down menu offering a large selection of surface geometries.

With the menu item [Rectangle] we can define the plate directly. Related nodes and lines will
be created automatically.

After selecting this function, the dialog box New Rectangular Surface opens.

New Rectangular Surface [iE-J
Surface No. Surface Type
1 Geometry: | Plane

WMaterial Stiffness: [ Standard - |
[ 1 | Concrete C30/37 | EN 1992-1-1:2004/4C:2010 * || [Surface thickness 'Constant’

@) (&) =)
Thickness
@ Constant

Thickness d: 2000 w 5| [mm]
1 Yariable. .. =
—
Comment
- |

] [caes

" A

Figure 4.2: Dialog box New Rectangular Surface
The Surface No. of the new rectangular plate is specified with 7. It is not necessary to change
this number.

The Material is preset with Concrete C30/37 according to EN 1992-1-1. When we want to use a
different material, we can select another one by means of the [Material Library] button.

The Thickness of the surface is Constant. We increase the value d to 200 mm, either by using
the spin box or by direct input.

In the dialog section Surface Type the Stiffness is preset appropriately with Standard.

We close the dialog box with the [OK] button and start the graphical input of the slab.
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We can make the surface definition easier when we set the view in Z-direction (top view) by
using the button shown on the left. The input mode will not be affected.

To define the first corner, we click with the left mouse button into the coordinate origin (co-
ordinates X/Y/Z 0.000/0.000/0.000). The current pointer coordinates are displayed next to the
reticle.

Then, we define the opposite corner of the slab by clicking the grid point with the X/Y/Z coor-
dinates 7.000/6.000/0.000.

Figure 4.3: Rectangular surface 1

RFEM creates four nodes, four lines and one surface.

As we don't want to create any more plates, we quit the input mode by pressing the [Esc] key.
We can also use the right mouse button to right-click in an empty area of the work window.

Show numbering

If we want to display the numbering of nodes, lines and surfaces, we right-click into an empty
space of the work window. A shortcut menu with useful functions appears. We activate the
Numbering.

Repeat - Save Model Enter

View 3

User-Defined View 3
& Show Mumbering L\,

\?‘ Show Dimensions

| Show Comments

v Display Model Wired or Solid
18| Lock Guidelines

V' || Lock Line Grids

Il Enable Drag & Drop

@) Auto Rotate Model

,@: Auto Connect Lines/Members
‘_E' Coordinate System...
il

Work Plane, Grid/5nap, ...

ﬂ Select Special...

Colors in Graphics According to 3

g\:l Display Properties...

Figure 4.4: Show numbering in shortcut menu

12
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We can use the Display tab in the navigator to control the numbering of objects in detail.

Project Mavigator - Display
[-[B] 5§ Guide Objects
[]---D& General

(- [V]I Surfaces

..... M= Solids

..... [#][@ Solid Orthotropies
..... [*][@ Openings

..... [¢][@ Modal Supports
..... [#]H@ Line Supports

- [#]IE Members

..... [V Sets of Members
- [_|IE FE Mesh

..... [¥]E@ Guidelines
[-[E]% Colors in Rendering According to
- [E] W Rendering

(- [E] 5 Preselection

[-[5] B Add-on Modul

m

———
ﬁDataQﬂf Displa});ﬂ Views

Figure 4.5: Display navigator for numbering
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4.2.1.2 CreatingArc

Now, we need to define an area that is limited by a circular arc.

We click the arrow [¥] of the list button for lines available in the toolbar to open the pull-down
menu offering tools for special line types. We select the entry Arc via Three Nodes.

0§ %
U Paolyline...

3.2

i,

Ellipse...

Farabola...

Spline...
MURBS...

pCF ALQO0 @0

Trajectory...

fo
4

Hyperbola..

On Surface.

@ | B

Arcvia Three Nodes...

Arcvia Center Node, Edge Node and Angle...

Arcvia Tangent Lines and Radius...

Circle via Three Modes...

Circle via Center and Radius...

Elliptical Arc...

ta-B- Q-1

s

Arcvia Edge Nodes and Radius, Angle or Rise..,

Figure 4.6: List button for lines - Arc via Three Nodes

In the work window, we click the following nodes one after the other: node 4, the grid point
with the coordinates 10.000/3.000/0.000 and node 3. After clicking the last node, the arc will

be created as line 5.
1
f New Arc @
Member No. Line No. Node No.
5 5

Reference Coordinates
() Current C5 b 10,000 [m]
@ Girid origin i 20005 [m]
() Last node z 0.000- [m]
Length
S
Q@ Fsis
©]

2

Figure 4.7: Defining a circular arc with three points

To quit the input mode, use the [Esc] button.

14
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4.2.1.3 Adjusting Floor Surface

As the demo version allows for the definition of only two surfaces, we cannot define the semi-
circular surface as a new surface. Therefore, we extend the rectangular surface to a general
plane surface enclosing the arc area.

We double-click surface 1 in the work window to open the dialog box Edit Surface.

Edit Surface ==

General | Support / Eccentricity I FE Mesh | Releases | Integrated I Aues I Grid |

Surface No. Surface Type
1 Geometry: [l Plane -

( Boundary Lines No. \ Stiffness: [ Standard - |
| =
1452 Surface thickness "Constant’

Boundary Nodes No.
12143523

Material T

(] | Concrete C30/37 | EN 1592-1-1:2004/AC:2010 - e
- 7//////
Thickness / /////

i 20
(@ Constant Z ///I:\\\
Thickness d: 2000 = 54| [mm] T

T

() Variable... =

Comment

oK | [ Cancel

. 4

Figure 4.8: Modifying boundary lines

We have two input options:

¢ Intheinput field Boundary Lines No., we can enter the numbers of the new border lines
1,2,4 and 5 manually.

e We can use the [Select] button shown on the left to select the new boundary lines graph-
ically in the work window. But first it is necessary to empty the preset list in the selection
window Edit Surface by clicking the button [Clear].

Now, the floor surface looks like the figure below.

1 4

Figure 4.9: Floor slab

RFEM Tutorial © 2013 Dlubal Software GmbH
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42,2 Wall
Copy the arc

The most comfortable way to create a curved surface is copying the circular arc by specifying
particular settings for the copy process.

We click arc line 5 with the left mouse button (single click) to select it. The line is now displayed
with a different color. Yellow is preset as selection color for black backgrounds.

We use the toolbar button shown on the left to open the dialog box Move or Copy.

Move or Copy - Copy [&J

Number

Mumber of copies

I 15

Reference to Coordinate System Zz
@ Global =¥ Z CS
Uszer-defined LY CS

Dizsplacement Vector
e 0.0005 ]| ]
dy: 00004 [m]
dz 40005+ | [m] Mumbering Increment for
Modes: 1 Continuous
1 Continuous
Lines: il Continuous
Surfaces: 1 Continuous
1 Continuous
E{ [ (] 8 ] [ Cancel

.

Figure 4.10: Dialog box Move or Copy

We increase the Number of copies to 1: With this setting the arc won't be moved but copied.
As the wall is 4 m high (system line), we enter the value 4.0 m for the Displacement Vector in d..

Now, we click the [Details] button to specify more settings.

16
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Detail Settings for Move/Rotate/Mirror

Connecting

Lines between nodes

[ Create new lines between the selected nodes
and their copies

Create new members between the selected
nodes and their copies

Mone @

aces between lines
eate hew sufaces between the selected lines

nd their copies

Template surface Mo.:

1| Constant | 200 | - Concrete 3037 [+] (]

surfaces and their copies

Template zolid Mo.:

Mone @

‘when ratating create between selected nodes and
their copies:

() Shraight lines

@ Arc lines

Duplicity

[ Allows double members

Local Coordinate Systems

Adius_t local coordinate system when rotating or

mirraring for
Lines
Members

Load Cases

[ Copy including loading

[ Adjust nodal laads when ratating or

mirraring

Auto Connect

[ Connect lines/members if they contact

r Copied Surfaces

Connecling Objects (Lines
Members, Surfaces, Solids)

To copy

(0] 3 ] [ Cancel

.

Figure 4.11: Dialog box Detail Settings for Move/Rotate/Mirror

In the dialog section Connecting, we select the check box of the following option:

M Create new surfaces between the selected lines and their copies

Then, we select surface 1 from the list to define it as Template surface. In this way, the proper-
ties of the floor slab (material, thickness) are preset for the new wall surface.

We close both dialog boxes by clicking the [OK] button.

RFEM Tutorial © 2013 Dlubal Software GmbH
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Set the isometric view

We use the toolbar button shown on the left to set the [Isometric View] because we want to
display the model in a graphical 3D representation.

£ RFEM 5.01 - [Tutorial] ==
E® Fie Edit View [nsert Calculate Results Jools Table Options Add-onModules Window Help _on
BI99LEBA I~ FYIQEET BE 2 g Pl e s PEEERE P 0 AN E B e
Y YN RS - -89 - aRBY- BAAGS I RARE-U- - dw | o@ =332 Z- M-
Project Navigator - Data X b - .
™ RFEM i

£-4¥) Tutorial [Examples]
3 Model Data
(33 Nodes
\ 2 Lines
) Materials 2 /
"si:i Surfaces
49 1:Plane; Constant; 145,21
@ 2: Quadrangle; Constant; 7,6.8,5;
&0 Solids
&) Openings
3 Modal Supports
54 Line Supports
3 Surface Supports
2] Line Releases
2] Variable Thicknesses
3 Orthotropic Surfaces
2 Cross-Sections
23 Member End Releases
2 Member Eccentricities
%) Member Divisions - ¥
21 Members l\‘
[ Ribs M
) Member Elastic Foundations
(1) Member Nonlinearities
2 Sets of Members
%) Intersections of Surfaces
8 FE Mesh Refinements

14 Surfaces 2 x

1= EE3Ew #) [3 &= = e @EmLE AR
B

3 Load Cases and Combinatorics [ c [0 [ E [ F [ 6 [ ® T 1 T J T & ]
3 Loads Suface Suface Type Materal Thickness Eccentrcty ntegrated Obiects Frea

3 Resuits Gecmetry | Sifiness Boundary Lines No No e diml | ezinml | NodesMo. | LinesNo. |OpeningsMo.| AlmZ]

& Sections 0P " Siondard 1452 H 1 Constart 2000 00 3

) Average Regions O Quadwngle [ Stendand 7685 B 1 Constant 2000 00

(23 Printout Reports - e

() Guide Objects

(23 Add-on Modules : i v

Nodes [Lines [ Material{] Surfaces | Jolids [Operings | Nodal Supports ] Line Suppotts | Surface Supports ] Line Releases | Cross-Sections [Member End Releases ] Member Eccertricties | [ ]n

[SHAP [GRID [CARTES [OSNAP [GLINES [DXF |

& Data| B Display A Views

Figure 4.12: Model in isometric view with navigator and table entries

Checking data in navigator and tables

All entered objects can be found in the directory tree of the Data navigator and in the tabs of
the table. The entries in the navigator can be opened by clicking the [+] sign (like in Windows
Explorer). To switch between the tables, we click the individual table tabs.

In the navigator entry Surfaces and in table 1.4 Surfaces, we see the input data of both surfaces
in numerical form (see figure above). RFEM created the wall as a quadrangle surface, i.e. a shell
that is limited by four lines.

18
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4,2.3 Opening

4.2.3.1 Creating Opening

Now, we insert a rectangular opening into the floor slab. The data input is easier when we
reset the [View in Z direction].

We can apply the opening directly, which means without defining lines first. We use the list
button for openings available in the toolbar and select the entry Rectangle.

We set the first opening node in grid point 3.000/1.000/0.000. The second node is defined in
grid point 5.000/2.000/0.000.

The opening is too small. We will adjust its length in the next step.

|1 1

P | Hg__ LD | \

Figure 4.13: Defining the rectangular opening

We close the input mode with the [Esc] button or with a right-click into the empty workspace.
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4.2.3.2 Adjusting Opening

The length of the opening is 2.50 m. We select nodes 11 and 12 one after the other by holding
down the [Ctrl] key when clicking.

We open the dialog box Edit Node with a double click on one of these nodes.

Edit Node [0
Node Coordinates | Support | FE Mesh
Node No. Node Type
.12 <] 12
Coordinates Coordinate System 'Cartesian’
Reference "
node No.: 0 - [ 11
-
Coordinate
Coordinate X: 5.500 [ fm] 2
Coordinate Y: =¥l [m]
Coordinate Z: 0.000F]] ] 0P xY2)
z
Comment
-
=] ok | [ cancel

L

Figure 4.14: Dialog box Edit Node

Both nodes are listed in the input field Node No. We correct the Coordinate X by entering
5.500 m, and then we confirm the input with [OK]. Now, the opening has an appropriate
length.

Alternative: It is also possible to apply the opening instantly without modifying coordinates
when we use an adjusted grid: Before, we have to open the dialog box Work Plane and
Grid/Snap (see Figure 4.1, page 10) where we reduce the Grid Point Spacing to 50 cm. We can
also use the shortcut menu of the GRID button available in the status bar to modify the grid
spacing quickly. Just right-click the button shown on the left.

Now, the input of surfaces is complete.
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4.3  Creating Concrete Members

4.3.1 Columns

Member elements depend on lines: By creating a member a line is generated automatically.

Changing the work plane

™ R % o We want to define the columns graphically, so we need to shift the work plane from the hori-
; zontal to the vertical plane. To set the [Work Plane YZ], we click the second of the three plane

@ .
buttons in the toolbar.
U We reset the [Isometric View]. Now, we can see that the input grid is spanned in the plane of
| the two columns (see Figure 4.18).
Definition of cross-section
(He ) - | B s i | - We click the list button [New Members Single] to open the dialog box New Member.
;/; Member Single... e 53
:':i Member Continuous...
s General | Options | Effective Lengths
Member No. Member Type
:;f: Select Lines... 1 I Beam - | [
ey
s Mode No. Member Rotation
_-';‘
AEnd
Member Rotation via FAY
@ Angle B: 0.00]} 17 )
e P XY
() Help node Inside ::E;Tg:‘;d:y
3) oy
Xz | ".‘ Here
'V iz B=0
e
Cross-Section
Member start:  Create a new cross-section! - E = e
Memberend:  As member start - = e
Member Release
Member start:  Mone - =]
Memberend:  Mone - =
[ oK ] [ Cancel

" A

Figure 4.15: Dialog box New Member

It is not necessary to change the default settings. We only have to create a Cross-Section. To de-
fine the cross-section at the Member start, we click the [Library] button. The cross-section data-
base appears.
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Cross-Section Library l&]

Rolled Parametric - Thin . Parametric - Massive Parametric - Timber
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fodled(alle] wleliulfo] [=][e

2] (v [l [ 7 ]
EYEAFEY

EERENE

=) i [ o]

%

Circle User-Defined From Cross-Section Program

"

Figure 4.16: Cross-Section Library

In the dialog section Parametric - Massive, we select the cross-section type Circle. Another
dialog box appears.

("Solid Cross-Sections - Circle (oo |
Cross-Section Type Parameters
) () ] - st
[z )led —2
(9 (] ’
2 (1]
Y= -Y
[ z
&
Material
1 - Cancrete C30/37 | EM 1992-1-1:2004/AC:2010 -
@)
Circle 300
[ ()3 ] [ Cancel

.

Figure 4.17: Dialog box Solid Cross-Sections - Circle

We define the column diameter D with 300 mm.
For solid cross-sections RFEM presets number 7 - Concrete C30/37 as Material.

We can use the [Info] button to check the properties of the cross-section.
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We click [OK] to import the cross-section values and return to the initial New Member dialog
box. Now the input field Member start shows the new cross-section. We close the dialog box
with [OK] to set the columns graphically.

Graphical definition of members
We define the footing of the front column by clicking the grid point 0.000/6.000/4.000.

The top end of the column is set into node 2.

- ‘\w\ .
/ ' . 5] “_‘_—‘_—“\__
: 1 — S— um—
/ = 7 New Member (Line) Ié]
2 .
- -\ . : Member No. Line No. Node No.
_ : L 2 14 14
3 :
Reference Coordinates
() Current C5 # TR 2 ]
@ Grid origin i 0,000 [m]
(O Last node z 4,000 [m]
. ] Length
o Do
e ' ©]
13- : _ =

Figure 4.18: Defining the footing of the second column
The input command Define member is still active. Therefore, we can continue with the defini-
tion of the rear column.

We place the footing of the second column into the grid point 0.000/0.000/4.000. The
column's top end is then defined in the grid zero point which is node 1.

To quit the input mode, we use the [Esc] key. We can also right-click into the empty work
window.

'4 Model Data / I\
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4.3.2 Rib

In the next step, we enter the downstand beam below the ceiling.

Modification of line properties

We double-click line 3 to open the dialog box Edit Line. We change to the second tab Member
where we select the check box of the option Available (see Figure 4.19).

The dialog box New Member opens again.

Edit Line

New Member

General | Member

General | Options | Effective Lengths

Cross-Section

Member start:
Member end:
Member Release
Member start:

Member end:

E@® 1| Circle 300 | Concrete C30/37

As member start

None

None

Line No. Member No. Line Mo. Member Type
3 3 3 [H Beam -
Member Node No. Circle 300
( Available ) 34
B Beam - Member Rotation via —r
CEE y '
= () Help node Inside a3 [T
As member start o f
1 @ oy L
- =

Figure 4.19: Dialog box New Member

This time we click the [New] button to define a cross-section at the Member start.

In the upper part of the dialog box New Cross-Section, we select the massive REC cross-section
table. The dialog box Solid Cross-Sections - Rectangle opens where we define the width b with
250 mm and the depth h with 400 mm.
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No. Color Cross-Section Description
2/ 0
"
Solid Cross-Sections - Rectangle l&
Cross-Section Type Parameters
] - e
! o
(z](e]
ERFIENER
=
&
Material
[E1 - Conerete C30/37 | EN 1992-1-1:2004/4C:2010 -
@]
=) Rectangle 250/400

Figure 4.20: Dialog box Solid Cross-Sections - Rectangle
We click [OK] to import the cross-section values to the dialog box New Cross-Section. Again,
material number 7 - Concrete 30/37 is preset.

We click [OK] and return to the initial dialog box New Member. Now the input field Member
start shows the rectangular cross-section.
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Definition of rib

In RFEM we can model a downstand beam with the member type Rib. We just change the
Member Type in the dialog box New Member: We select the entry Rib from the list.

New Member

S

General | Options | Effective Lengths

Member No. Line No.
3 3
Mode No.

34

Member Rotation via
omge 5 [ owEHDN
() Help node Mo |Inside 118 =

Ir plare:

Cross-Section

Memberend:  As member start

Member Release
Member start: ~ Mone

Memberend:  Mone

Kember Type

EED H
[ Beam

[ Rigid Member

B Truss

B Truss (onty N)

B Tension

B Compression

B Buckling

[[] Cable

[ Cable on Pulleys

[ Result Beam

B Stiffnesses

B Coupling Rigid-Rigid
[ Coupling Rigid-Hinge
[ Coupling Hinge-Hinge

. B Coupling Hinge-Rigid
Memberstat: [ 2 | Rectangle 250/400 | Concrets C30/ B Sore

[ Dummy =

\

Figure 4.21: Changing the member type

With a click on the button [Edit Member Type] we open the dialog box New Rib.

New Member

Py

General |Options I Effective Lengths|

Position and Alignment

@) On +z-side of surface

On -z-side of suface
Cenric:

(71 User defined via member
eccentricity

Effective Width - Side 1

Connecting surface Mo.:

Autodetect -

Wictth by ©

Rib Alignment

[] &lign local z-axis parallel to lozal z-axis of surface

Comment

Member No. Line No. Member Type

3 3 5| ERb -
Mew Rib

Member No.

3 T

! @

Effective Width - Side 2

Connecting suface Mo.:

Autodetect -

Wicth bz

c@

i)

@) &] @

.

Figure 4.22: Defining the rib
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We define the Position and Alignment of the Rib On +z-side of surface. This is the bottom side

of the floor slab.

For the Effective Width we specify L/8 for both sides. RFEM will find the surfaces automatically.

We close all dialog boxes with the [OK] button and check the result in the work window.

Display options

RFEM displays the rib as a member that is eccentrically arranged. As the transparent rendering
model does not show surface thicknesses, we set the Solid Display Model by means of the list
button shown on the left. This display mode helps us to check the placement of the rib.

In addition, we set the rendering option Filled incl. thickness available in the Display navigator.

Project Navigator - Display
-] Model
-1 Loads
- Results
-[V]E8 FE Mesh
(- [M] 2= Sections
[]---Iz‘é Average Regions
[-[B] 5 Guide Objects
- [Bldy General
(- [V]IE Mumbering
[j---li‘g Colors in Rendering According to
-[E]'gp Rendering
&-[E'® Model

----- O Wireframe Model
=@ Solid Model
-.[]p Transparent
-] Textures
(- [B] WP Members
=B Surface
O Empty

[O)" X Filled incl. thickness

O Filled incl. thickness w
- [H] 4 Solids -

< 1 | "

[Qipata (B Display| 2§ views

Figure 4.23: Graphical representation of solid model

To adjust the display, we use the button [Move, Zoom, Rotate] (see "mouse functions" on page
9). The pointer turns into a hand. When we hold down the [Ctrl] key additionally, we can rotate

the model by moving the pointer.

For the following input we reset the mode of the Solid Transparent Display Model. We also reset

the rendering for surfaces to Filled provided in the Display navigator in order to hide thicknesses.

RFEM Tutorial © 2013 Dlubal Software GmbH
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44  Defining Supports

The model is still without supports. In RFEM we can assign supports to nodes, lines, members
and surfaces.

4.4.1 Nodal Supports

The columns are supported on their footing in all directions but without restraint.

We select the bottom nodes of the columns by drawing a window across the area including
the nodes X and Y. Then, we click the toolbar button [New Nodal Support] to open the dialog
box New Nodal Support.

E File Edit View Insert Calculate Results Tools Table Options Add-on Modules Window Help
NEI9IREBR na FRQES EE 4l | <
“ Y K-l PR B9 GE- - ERA Y- R

Mew Modal Support h 4

S

Mz

M1 7T . 8

14 '5->

Figure 4.24: Selecting column nodes with window

Both node numbers 13 and 14 are shown in the field Node No.

We modify the type of the support because the preset support type 7 results in a restraint
about the longitudinal member axis. With a click on the button [New] (see Figure 4.25) we
open another dialog box.
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New Nodal Support RS

Node No.
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Type of Support

| | OO | Hinged
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Support No. On Nodes No.

¥
1 1314 ) ! T
Support Rotation z
Sequence; Fiotated about

(22 -] )| oo YT.X
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2 [omehl z

Elastic Support via
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(Cez) Coz: 0.0001{] [khmérad] [Mane BIE
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Comment

-
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N

Figure 4.25: Defining degrees of freedom

In the second dialog box New Nodal Support, we remove the check mark of the Restraint for
rotation ¢@z.

We confirm the dialog boxes with [OK]. Now, we see support symbols displayed on the model.
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4.4.2 Line Supports

The bottom line of the curved wall is supported as well. This time, we choose another way to
enter support data. First, we define the support properties. Then, we assign them to the object
graphically.

With a click on the button [New Line Support] we open the dialog box New Line Support.

The option Hinged is preset as Type of Support. The first three selected check boxes are indicat-
ing that a support is available in the directions X, Y and Z. The final three boxes are not select-
ed because the hinged support type has no restraint about X, Y and Z.

We confirm the dialog box with [OK] because the hinged support is adequate for our example.

r ™
New Line Support u

Type of Support

Global | | OO0 | Hinged MEIE

EY EEE0®

L 4

Figure 4.26: Dialog box New Line Support

RFEM displays a support symbol next to the mouse pointer. It becomes a reticle as soon as we
approach a line. The number of the corresponding line is displayed in the status bar. We set
the support on the curved line 6.

Now, the input of the model's reinforced concrete construction is complete.

Figure 4.27: Reinforced concrete structure with supports
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4.5 Creating Steel Members
4.5.1 Frame

Now we enter the steel construction. First, we define the frame that lies in the plane of the two
columns. It is helpful to use a so-called visibility for this plane: This type of partial view allows
us to work in a particular zone of the model and we are not disturbed by objects that lie within
another plane.

Creation of visibilities

We set the Views tab in the navigator. A number of visibilities is already available. They were
Generated by RFEM based on the data we entered.

The button [Visibility by Window] makes it possible to abstract a specific zone from the model
graphically: We activate the function and draw a window from the left to the right, completely
enclosing both column members.

Please note: If you pull up the window from the left to the right, the visibility contains only ob-
jects that are completely within this window. If you pull up the window from the right to the
left, the visibility additionally contains those objects that are cut by the window.

Now we can see that the rest of the model (floor, wall) is displayed with a lower color intensity.
The corresponding objects cannot be edited.

Project Mavigator - Views x

BEE QL EBE™>E

User-defined views:

o 2| ; \2 . . ’ Iil @ |'®
. . : . .|| Visibilties
%) %(@)E @@ =
| ; . . g User-defined / generd
AN _ =[] 2 User-defined X
I 1N - [ Group
ik N =I-[W] &3 Generated
i N +-[] (20 Lines by Type
+1-[] 20 Lines with Support
+|:| _J Members by Cross-Section -

L @B E

Add new objects into vizibiliby:

m | »

ﬁData EDisplay A views

Figure 4.28: Creating a visibility by window

Changing the origin of the work plane

Plane YZ is still set as the work plane, which is appropriate for defining the frame of the mono-
pitch roof. Also the origin of the work plane is convenient for our purpose. However, we want
to show you how you can adjust the work plane. Therefore, we modify the position of the work
plane origin.

We click the toolbar button [Set Origin]. Then, in the work window, we select node 2, which is
the head of the front column, to be the new origin of the work plane. The reticle of the grid
changes its position.
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Figure 4.29: New origin in node 2

4.5.1.1 Defining Members Continuously

We want to create the monopitch roof frame as a polygonal chain. We open the list button
[New Member] and select the menu item Member Continuous.

The dialog box New Member opens. First, we change the Member Type to Beam.

As shown in Figure 4.19 on page 24, we create a cross-section for the Member start by using
the [New] button. The dialog box New Cross-Section opens where we click the button [HE-A]
atits top. Then, in the dialog box Rolled Cross-Sections - I-sections, we select the cross-section
HE A 300 from the HE A cross-section table. For rolled cross-sections RFEM presets number
2 - Steel S 235 as Material.

New Member

General | Options | Effective Lengths

Member No. Member Type
4 [ Beam - =

New Cross-Section

No. Color Cross-Section Description
el |
Rolled Cross-Sections - I-Sections et |
Cross-Section Type To Select To Select HE A 300 | DIN 1025-3:1994
Table Manufacturer/Standard + || CrossGection
IIPE Arbed HE 4100
@@E T HE S Arbed HE 4120 w0t
IHL Aebed HE 4140
E - T HD Arbed HE 4160
IHP arbed HE 4180
IiPE 9 DIN 125513 HE 4 200
THEE 9 DIN 102521995 HE # 220
= DIN 34 HE 4 240
THEM = DIN 102541334 HE 4 260 =
2] |zHec B DINI025419M | HEA 280 g
IIPN 9 DI 102511935 HE & 300
Fier Ial = DIN 215411974 HE 4 320
Manufacturer/Standard group: Il = GOSTS23372  |E || HEA3MO
a T - GOST 142574 HE # 360
P - GOST 2602083 HE 4 400
Manutacturer/Standard: T Hi Arceloital | HE&4E
Al ~ | TF - TU 1422472 HE 4500
Iire - GOST HE 4550
Cioss-section shape: Ts & GosT HE 4 600
Al || TPk = GOST HE A E50
IH Arbed HE 4 700
Cioss-section nole:
IH Arcelorital HE 4800
Al TH JI5 G 3132 HE 4900
I A5 G 3182 HE 41000 Bickorioh
Il : KS D 3503, 3515/7 W2 - Steel 5 235 | DIN 18800:1930-11 -
TIL KS D 3503, 3515/2 @

H
)

o KS D 3503, 351542
== |5 808:1383
TJB =i |5 808:7989 Z

& ) Com)

[ Inclusive nvalid

]
=z
@

[] Favorites anly... HE 4 300 | DIN 1025-3:1334

\

Figure 4.30: Selecting HE A 300 in the library
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We confirm all dialog boxes with [OK].
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Back in the work window, we define the three frame members in one go by clicking the follow-

ing nodes and grid points:
e Node1

e Grid point 0.000/-6.000/-3.000 (grid origin has been modified)
e Grid point 0.000/0.000/-3.000 (roof inclination will be adjusted later)

e Node2

15

T e S

Figure 4.31: Defining members continuously

Mew Member (Line) @

Member No. Line No. Node No.
5 16 16

Reference Coordinates
() Current C5 R 0000 [m]
@ Girid origin ' 0.000- [m]
() Last node 7 -3.000H] [m]
Length
) e
@] @] [T 5tep
©]

When the last node is defined, we right-click twice into the empty work window to quit the

input mode.

Both columns in our model are connected rigidly to the floor nodes 1 and 2. Though this kind
of restraint can hardly be built in reality, we do without a modeling of release properties in our
example and accept this simplification.

A
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4,5.1.2 Shearing Horizontal Beams

The monopitch roof has an inclination of 8°. That's why we have to adjust the horizontal beam.

We draw a selection window across member 5 comprising both end nodes. Then, in the toolbar
we select Shear on the Edit menu

to open the dialog box 3D Shearing.

15

3D Shearing

Slope
Angle
0
b
Reference to Coordinate System

@ Global .Y Z CS
Uszer-defined LY CS

=

]
Ll

Shearing

@ About auis: Ir direction:

() Perpendicular to starting plane defined by
three points

Starting Plane

1zt point
®: 0,000 = | Il
0.000}5 2 ] Il
z: | ool | ] | ]
B T h‘
[ QK J [ Cancel

W

Figure 4.32: Adjusting the inclination of the horizontal beam

We want to modify the inclination of the beam by -8° About axis X. We have to enter a nega-
tive value because the objects will be rotated counterclockwise about the axis X. The shearing
is applied in vertical direction Z. Finally, we define the 7st point of the rotation axis by using the
[Select] button. We select node 75 having the coordinates 0.000/0.000/-3.000 and confirm
the input with [OK].
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4.5.1.3 Connecting Beams with Releases

Release definition
The horizontal beam cannot transfer any bending moments into the columns because of its
connection type. Therefore, we define a release that we assign to both sides of the beam later.

This time we use the Data navigator: We right-click the entry Member End Releases and select
New Member End Release in the shortcut menu.

Project Navigator - Data X
é '@ Tutorial [Examples] = MNew Member End Release uﬂ?-
@ Model Data Member End Release No.
(20 Nodes 1 e,
-2 Lines v ‘/T ®
- ) Materials Reference System
&) Surfaces _ z
& Solids @ Local member axes x.y.2
[ Openings 3 () Glabal axes X7 2
- (&) Nodal Supports () Global ratated axes 17" 2"
-3 Line Supports
(%) Surface Supports i
|Z) Line Releases
. #) Variable Thicknesses
- &) Orthotropic Surfaces
- #) Cross-Sections
=] Member End Releases Release Condition:
2 |
‘:‘ i Release Spring constant MNonlinearity
: B2 New Member End Release... H u Gz None =
-3 Go to Table [ uy Cuy None e
- ) [l w Cuz : None =
o
@ Release
] General Data.., O e Cox alk Hone -
| 5t | Units and Decimal Places... @y Coy : 0.000 3| &Nm/rad] [NDF\E '] o
23 Log =
E Cyz : 0.000 5| [kNm/rad N
23 Loa b Display Properties... M # S l = v] -
3 Results == (=] (=== =] [—
~fovd B &)= E
--|) Average Regions Comment
--|_) Printout Reports
--|J Guide Objects M
= Add-on Medules 2
ﬁData ED\splay ,ﬁ\fiews

Figure 4.33: Opening the dialog box New Member End Release in the Data navigator

In the dialog box New Member End Release, displacements or rotations can be selected that are
released at the member end. In our example, those are the rotations ¢, and ¢.. Thus, no bend-
ing moments can be transferred at the node.

We close the dialog box by clicking the [OK] button without modifying any data.

Release assignment

It would be possible to double click the member to open the dialog box Edit Member and as-
sign the releases. However, we use a special function that is available in the following menu:

On the Insert menu, we select Model Data, point to Member Releases and select
Assign to Members Graphically.

The dialog box Assign Member End Releases to Members Graphically appears. We open the list
and select release type 1 that we have just defined. Then, we click [OK].

Assign Member End Releases to Members Graphically &J
Member End Release
B 1|l | 000 | OEEA IR

Figure 4.34: Dialog box Assign Member End Releases to Members Graphically

We see in the work window that RFEM has applied a one-third division to the members. By
clicking the end of a member we can define the release graphically at this member end.
Now we click member 5 in its middle area to assign the release to both sides.
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Figure 4.36: Shortcut menu of member

Figure 4.35: Assigning release graphically

4.5.1.4 Reverse Member Orientation
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For the graphical representation of imperfections it may be comfortable for us when the mem-
ber orientation of columns is directed from the bottom to the top. Therefore, we change the
orientation of the right steel column, using a function of the member shortcut menu.

Moving the pointer near member 6, we can see the orientation arrow appearing on the mem-
ber. We right-click the member and open its shortcut menu where we select the menu item
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4.5.1.5 Copying Frame
The second frame of the monopitch roof can be created very quickly as a copy.

We draw a selection window across the frame, enclosing members 4 to 6. Please take care not
to include any of the concrete columns! If necessary, you can rotate the model to set a more
favorable view. We can also click the members one after the other by holding down the [Ctrl]
key.

Before we create the copy, we set the [Work Plane XZ] so that we are able to copy the structure
out of the frame plane.

We press the [Ctrl] key. Now, we grab the selection near the foot point of the higher column
(node 2) and shift it to the arc end at the wall top. The [+] symbol next to the mouse pointer
indicates that the objects are being copied. As soon as the coordinates of the grid point
7.000/6.000/0.000 are displayed in the status bar, we release the mouse button.

Figure 4.37: Copying frame by drag-and-drop

Nodes and lines are merged automatically with already defined objects.
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4,5.2 Purlins

4,5.2.1 Defining Members Individually

Again, we use the list button [New Member] for the definition of both purlins. We select the
option Member Single and open the dialog box New Member.

We define a cross-section for the Member start by using the [New] button again (see Figure 4.19,
page 24).

In the dialog box New Cross-Section, we click the button [HE-B] at the box top. The dialog box
Rolled Cross-Sections - I-Sections opens where we select the cross-section HE B 260 from the
HE B cross-section row (see figure below). Again, number 2 - Steel S 235 is preset.

Mew Member =
General | Options | Effective Lengths
Member No Member Typs
10 [ Beam ~ [@
New Cross-Section =
No Color Cross-Section Description @ T
3 HEA
401 @
Rolled Cross-Sections - I-Sections ==
Cross-Section Type To Select To Select HE B 260 | DIN 1025-2:1995
=
Table Manufacturer/Standard * | | Cross-Section
I IPE Arbed HE B 100
plelaled = Bz
T HL Arbed HE B 140
E THD S arbed HE B 160
THP ES) Arbed HE B 180
I IPE = DIN 1025515934 HE B 200
THEA = DIN 102531934 HE B 240
THEM 9 DIN 102541334 o
THEC = DIN 102541854 HE B 260 g
IIPH = DIN 102511535 HE E 300
fies Ial 9 DIN 215411974 HE B 320
Manufacturer/Standard group: I e GOST 823972 £ HE B 340
Al - [T = GOST 1942574 HE B 360
1P - GOST 2602063 HE B 400
Manufacturer/Standard I Hi Arcalorhital | HER4ED
Al ~|IP - TU 1422472 HE E 500
TIFPE - GOST HE B 550
Cross-section shaps: TP - GOST HE B 600
Al T IIPK - GOST HE B B50
IH Arbed HE B 700
Cross-section nobe:
IH Arcelarbfital HE B 800
Al TIH o JISG A2 HE B 300
I o NS E 12 HE B 1000 s toxiod
T e K5 D 3503, 351547 2 - Steel S 2351 DIN 18800:1990-11 -
I ) K5D 3503, 3515/2 @ E]
[T Inclusive invalid... ?W I KS D 3503, 351572
M =i 15 8081989
[T Faveiites only. T 15 A 1909 - HE B 250 | DIN 1025215395

A

Figure 4.38: Selecting HE B 260 in the library

We confirm all dialog boxes with [OK].

We define the purlin at the lower eaves by clicking nodes 15 and 19 one after the other.

Then we click nodes 16 and 20 to create the second purlin.
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Mew Member (Line) . .
Member No. Line No. .
1 22 -
Reference Coordinates . i
() Current CS W :| [m]
@ Grid origin A :| [m]
(©) Last node 7 :| [l

E Length :
| oaam |v[ mE-
I @] @] DStep i

. . @ AL: :| ]
1 EAEEE

Figure 4.39: Defining purlin members

To quit the input mode, we use the [Esc] key or right-click into the empty work window.
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4,5.2.2 Connecting Members Eccentrically

We want to connect the purlins eccentrically to the frame columns. Thus, we shorten the
system line by half of the cross-section height of the HE A 300 columns.

Definition of eccentricity

We double-click the purlin at the high eaves (member 11). In the dialog box Edit Member, we
change to the dialog tab Options. In the dialog section Member Eccentricity, we click the [New]
button to open the dialog box New Member Eccentricity.

Edit Member RS

| General | Options | Effective Lengths |

Member No.
1

Member Eccentricity

None Vif’-
New Member Eccentricity &J

Member Eccentricity No.
1

Abzolute Offzet

I o
‘& I L ey
ez

z

Absolute Offset Relative Automatically Offset

Reference spstem Crozz-section alignment

) Local wy.z D ® €
@ Global %Y 2 ®® e ] Y,
F z

Member start i

i 0.05 ;
i ] Trangverze offzet from cross- 2
&Y 0.0 x| [mm] section of other object
BiZ 0.0 x| [mm] Dbject: No. Axial Offzet

@ tember 5 -
) Surface

Member end | Axiz offzet
&% 005 | [rmn]
&y 0.07=]] [mm] . Y

5z 0.0 [l '3:3' z

Axial offzet from adjoining
members at:

Member start Comment

[¥] Member end -
=4 [ aK ][ Cancel ]

L

Figure 4.40: Dialog box New Member, tab Options and dialog box New Member Eccentricity

We select the option Transverse offset from cross-section of other object. In our example, the
Object is the column: We use the [Select] function to select Member 6 graphically.

Then, we define the Axis offset in direction of the positive cross-section axis z.

Finally, in the dialog section Axial offset from adjoining members, we select the check boxes for
Member start and Member end to arrange the offset on both sides.

After confirming all dialog boxes we can check the result with a maximized view (for example
zooming by rolling the wheel button, moving by holding down the wheel button, rotating by
holding down the wheel button and keeping the right mouse button pressed).
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Figure 4.41: Eccentric connection of purlin in zoomed view

Apply eccentricity to another member
To transfer the eccentricity to the second purlin, we use the input tables.
We set table 1.17 Members listing numerically the member data of all members that we have

defined so far. When we click into table row 10, we see that the second purlin is highlighted in
the work window and displayed in the selection color.

1.17 Members X
EEEE EEI3EO = =E E X FE e E R AR
A B c_ [ D E [ _F G | H [ K L M N
Member|  Line Cross-Section No. Member Rotation | Release Mo. | Eccentr. |Division| Taper | Length Weight
No. Mo Member Type Start End Type Bl Start End Mo Mo Shape L [m] W ka]
1 | Angle 000 0 0 0 0 4.000 769| Z
1 | Angle 000 0 0 0 0 4.000 769| Z
2 | Angle ooo| o ] ] 6.000 15000 Y
3 | Angle 000 0 0 0 0 3.000 266.1| Z
3 | Angle 000 1 1 0 0 6.059 h3ih| YZ
3 |Angle ooo| o 0 0 0 3.843 3403| Z
3 | Angle ooo| o 0 0 0 3.000 2661 Z
3 | Angle 000 1 1 0 0 6.059 h3ih| YZ
3 | Angle 000 0 0 = 0 3.843 M09 Z
4 |[Angle poo| o ol 1T -1)o 6.700 6206| X
4 | Angle 000 0 0 0 6.700 6206 X
| -
< I | r
Lines lMateriaIs lSurfaws lSoIids l[)penings lNodaI Supports lLine Supports lSurFace Supports lLine Releases lCross—Sed.ionsJ 4[4[ 1

MNumber of eccentricity defined in Table 115 (F7 to select).

Figure 4.42: Assigning eccentricity in table 1.17 Members

We place the pointer into column / and enter 1, which is the number of the eccentricity that we
have just defined. We can also select it from the list.

After leaving the table cell with the [Tab] or [] key, we see the modification displayed in the
graphic.

In the same way, it would be possible to define another eccentricity for the horizontal beams.
However, as these members are connected to the column webs, we want to neglect those
additional moments in our example.
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4,5.3 Diagonal

The final member that we insert is a diagonal for stiffening. It can only transfer tensile forces.
Generally, bracings are defined crosswise but the calculation in the demo version only allows
for 12 members. A tension member has the effect that the model is calculated non-linearly. In
case of compression forces, this member is removed from the stiffness matrix (failure).

4,5.3.1 Defining Member

[#n - R ™ With the button [Member Single] we open again the dialog box New Member where we select
S Member Single I the entry Tension from the Member Type list.
4
2% Member Continuous.. N We define a new cross-section for the Member start by using the button [New] (see Figure 4.19,
W page 24) that opens the cross-section database.
4| Select Lines... In the dialog box New Cross-Section, we click the [L] button. The dialog box Rolled Cross-Sections
& - L-Sections appears where we select cross-section L 80x8 from the cross-section table L. The

material 2 - Steel S 235 is preset again.

New Member =

General | Options | Effective Lengths

Member No Wember Type
12 [H Tension - |

New Cross-Section =

No Color Cross-Section Description

5 1
Rolled Cross-Sections - L-Sections '
Cross-Section Type To Select To Select L 80x8
Table Manufacturer/Standard | | Cross-Section =
LLs = DIN 10221563 L 203
LL Arbed UL 263
L Arbed L 25u4
1 L) Arbed [
Luw 4 L3065 I
1 L) - [
LKL - GOST 1977193 T L35
LKL - GOGT 197710 T 0L 40
LKLY - GOST 1977293 T L 4046
LKLY - GOSTI9772ERT (5| | L4
Fiter KLU M) - GOST 197725 T UL 4545
tanufacturer/Standard group: KLU M) = GOST 19772937 L6045
AH i - GOGT BE0503 L BD4E
L - GOST 8510486 L5047
Manufscturer/Gtandsrd QLM - GOST 851065 o Lssg
a . Ll - GOST 850572 L BB
L - GOST 851072 U LB
Eeseefan it LM = GOST 851072 o L60e
Al MININE Bl GB 422784 L ESWT
Crass-sestion nate: Lt o ASERNE UL £
Lw BNEYEE v LT0R
Al T o NS E a2 L7048
L K5 D 3503, 351572 L 757 Materal
L L KS D 3503, 3515/ L 75:8 I Z - Steel 5 235 | DIN 18800135011 -
LU M) 0 K5 D 3503, 351542 L 046 @
] Inchsive invalid LL = |5 8051383
L 15 8081989 L 800
B8] aoiit=slonly 1L o 15 8081989 e - Lena

Figure 4.43: Defining tension member with cross-section L 80x8
We confirm all dialog boxes with [OK], and then we click the nodes 15 and 2 one after the other
to define the diagonal (see figure below).

To quit the input mode, we use the [Esc] key. We can also right-click into the empty work win-
dow.
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Figure 4.44: Defining the diagonal

4.5.3.2 Rotating Member

A tension member adds to stiffness only by its cross-sectional area. Thus, seen from a structural
point of view, the rotation of the member is not irrelevant. For the rendered view, however, we

want to rotate the angle section.

Dlubal

Member No. Line No.

| RE 2 2
Reference Coordinates
() Current CS H ~ [m]
hs ~ [m]
() Last node Z | )
Length

Zalbd

D

@]@] [T 5tep ]
@ P = [m]

We double-click member 72 to open the dialog box Edit Member where we define a member

rotation of -90°.

p
Edit Member

(S

General | Options | Effective Lengths

Member No.
17 23

Line No.
-

Node No.
15.2

Member Rotation via
@ Angle B:

%0 1

=

() Help node Mo |Inside a D

In plane: @ xy

Xz

Cross-Section

Memberstart: WL 5 | L 802 | Steel 5235

Member end:

Member Release
Member start:

Member end:

Member Type
[E Tension - |

L 80x8

\

Figure 4.45: Defining a member rotation

Again, we can check the result in a maximized view by using the zoom and moving function

(see page 9).
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Figure 4.46: Rotated angle member in zoomed view

Undo/restore

If you want, you can [Undo] the member rotation in this view in order to check the initial posi-
tion of the cross-section. With the default functions Undo and Redo that you already know
from Windows applications we can undo or restore input data in RFEM, too.

(MM File Edit Wiew Insert Calculate Results Tools Table

NES99REBR M FIQED B
BT A NE ¥ A -

Figure 4.47: Buttons Undo and Redo

Cancel visibility mode

The parts of the model displayed in RFEM as transparent objects can be reactivated in the
Views navigator: With a click on the button [Cancel Visibility Mode] all objects are fully dis-
played again. With the toolbar button [Isometric View] we can reset the spatial full view.

Project Navigator - Views X

User-defined views:

() ()]
Visibilities
o % =(@)
User-defined / generated Can(e\ Visibility Mode h
EEl o User-dsfined
H 153 Group 1 -

e »

= [E] 8 Generated
- [] 23 Lines by Tupe
- [] 2 Lines with Support
- [ 23 Members by Crass-Section
&[] 20 Members by Eccentricity -

FREE @ @EE)E
[]&sdd new objects inta vighiit:

IyData (& Display | 4 Views . } . h .

4

Figure 4.48: Full view of model
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Adjusting the color assignment

The Display navigator provides an option to display Colors in Rendering According to particular
criteria. The default setting is the display of material colors.

You can click through the menu items to see how the display changes. With the option Cross-
Sections for example we can distinguish different cross-section types at a glance.

Project Navigator - Display =

[l Model

@-[14 Loads

-1 Results

-[Z]E@ FE Mesh

(- [B]#Z Sections

-] Average Regions

-[E] 5 Guide Objects

(- [H &Y General

([ ]I Mumbering

o

OB Materials

@ Cross-Sections

OB Member Types

Og Member End Releases

OB Surface Types Geometry
Og Surface Types Stiffness

(O Surface Thickness

O% +/- z Surface sides

(O Solid Types i

O Named Visibilities ' : Py

-[E'Q Rendering 2 . ; i .
- (B3 Preselection : . . ;-
(B % Add-on Modules ’ )

[Data [ Display| 2 Views

Figure 4.49: Distinguishing cross-sections by colors

For the following input we reset the option Materials.

4.6 Checking Input

Checking Data navigator and tables

As mentioned before, RFEM offers us various possibilities to enter model data. The graphical
input is reflected in both the Data navigator tree and the tables. We can display and hide navi-
gator and tables by selecting Navigator or Table on the View menu. We can also use the cor-
responding toolbar buttons.

In the tables, the model objects are organized in numerous tabs. Graphics and tables are inter-
active: To find an object in the table, for example a member, we set table 1.17 Members and se-
lect the member in the work window by clicking. We see that the corresponding table row is
highlighted (see Figure 4.42, page 41).

We can check the numerical data of our input quickly.

Saving data
Finally, the input of model data is complete. To save our file,
we select Save on the File menu

or use the toolbar button shown on the left.
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Project Mavigator - Data

E™ RFEM

(2-¥ Tutorial [Examples]
] Model Data

o | Load Cases
=% Actions

=% Action Combinations
# Load Combinations
o Result Combinations
..... 3 Loads

Results

----- ] Sections

----- ) Average Regions

----- _J Printout Reports

[#-_J Guide Objects

- Add-on Modules

Load Cases and Combinations

% Combination Expressions

ﬁData ﬂDisplay ,ﬁ\c’iews

| 5.

Loads

The Data navigator contains the following entries in the folder Load Cases and Combinations:

e Load cases

e Actions

e Combination expressions
e Action combinations

e Load combinations

e Result combinations

We define the actual loading like self-weight, snow and wind load in load cases. Then, load
cases are organized in actions and superimposed with partial safety factors according to the
standard's combination expressions (see chapter 6).

5.1

The first load case contains the permanently acting loads from self-weight, floor structure,
earth pressure and roof finishes (see chapter 2.3, page 7).

Load Case 1: Self-weight

We use the button [New Surface Load] to create a load case.

le Options Add-on Modules Window Help

[EIE 2 AR ¥ )

-9-GiF- D-tnnBY RAIAGS
|

Mew Surface Load h

Figure 5.1: Button New Surface Load

The dialog box Edit Load Cases and Combinations appears.

Dlubal

Edit Load Cases and Combinations I&
Load Cases |J\ctior|s | Combination Expressions I Action Combinations | Load Combinations I Resutt Combinations
Existing Load Cases LC No Load Case Description Solve
Self-weight, finishes. earth pressure i 1 Selfweight, finishes, earth pressure -
General | Caleulation P:
Action Type EN 1990 | CEN| Self-Weight
M Fermanent - Active
Factor in direction:
X: 00001
Y: 0.000
z 100015
- | | comment
Ty (& . =]
B ] =)

Figure 5.2: Dialog box Edit Load Cases and Combinations, tabs Load Cases and General
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Factor in direction:
X 0.000%
Y: 0.000%
zZ: 1,000

v

Dlubal

Load case no. 1 is preset with the action type Permanent. In addition, we enter the Load Case
Description Self-weight, finishes, earth pressure.

5.1.1 Self-weight

The Self-Weight of surfaces and members in direction Z is automatically taken into account
when the factor Active is specified with 1.000 as already preset.

5.1.2 Floor Structure

We confirm the input by clicking the [OK] button. The dialog box New Surface Load appears.

S

New Surface Load

No. On Surfaces No. Load Type Force'
1 Load Distribution ‘Uniform'
Load Type Load Direction
@ Force Local ]
telated to tue area:
) Temperature Ty P
_ Awial strain Tz
P b
= (PSS! | Global Sh
_) Rotary matior.. || related to tue area: YL
Load Distribution O
©) Uniform Glohal P
f related to projected _
F Lfnear. i R
_ Linear in o ZF
) Linearin'
I Linearin 2 Load Direction 'ZL"

Load Magnitude

Mode Mo. Magnitude

1 58| o 1.50[2]s]| kidma]
1 S| o o] kmsme]
1 Y p: || kN/m2]

Comment

\ 4

Figure 5.3: Dialog box New Surface Load
The floor structure is acting as load type Force, the load distribution is Uniform. We accept
these presettings as well as the setting ZL for Global in the dialog section Load Direction.

In the dialog section Load Magnitude, we enter a value of 1.5 kN/m? (see chapter 2.3, page 7).
Then, we close the dialog box by clicking [OK].

Now, we can assign the load graphically to the floor surface: We can see that a small load sym-
bol has appeared next to the pointer. This symbol disappears as soon as we move the pointer
across a surface. We apply the load to the floor with a click on surface 1 (see Figure 5.4).

The surface load is not applied to the opening. We can see the non-load bearing area identified
by the load application symbol.

We can hide and display the load values with the toolbar button [Show Load Values].

To quit the input mode, we use the [Esc] key. We can also right-click into the empty work win-
dow.
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Figure 5.4: Graphical input of floor load

5.1.3 Earth Pressure

The earth pressure stressing the wall is represented by a linearly variable load acting perpen-
dicular to the surface. This time, we select the curved surface 2 first, and then we open the cor-
responding dialog box for load input by using the button [New Surface Load].

-
New Surface Load

===

() Rotary motion...

Glabal

|| related to true area:

Load Distribution

Mo. On Surfaces No.

2 2 &
Load Type Load Direction

@ Force Local

= related to true area:

() Temperature

() Aial strain

() Precamber

() Uniform Global
() Linear related to projected
— area
() Lingar in»
() Linear in'y
@) Linzar inZ
Load Magnitude
Node Ma. tagnitude

E -

pi: 0.001+| [k /m2]

Znd B -

G5

Srid: | 1 -

p2: B4.00[2] ]| [kN/m2]

P | P ke

Comment

Load Type Force'

Load Distribution 'Linear in Z'

N +—

Py

Load Direction 'z’

@) @) (&)

.

Figure 5.5: Dialog box New Surface Load
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The load is set as load type Force with the Load Distribution Linear In Z. Thus, we select Local z
as Load Direction.

To enter the Load Magnitude, we use the [Select] button to select significant locations on the
2

model to which we assign load ordinates: We click Node No. 3 and enter the Magnitude 0 kN/m?.

Then, we click the [Select] button again to select Node No. 6 to which we assign the Magnitude
-64 kN/m? (see chapter 2.3, page 7). We enter the load with a negative number because the
local z-axis of the surface is directed to the outside.

After confirming the dialog data by clicking [OK], we see the linear surface load displayed in the
model, increasing downwards and acting perpendicularly on the shell. We use the shortcut menu
shown on the left (appears when we right-click the surface) to show the local surface axes.

B

)
64.00 [~

Figure 5.6: Linearly variable surface load (soil pressure) with display of local surface axes

5.1.4 RoofLoad

The loading due to roof finishes (roofing, supporting structure) is acting as permanent load,
too. For applying loads acting upon surfaces to the steel construction, RFEM offers us a tool
that is able to convert area loads into member loads.

To open the generator dialog box,

we point to Generate Loads on the Tools menu, and then we select From Area Loads
via Plane.

In the dialog box Convert Area Loads to Member Loads via Planes, we specify the following set-
tings (see Figure 5.7):

The Area Load Direction of the roof structure is Global related to the true area ZL with the Area
Load Magnitude 1.2 kN/m? (see chapter 2.3, page 7).

Then, we define the plane of the area load graphically by means of the [Select] button: In the
work window, we click the four corner nodes of the roof area 16, 15, 19 and 20 one after the
other. Finally, we close the selection window with [OK].

The roof's supporting structure introduces the roof loading (not displayed in the model) into
the structural system along the purlins. This means: Both horizontal beams of the monopitch
roof do not participate in transferring loads from the roof loading. Thus, they must be exclud-
ed from the load generation. We use the [Select] button shown on the left, available in the dia-
log section Remove Influence from, to select one of the horizontal beams graphically in the
work window (member 8 or 5). We click [OK] in the selection window. After that, the generator
dialog box should look as follows.
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prRicedares) @YP Localinx v, z
Global related ta true Area of Load Application
( area @ Full closed plane
() Empty, on members anly

Area Load Distribution Area Load Magnitude
@ Unifarm MHode Mo,

! Linear 1: ) _,:a ( 1.20 :T}Nx’mzl
() Warying in direction: 5 % ’E‘f s
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1011

Area Load Direction 'ZL'
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Figure 5.7: Dialog box Convert Area Loads to Member Loads via Planes

We confirm the dialog settings with [OK]. An Info dialog box appears showing us information

about the conversion of area load values into member loads. We confirm this dialog data as

well.

The loading is represented as roof area load. To display the generated loads acting on both
purlins, we right-click this load and open the shortcut menu where we select the option

Disconnect Generated Load.

Figure 5.8: Member loads from area loads on purlins

However, we [Undo] this specification step: The input parameters entered in the generator dia-

log box get lost for disconnected loads. It would no longer be possible to adjust for example

the load magnitude in case of subsequent modifications.

Now, the input for the load case Self-weight is complete.
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Before we enter live loads, we create a new load case. To open the corresponding dialog box,

we point to Load Cases and Combinations on the Insert menu and select Load Case,

or we use the corresponding button in the toolbar (to the left of the load case list).

Edit Load Cases and Combinations IéJ
Load Cases |Actions | Combination Expressions I Action Combinations | Load Combinations I Result Combinations
Existing Load Cases LC No Load Case Description Solve
2 Imposed load -
General | Calculation P:
Action Type EN 1950 | CEN| Self-Weight
0 Imposed - category C: congregation areas LTJ [] Active
Permanent Ly 1 Hirection:
G Prestress 2 ;
IEN Imposed - category A: domestic, residential areas 3A
I Imposed - category B: office areas 3B
Qi € Imposed - category C: congregation areas 3C
05 Imposed - category D: shopping areas D
Imposed - category E: storage areas 3E
I3 Imposed - category F: traffic area - vehicle weight < 30kN iF
W Imposed - category G: traffic area - vehicle weight < 160kN 3G
I Imposed - category H: roofs 3H
£ 1851 Snow (Finland, Iceland, Morway, Sweden) 4.4
@0 Snow (H> 1000m asl) 4B
1880 Snow (H< 1000m asl) 4C
I Wind 5
=3 Temperature (non fire) &
W Accidertal 7
IE3l Earthquake 8
HET Imperfection
- | | comment
y v |G
o) MEIE X &

Figure 5.9: Dialog box Edit Load Cases and Combinations, tab Load Cases

For the Load Case Description we enter Imposed load, or we choose the entry from the list.

We change the Action Type to Qi C Imposed - category C: congregation areas (see chapter
2.3, page 7) by using the selection list. This classification is important for the partial safety

factors and combination coefficients of the load combinations.
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5.2.1 FloorSlab

We choose a new input option to enter the surface load: First, we select floor surface 7 with
a mouse click. Now, when we open the already familiar dialog box by means of the button
[New Surface Load], we can see that the number of the surface is already entered.

Mew Surface Load l&]
No. On Surfaces No. Load Type 'Force'
*. Load Distribution ‘Uniform’
1 i
Load Type Load Direction
@ Farce Local (S
_ related to tue area: _
() Temperature Sy P
() Aial strain (B
© Precamber. § Global @
() Rotary motion,.. || related totue area: L
Load Distribution @z
@ Uniform Glabal [SF
@ Linear related to projected - v
- alea: -
() Linear in & ozP
() Lineariny
() Linearin 2 Load Direction 'ZL'
Load Magnitude
Mode Mo. Magnitude
1 p: 30015 x| [kN/md]
1 p: )| kMAmE ]
1 Y p: S| kN3]
I
Comment
-

\ 4

Figure 5.10: Dialog box New Surface Load
The imposed load is acting as load type Force, the load distribution is Uniform. We accept these
presettings as well as the setting ZL for Global in the dialog section Load Direction.

In the dialog section Load Magnitude, we enter a value of 3 kN/m? (see chapter 2.3, page 7).
Then, we close the dialog box by clicking [OK].
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5.2.2 Edge of Opening

It is easier to apply the linear load to the edge of the opening when we maximize the display of
this area by using the Zoom function or the wheel button.

With the toolbar button [New Line Load] to the left of the button [New Surface Load] we open
the dialog box New Line Load.

LC2 : Imposed load
Losids [kNim], [kMim

MNew Line Load

No. Reference to On Lines No. Load Type Force'
1 | @ Load Distribution 'Uniform'
1 @ Lines
() List of Lines B g =)
P
Load Type Load Distribution Load Direction l l l l l l l l l l i i l
@ Force () Concentrated: Local @x
_ Telated to true = f 7
) Moment P - line length: By ] ]
(OF]
(@ Uniform
Global DXL
) Trapezaidal related ta true -
- s line length: “:' L
() Yarying... = @z
Global %P
related to projected —
liclenglty — ;E Load! Direction ‘Glabal 2L
®

Load Parameters
P k] s Elm
w [ Bl e[ ERm

[ Relative distance in %

[] Load over tatal length of
Line

Comment

‘&

2@

. 4

Figure 5.11: Dialog box New Line Load

The line load as load type Force with a Uniform load distribution is acting in the load direction
ZL.

In the dialog section Load Parameters, we enter 5 kN/m. After clicking the [Ok] button we click
line 11 at the opening's edge (check by display in status bar).

To quit the input mode, we use the [Esc] key or right-click into the empty work window.
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5.3 Load Case 3: Show

Again, we create a [New Load Case] to enter the snow load.

Edit Load Cases and Combinations I&

Load Cases ‘Acliuns | Combination Expressions | Action Combinations | Load Combinations | Rlesult Cumbinatiuns‘

Existing Load Cases LC No. Load Case Description Solve
LC1 Seff-weight, finishes, earth pressure » E) Snow -
[ qi C Jlov] Imposed load
LC3 Snow General | Caloulation P:
Action Type EN 1990 | CEN | Self-Weight
@1 Srow (H < 1000m as)) [l Pacve
M Fermanent bg 1 diredtion
Frestress 2
IEHA Imposed - category A: domestic, residential areas A
0 Imposed - category B: office areas 3B
0 Imposed - category C: congregation arsas ic
Imposed - category D: shopping areas D
IEHE Imposed - category E: storage areas iE
Imposed - category F: traffic area - vehicle weight £ 30 kN iF
[EHE Imposed - category G: traffic area - vehicle weight = 160kN 3G
Imposed - category H: roofs 3H
E 8= Snow (Finland, lceland, Norway, Sweden) 4A
850 Snow (H > 1000m asl) 4B
75 Snow (H £ 1000m a s ) 4C
I Wind 5
I Temperature {non fire) 6
N Accidental 7
I3 Earthquake )
BT Imperfection
.| | Comment
=] (& =< [= - -'ﬁ
B (%]
E)

Figure 5.12: Dialog box Edit Load Cases and Combinations, tab Load Cases

For the Load Case Description we enter Snow, or we choose the entry from the list.

We set the Action Type to Qs Snow (H < 1000 m a.s.l.).

5.3.1 Roof

To enter the snow load for the monopitch roof, we use a load generator again. To open the
corresponding dialog box,

we point to Generate Loads on the Tools menu, then we select From Snow Loads and
Flat/Monopitch Roof.

The dialog box Generate Snow Loads - Flat/Monopitch Roof opens where we define the follow-
ing input (see Figure 5.13).

We select the Snow Load Parameters according to the national annex for Germany for snow
load Zone number 2. Furthermore, we change the value of the Altitude to 500 m (see chapter
2.3, page 7).

Then, we define the Roof Geometry graphically by using the [Select] button: We click the four
corner nodes of the roof area 16, 15, 19 and 20 one after the other (see selection window
shown on the left).

We check if the new LC3 is set in the dialog section Load Case to Generate.

Again, we want to create Member loads, but both monopitch roof beams do not make a con-
tribution to the load transfer (the snow loads are introduced into the structural system by the
roof's supporting structure via purlins). We use the [Select] button shown on the left, available
in the dialog section Remove Influence from, to select one of the horizontal beams graphically
(member 8 or 5).
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Figure 5.13: Dialog box Generate Snow Loads - Flat/Monopitch Roof

We confirm the dialog settings with [OK]. An Info dialog box appears showing us information
about the conversion of area load values into member loads. We confirm this dialog data as
well. The load is represented as roof area load with a value of 1.282 kN/m?.

To display the generated loads acting on both purlins, we can use the option Disconnect Gen-
erated Load which is available in the load shortcut menu. In this way, we can make visible both
member loads of 4.023 kN/m each.

Separating loads should be undone immediately by using the [Undo] function so that the
input is kept in the generator dialog box.

5.3.2 Floor

Snow loading also acts on the semicircular area of the floor surface. As surface 1 is stressed on-
ly partially by snow, we cannot use the function New Surface Load. In the full and trial versions
of RFEM, it would be advisable to subdivide the floor into two surfaces in order to simply set a
surface load on the semicircular surface. As the demo version allows only for two surfaces used
in the model, we choose a more complex input option.

First, we set the [View in Z direction]. Then, we select plane [XY] as our new work plane.

We define the snow load as Free Polygon Load. We find the corresponding function in the list of
the toolbar button [New Load] (to the right of the button [Surface Load]).

The dialog box New Free Polygon Load opens (see Figure 5.14) where we define the load to be
acting On Surfaces No. 1 and Global related to projected area ZP. In contrast to dead loads (like
self-weight) which refer to the true area, snow loads must be related to the base area (this dif-
ference is not significant for horizontal surfaces).

The load is projected in the XY Plane.
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Free Polygon Load
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Cancel
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¥
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Figure 5.14: Defining new free polygon load by clicking arc points

We define the Load Position in the work window by using the [Select] button: We start at arc
node 4 at the top of the arc, and then we use the reticle cursor to click any points on the arc
line one after the other so that we approach the semicircular surface with a polygonal chain.
As soon as we reach the arc end at node 3, we close the yellow dialog box with [OK].

In the dialog section Corner Point Numbers and Load Magnitudes, we enter the value 1.284 kN/m?
which was given as roof snow load by the generator.

We click [OK]. RFEM puts the load on the semicircular surface. We close the input mode with the
[Esc] button or a right-click into the empty workspace. Then, we change to the [Isometric View].
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Figure 5.15: Snow loads

Load Case 4: Wind

We create a [New Load Case] for the wind loads in direction Y.

rEdit Load Cases and Combinations §1
Load Cases | Actions | Combination Expressions | Action Combinations | Load Combinations | Resut Combinations
Existing Load Cases LC No. Load Case Description Solve
[ c_Jiw] Self-weight, finishes. earth pressure = 4 Wind in +Y -
Lcz Imposed load
iGN LC3 Snow General | Calculation P
Action Type EN 1990 | CEN| Self-Weight
I Wind - Active
Factor in direction:
z[
- | | Comment
Bl =
@]
L

Figure 5.16: Dialog box Edit Load Cases and Combinations, tab Load Cases

In the dialog field Load Case Description, we select Wind in +Y from the list. The Action Type
changes automatically to Qw Wind.
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5.4.1 Steel Construction Loads

Again, we use a load generator to enter the wind load applied to the walls that are closed on
all sides and to the monopitch roof. To access the corresponding function,

we point to Generate Loads on the Tools menu, and then we select From Wind Loads
and click Vertical Walls with Roof.

In the dialog box Generate Wind Loads - Vertical Walls with Roof, we specify the following set-
tings (see Figure 5.17):

The Velocity Pressure is defined according to the national annex of Germany for Wind zone 1
and Terrain category lll (see chapter 2.3, page 7). The [Info] buttons facilitate the assignment.
Finally, we change the value of the Structure height to 8 m.

Furthermore, we define the Base Geometry with the [Pick] button, selecting floor nodes 1, 4, 3
and 2 (please pay attention to the order shown in the dialog sketch). For the roof geometry we
use the [Pick] function again, clicking the roof nodes 15, 19, 20 and 16.

We check if wind direction A - B is set in the dialog section Set Wind on Side.

In the dialog section Load Case to Generate, we deactivate both load cases w- and w+'. As de-
scribed in chapter 2.3, page 7, we want to analyze only the positive external pressure coeffi-
cients. The load of LC w+ will be generated for LC4.

Again, we want to create Member loads, but the monopitch roof beams do not make a contri-
bution to the load transfer. We use the [Pick Member] button shown on the left, available in
the dialog section Remove Influence from, to select one of the horizontal beams graphically
(member 8 or 5). The diagonal member 12 is automatically excluded from the load transfer.

-
Generate Wind Loads - Vertical Walls with Roof

[E==

Velocity Pressure

Tenain category:

Categary I - F

Acecording to code: BEIEN 199114 = Structure height
MHational Annex: =DM - h: 8.0001 ] [m]
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‘wind zone: 1 M)
A 3005 x| [m]

Wertical Wallz with Root

Fundamental wind wvelocity
vh 2265 7| [mis] E-}

Base Geometry Roof Type and Geometry

Mode No. Type: @ Flat/monopitch roof... =
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A

,
=
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Figure 5.17: Dialog box Generate Wind Loads - Vertical Walls with Roof
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After clicking [OK] a dialog box appears showing us information about the generation data. We
click [OK] to confirm the dialog box. Now, we can see the wind loads displayed as surface loads
on the model.

In addition, we can use the option Disconnect Generated Loads available in the load shortcut
menu to make the member loads visible. However, we undo this operation immediately.

5.4.2 Column Loads

The loads applied to the lower part of the structure will be defined manually.

Defining a uniform member load
The wind suction acts on the column at the high eaves side with a constant value.

We select column member 7 with a mouse click and open the dialog box shown in Figure 5.18
with the button [New Member Load].

The Load Direction is globally related to the true member length in YL. The wind load compo-
nent apportioned to the column is 1.5 kN/m. We enter the value as Load Parameter.

We click [OK]. Now we see the member load represented on the column.

. ~
New Member Load [&J
No. Reference to On members No. Load Type 'Faorce’
1 @ Members 1 Load Distrioution 'Uniform’
_ List of members =
) Sets of members P
Load Type Load Distribution Load Direction l l L l l l l l
YYYYY
@ Force “) Concentrated: Local %
related to true 1 j
~) Moment P ember lenagth: ¥ 8
' Temperature . z ¥
@ Uniform
il s Global R
xial strain ;
- “) Trapezaidal related to true @
) Avial digplacement Member length: 9 L
' Marping... = 2L A
! Precamber
Global . wp
i preiess related ta projected B -
- Member length: - Load Direction 'Globsal L'
) End prestress “zZP
) Extra:
- = — =X e
Imposed displacer = Y& T ; 2 7
Z I
Load Parameters z
r—— -
P 15005 5| [kMAm] A =¥ [m]
pz | =] kM) B: A .
] =
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b4
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™ >
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“wind suction -
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\ 4

Figure 5.18: Defining wind suction as uniform member load
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Defining a trapezoidal member load

Due to a backfill set in a certain zone, the low eaves side reveals an asymmetrical load applica-
tion area for wind pressure. Thus, the load distribution on the column is variable.

We select column member 2 and use the button [New Member Load] to open the dialog box
New Member Load again.

Again, the Load Direction is defined globally in YL, but the Load Distribution is Trapezoidal.
With this setting two Load Parameters become accessible: We enter 0.5 kN/m for the member
start p; and 3 kN/m for the member end p.. (We defined the columns from bottom to top; thus
the member start is equal to the column base).

As the Load acts over total length of Member, we select the corresponding check box.

We click [OK]. Now we see the member load represented on the second column.

r ~
MNew Member Load &J
No. Reference to On members No. Load Type 'Force'
2 6 Members 2 Load Distribution 'Trapezoidal'
) Lj " Ty [
: List of members SENE
() Sets of members T
Pz
Load Type Load Digtribution Load Direction M
_ _ _ YYYYY
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_ related to tug F . ] i
() toment P tember length: - ¥ - Y
() Temperature ® Uriform
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() Avial displacement tMember length:
§ () Warying... :
_ Precamber -
Global FIHP
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- Member lenath: O Load Direction ‘Global L'
() End prestress ®zP
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Figure 5.19: Defining wind pressure as trapezoidal member load

Now, the RFEM graphic showing the generated and manually defined wind loads should look
like the figure below.
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|55 Load Case 5: Imperfection

In the final load case we define imperfections for the columns that are stressed by axial force.

This time, we use the Data navigator to create a new load case: We right-click the entry Load
Cases to open the shortcut menu, and then we select New Load Case.

Project Mavigator - Data x

T RFEM
(2-¥ Tutorial [Examples]

| »

m

Edit Load Cases...
Mew Load Case... L\\)
Go to Table

Delete All Load Cases Del
H-oy Combinmmomopressmons

----- =% Action Combinations

- Loads

----- |_J Results

----- | Sections -
4 | i b

ﬁData ﬂDisplay AViews

Figure 5.21: Shortcut menu Load Cases

We choose Imperfection towards +Y from the Load Case Description list. The Action Type
changes automatically to Imp Imperfection.

Edit Load Cases and Combinations IéJ

Load Cases |Actions | Combination Expressions I Action Combinations | Load Combinations I Result Combinations

Existing Load Cases LC No Load Case Description Solve
LC1 Self-weight, firishes, earth pressure » 5 Imperfection towards =Y -
IEHE LC2 Imposed load

o= L3 Srow General | Calculation P:

(C4 | Windin +¥ Action Type EN 1990 CEN| Selif-Weight
Imperfection towards +Y
T Imperfection ~ | [ Active

Factor in direction:

m

Comment

EEEEHFE X - )

Figure 5.22: Dialog box Edit Load Cases and Combinations, tab Load Cases

We close the dialog box by clicking the [OK] button.
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5.5.1 Steel Columns

We click the toolbar button [New Polygon Load] to open its list menu where we select the en-
try New Imperfection. The following dialog box opens.

New Imperfection RS
No. Reference to On members No.
1 @ Members
() List of members . AN
() Sets of members - -
Direction Parameters
Local @y Reference: @ Relative
auis: -
F () Abzolute
Principal ) u - = .
awis: - Inclination oo : 1/ 200,001+ [ Im
B
Precamber ena/l: 1/ 2500023 [
Precamber activity
criterion: EM 1993-1-1 [5.8) -
L
Calculate Value of Inclinaticn
|| According to Standard Inclinstion according to
ool - PARy— EN 1983-1-1: 2005-07 (Eurocods 3)
9 (@ EM 1993-1-1:2005-07 [Eurocode 3]
|| O DIN 1045-1:2001-07 -
E () DIM 18800:1930-11 . / - / / - / *lel
L | © DIN 1052:2004-08 L ' : :
— - I I 1 » g @ i
- - —» e =
Inclination Parameters | | | :
| I

[
Basic Value 25 14 200005+ [ I I _Z

Structure Height h: !_ 4,000 [m]
Mumber of calumns in =
ahe row m: 1= =g+ ah * Um
2 22
Reduction Factor Qh: 1.000 [-] oh = — 3
H =1.0
Cm © 1.000) [-]
= Y 1
Inclination & 1/ 200.00 [ Om = 105 (1+-—)
0.005000| [-]
[ Ok ] [ Cancel

X

Figure 5.23: Dialog box New Imperfection
We want to apply the imperfection in Direction of the column axes y, which is the direction of
the 'weak’ member axis that is parallel aligned with the global axis Y in our example.

To enter the Inclination @o, we use the [Edit] button that opens the dialog box Calculate Value
of Inclination. We set Standard EN 1993-1-1 and change the Structure Height to 4 m. We click
[OK] and return to the initial dialog box.

According to EN 1993-1-1, table 5.1, we have to apply a Precamber eoq/L of 1/250 (see chapter
2.3, page 7) for the buckling curve b of cross-sections HE A 300.

Then, we change the activity criterion for the precamber to EN 1993-1-1 (5.8) and confirm the
dialog box with [OK].

Finally, we click the four steel columns with the member numbers 6, 4, 9 and 7 to assign the
imperfections.

We quit the function with the [Esc] key or a right-click.
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Figure 5.25: Dialog box New Imperfection
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Again, we define the Inclination o with the [Edit] button: In the dialog box Calculate Value of
Inclination, we set Standard EN 1992-1-1.

As we do not have to consider precambers in accordance with Eurocode 2, we specify the
Precamber eoq/L with zero (1/0.00) in the initial dialog box.

We check if settings are defined as shown in the figure above. Then, we confirm the dialog box

and click both concrete columns with the member numbers 1 and 2 to assign the imperfections.

5.6 Checking Load Cases

All five load cases have been completely entered. It is recommended to [Save] the input now.

We can check each load case quickly in the graphics: The buttons [4] and [»] in the toolbar
allow us to select previous and subsequent load cases.

le  Options
E B % wca-windin -y el P B R WEREREER VD
Q- G- -1 mBRBP-H Previous Load Case, ... EE-A-1§-T=| Lo

Add-on Modules Window Help

Figure 5.26: Browsing the load cases

The loading's graphical input is also reflected in both the Data navigator tree and the tables.
We can access the load data in table 3. Loads which can be set with the button shown on the
left.

Again, graphic and tables are interactive: To find a load in the table, for example an imperfec-
tion, we set table 3.13 Imperfections, and then we select the load in the work window. We see
that the pointer jumps into the corresponding row of the table (see the following figure).

LCE : Imperfection towards +Y
Loads [-]

1/Phi= 20

W

3.13 Imperfections x
= 6 & | ] 81 (3] | 3 3= o | [ == 3@ % (8] Lc5 -imperectionton | @
C D E F G H | -
Table 3. Load_sj Inclination | Precamber Activity Apply wo F
Na. Referenceto | On Members No. | Direction | Reference 1/eoH lAwo [ Criterion from =0 [] Comment
1 Members 4673 y Relative 200.00 250.00 | EN 1393-1-1(5.8) L
Members <} 1.2 ¥ Relative 200.00 0.00 3
3
4 L
5] -
Free Circular Loads | Free Polygon Loads | Imposed Nodal Deformations | Imposed Line Displ its | Imperfections | W[4 r][n
Reference to

Figure 5.27: Interaction between graphic and load tables
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6. Combination of Actions

We combine the load cases according to EN 1990. We take advantage of the generator inte-
grated in the program to superimpose the actions with the required partial safety factors and
combination coefficients. The relevant conditions have already been created when the model
was defined in the dialog box General Data where we have selected the option Create combi-
nations automatically (see Figure 3.1, page 8).

The Action Type defined for the load cases (see Figure 5.22, page 62) determines the way how
load cases are combined in different design situations.

6.1 Checking Actions

The load cases must be assigned to Actions which will be superimposed in accordance with
regulations. Actions represent independent influence values that arise from different origins.
The correlation existing between them may be neglected with regard to the reliability of the
structural system.

Load cases, actions and combinations are managed in the dialog box Edit Load Cases and Com-
binations (see Figure 5.22, page 62) as well as in tables number 2. We can access these tables by
clicking the table button shown on the left. Table 2.1 Load Cases shows us the five load cases
with the selected action categories in a clear overview.

2.1 Load Cases x
BEHEE S [IEO|[5[= [ K F=ELE M & EEEHT
i inatori b [ E T F ]G] H ]
QO iabie 2. oadl Cases and Combrinalorics EN 1990 CEN Sefweight - Factorin Direction
Case Description To Solve Action Category Active X Y Z | Comment

Selff-weight, finishes, earth pressure IEE Permanent 0.000| 0.000| 1.000 L
Imposed load IEHE Imposed - category C: congregationare | [
Snow @27 Snow (H <de> 1000 m a.sl), -l 4
Wind in +Y Wind d
Imperfection towards +Y M Imperfection ] -

Load Cases | Actions | Combination Expressions | Action Combinations | Load Combinations | Result Combinations |
Type of Load Case

Figure 6.1: Table 2.1 Load Cases

The subsequent table 2.2 Actions shows us the load cases that are contained in the individual
actions. Each load case of our example is assigned to another action. However, if we had de-
fined several wind load cases for different directions, they all would be listed in the action
Wind.

2.2 Actions x
AEEE EE IO [#=[E K+ FELEH E W EH & E AR
B [ ¢ [ o [ E T F | & |
Action EN 1590 | CEN Load Cases in Action
Action Description Action Category Acting LC.1 LC2 LC.3 Comment
- Permanent | G Permanent Lc1 L
A2 | Imposed @3 Imposed - category C: congregation are LC2 3
A3 | Snow 8= Snow (H<1000masl) LC3
Ad | Wind Wind LC4
A5 -
Load Cases lﬂc‘tions lCombination Expressions lAction Combinations lLoad Combinations lﬂesuh Combinations J
Description

Figure 6.2: Table 2.2 Actions

The imperfections are missing in this table because they do not represent "real" actions.
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6.2 Defining Combination Expressions

In accordance with EN 1990, we have to combine the actions for the ultimate and the service-
ability limit state design according to certain rules. Table 2.3 Combination Expressions shows us

which limit states are set to be analyzed.

2.3 Combination Expressions x
HE S EE €O #2650 K d || o | [l 2| B S
I A C [ D [ E [ -
Combin. | Combination Expression EN 1930 | CEN Consider
Express. Description Use Design Situation Favorable G Actions | Imperfection LC's
CE1 | ULS ULS (STR/GEQ) - Permanent / transiert - Eg. .10 a a L
CE2 |sLs SCh SLS - Characteristic O a 1
CE3 |sLS ISIFF 5LS - Frequent O a
- SLS N\ 1 ASES 5.5 - Quasipemanert O a |4
[ CE5 | o -
4 | i L2
Load Cases | Actions | Combination Expressions | Action Combinations | Load Combinations | Result Combinations |

Figure 6.3: Table 2.3 Combination Expressions

Only the ultimate limit state (ULS) is relevant for our example. Therefore, we remove the three
check marks in the table column Use for the combination rules of the serviceability limit states

(SLS).
Now, we use the navigator shortcut menu to open the dialog box Edit Load Cases and Combi-
nations. We want to Edit the parameters of the combination expression CET.

Project Mavigator - Data
E™ RFEM
&%) Tutorial* [Examples]
3 Model Data
E| ‘¥ Load Cases and Combinations
_§ Load Cases
0¥ Actions
----- _J Al: Permanent
----- ) AZ: Imposed
-] A3: Snow

Edit... Enter

9% | New Combination Expression...

Go to Table
Delete Del
o Result Corrommammor
- Loads
----- ] Results
----- ] Sections

..... ) Average Regions
----- ) Printout Reports
() Guide Objects

(-] Add-on Modules

ﬁData @Display ,ZiViews

Figure 6.4: Navigator shortcut menu of combination expressions

To read describing comments informing us about the combination expression for the limit
states STR and GEO, we use the [Info] button available in this dialog box (see figure below).
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Edit Load Cases and Combinations

Load Cases I Actions | Combination Expressions | Action Combinations | Load Combinations | Result Combinations |

Existing Combination Expressions
STR CE1 uLs =
sCh SLS

SFr
Si0p CE4 5LS

1

CE No. Combination Expression Description
1 uLs

General | Reduce - Leading Actions

Design Situation
S ULS (STRAGEQ) - Permanent / transient - Eq. 6.10
Settings

Consider:
|| Favorable permanent actions

Imperection load cases...

[ Bxclusive/Inclusive load cases... =

Reduce number of generated combinations
due to:

[ Bxamining resuits...

ading vanzble actions...

[ Restriction of number of load cases...
@ All combinations of listed LC's
Alllisted LC’s always together

Result Combinations

EN 1990 | CEN

- 8]

Generate additionally Either/Cr result combination
Numbering of Generated Combinations {result envelopes)

First number of generated
Load combinations: 1

Result combinations: 1

REIER

Method of Analysis

Method of analysis: | Second-order analysis (P-Defti +

Comment

[~| Generate addtionalty 2 separate Either/Or resukt
combination for each combination expression

Imperfection only with wind

Figure 6.5: Dialog box Edit Load Cases and Combinations, tab Combination Expressions

In the dialog section Settings, we activate the option Imperfection load cases to Consider the
imperfections for the generation of combinations. When the check box is ticked, the following

dialog box opens.

Settings

Imperfection Load Cases

Options

Allimperfection load cases as altemative

without imperfection

[ Remove all load combinations without imperfection

[7] Prefer common assignment of imperfections

{: Subject to specific load cases)

[] Remove co-existence of the same load combination with

Use Load Cases of Type ‘Imperfection’ P
LC Load Case Description { Use Y| Onlywth Load Caseg | Never with Load Cases
Imperfection towards +Y \ J [ce 1)
a— \-—-r
[

Select Load Cases

[ (EmE Lc2 Imposed load
[T |woEn L3 Show
LC4 wind in +

All

[C1 | L Self-weight, finishes, earth pressure

m

L

Figure 6.6: Dialog box Settings for imperfection load cases

We tick the check box in the table column Use so that LC4 can be taken into account.
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Then, we activate the function Subject to specific load cases in the dialog section Options.
Two more table columns will be enabled where we click into the field Only with Load Cases.

A button [...] appears at the field end which we can use to access the dialog box Select Load
Cases. We select LC4 Wind in +Y. In this way, RFEM will consider imperfections only in combi-
nations which include wind load cases.

We confirm the dialog boxes shown in Figure 6.6 with [OK].

In the dialog section Settings of the initial dialog box, we Reduce number of generated combina-
tions by taking into account only Leading variable actions. When we tick the option, another
tab is enabled in the dialog box.

CE No. Combination Expression Description Use

1 uLs -

Geneﬁﬂq Reduce - Leading Actions }

Select Leading Variable Actions.

Action EN 1950 | CEN Leading
Action Description Action Category Load Cases in Action Actions
A2 Imposed IEHH Imposed - category | LC2 []
ER Srow @2 Snow (H <le> 1000 |LC3 'd O D
A4 | Wind 78 Wind Lc4 I

Figure 6.7: Defining leading actions in dialog tab Reduce - Leading Actions

In the tab Reduce - Leading Actions, we clear the check box for action A3 because we want to
superimpose the Snow load case as secondary variable load only. Thus, the number of gener-
ated combinations will be reduced.

Before we close the dialog box Edit Load Cases and Combinations with [OK], we make sure that
the option Generate additionally Either/Or result combination in the General tab is checked
as well. This result combination provides the extreme values from the results of all load combi-
nations (envelope).

RFEM creates the action combinations. When we click table tab 2.4 Action Combinations and
return to table 2.3, the column Generated Action Combinations informs us that 13 combinations
were created.

2.3 Combination Expressions x
AEEE EE IO [#=[E o= | FEH [ o || @2 LR

I D [ E [ F [ G [ H [ |-
Combin. Consider Reduce number due to Generated

Express. | Fayorable G Actions Imperfection LC's | Bx/Inclusive LC's | Examining Results |Leading Actions | Action Combinations Comment

a a a ACT . AC13(13/13) | Imperfection |
CE2 ] ] ] ] i
CE3 ] ] ] ]

CE4 O a a a
CE5 -
4 L 2

Load Cases | Actions | Combination Expressions | Action Combinations | Load Combinations | Result Combinations |

Figure 6.8: Table 2.3 Combination Expressions, table column Generated Action Combinations
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1 6.3  Creating Action Combinations

RFEM creates automatically 13 action combinations (see Figure 6.8) which are listed and sorted
by actions in table 2.4 Action Combinations.

2.4 Action Combinations ®
IR = BEEI3EO |[3]] A ¥ = e« 8| %
B G Fl G H[ 1 J [ K
Action Combination EN 1550 | CEN Action.2 Action.3 Action.4
Description Use | Design Stuation Far.:tor| Mo. |Factor] Mo. |Factor| Mo.

j ULS (STR/G
AC2 | 1.35G +1.50QIC B ULS (STR/G
AC3 | 1.35G + 1.50GiC + 0.750Qs = ULS (STR/G

AC4 |1.35G +1.50GIC + 0.750s + 0.90Qw | ¥ |EE ULS (STR/G 0.0 Ad
AC5 |1.35G + 1.50QiC + 0.90Qw ] ULS (STR/G
ACE | 1.35G +1.50Qs O ULS (STR/G
ACY | 1.35G + 1.05QiC + 1.50Qs O ULS (STR/G

ACB |1.35G +1.05QiC + 1.50Qs + 0.90Qw | [ ULS (STR/G 0.50 | IETE A4
AC3 | 1.35G + 1.50Qs + 0.90Qw O |EE ULS (STR/AG
ACID | 1.35G = 1.50Qw ULS (STR/G
AC11 | 1.35G = 1.05QiC + 1.50Qw B ULS (STR/G

AC12 | 1.35G + 1.05QiC + 0.75Qs + 1.50Qw ULS (STR/G 1.50 [IET A4
AC13 |1.35G +0.75Qs + 1.50Qw Fid ULS (STR/G

4 1 I +

Load Cases | Actions |Combination Expressions | Action Combinations | Load Combinations | Result Combinations |

Action Combination Description

Figure 6.9: Table 2.4 Action Combinations

This overview corresponds to the presentation of actions described in the standards. By select-
ing the check box in the Use column we can define the action combinations which will be con-
sidered for the generation of load combinations. Because we have applied action Qs (snow) to

be an accompanying variable action only, we can now see that corresponding action combina-
tions where action Qs is the leading one are disabled.

| 64 Creating Load Combinations

15 load combinations are automatically created from the nine relevant action combinations
(see Figure 6.9). The result is listed in the subsequent table 2.5 Load Combinations.

2.5 Load Combinations x

B S = 8 PE0 | @

B
Load Load Combination 4 LCE
Combin. Description To Factor No. Factor| Mo
CO1 [ 1.35°.C1

€02 [1.350C1=151C2

CO3 [135LC1 = 15C2+0.75C3

€04 [1351C1+151C2+0751C3 =05
1.35°0C1 + 15°.C2+ 0.75LC3 + 0.5°
CO6 [ 135°1CT+151C2+091CA

€07 [1.35°0C1+151C2=0.97C4+LC5
COB [1.35°C1=157C4

€03 [135LC1+151C4+1C5

COT0 [1.35°.C1 + 1.05°LC2 + 1.5°L.C4

0.50
0.90

[ 1.00]MEr LC5

m

1.00

CO11 | 1.35°LC1 + 1.05°LC2 + 1.5°LC4 + LC5 1.00 LCB
€012 | 1.35°LC1 + 1.057LC2 + D.757LC3 + 1.5 150 LC4
C013 [ 1.35"C1+ 1.05°LC2 + D.75°LCI+ 1.5 150

1.00 |HIET LC5
CO14 | 1.35°1C1 + 0.75°L.C3 + 1.5°L.C4 L

CO15 | 1.35°LC1 + 0.75°LC3 + 1.5°LC4 + LC5 1.00 NI LC5 | =

] [ M | 3

EEEEEEEEEEREEEEEE D5
= -
©

Load Cases Jﬁctmns lComblnatloﬂ Expressions lM\on Combinations | Load Combinations | Result Combinations J

Figure 6.10: Table 2.5 Load Combinations
Table columns D to M inform us about load cases including respective partial safety and com-
bination factors.

Imperfections are contained, according to our specifications, only in combinations with wind
actions Qw.
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Project Navigator - Data x

RFEM

Ol

“#) Tutorial” [Examples]
(23 Model Data
=28 Load Cases and Combinations

[ 2

4 Load Cases

=% Actions

2% Combination Expressions
=% Action Combinations
=% Load Combinations

-3 CO1:135*LC1

-0 C02:1.35*LC1 + 1.5°L.C2 =
-0 €C03:1.35*LC1 + 1.5°L.C2 + 0.75%LC3
-0 CO4:1.35*LC1 + 1.5°L.C2 + 0.75%LC3
-0 C05:1.35*LC1 + 1.5°L.C2 + 0.75%LC3
-0 CO6:1.35*LC1 + 1.5°L.C2 + 0.9*LC4
|20 CO7:1.35*LC1 + 1.5°L.C2 + 0.9*LC4
-0 CO% 3l Edit...
-0 COU T Wew Load Combination... %

R GotoTable

[l COL: :@ Copy Load Combination...

ﬂnata Enisplay _ﬁvie‘ws

Shortcut menu Load Combinations

Dlubal

We use the navigator shortcut menu shown on the left to open the dialog box Edit Load Cases
and Combinations where we want to look at the created load combinations.

Edit Load Cases and Combinations =

| Load Cases | Actions | Combination Expressians | Action Combinations | Load Combinations | Result Combintions |

Existing Load C CO No. Load Combination Description Solve

G CO1 | 1351CT - 7 TR =
Sl CO2 | 1.35°1C1 + 15702

STR J68X] 1.35°LC1 + 1.5°LC2 + 0.75°LC3 General | Calculation Parameters

STR Qe 1.35°1C1 + 1.5°LC2 + 0.75°LC3 +

L350 + 1502 « 07503 Load Cases in Load C ion COT
) N TR | No | Factor | Load Case | Action | Leading ‘ + | ]
1351C1 + 15102+ 0.9°LC4 A
13501 + 157 05°.C4 = L1 1.350 (HEM LC1 - Seff-weight. finishes, earth pr |IEM A1 - Pemanent
135101 + 15104 8¢ LC2-Imposed load
e 3 | 0500 |ETE LC4-Windin =Y =2 A - Wind =] 150] 080
SEICO10  |1.35°0CT + 1.05°LC2+ 15°1C4 4| 7000 R LS -Impetection towards o

STR Jeelh] 1.35°LC1 + 1.05°LC2 + 1.5°LC4 +
1] CO12 1.35°LC1 + 1.05°LC2 + 0.757LC3 +
STR [6sk] 1.35°LC1 + 1.05"LC2 + 0.75"LC3 +
G CO4 1.35°LC1 + 0.75°LC3 + 1.5°LC4

B CO15 1.35°LC1 + 0.75°LC3 + 1.5°1.C4 +

[

m

- Comment

l S - [
BB ok [ o

Figure 6.11: Dialog box Edit Load Cases and Combinations, tab Load Combinations

When we select the Existing Load Combinations one after the other in the list, we can see all
load cases together with the respective partial safety and combination factors displayed in the
dialog section to the right. Load cases which act as Leading within the combination are identi-
fied by a check mark.

To access the partial safety and combination factors, we use the [Details] button.

Coefficients - EN 1990 | CEN (5]
Partial Safety Coefficients ‘Cnmbinatinn Coefficients | Consequences Class
Partial Safety Coefficients for Static Equilibrium
Design Situation
Basic

Action Category Combination  Accidental Earthquake
1. Pemmanent Actions Unfavorsble  7,sup 110 100 1005

Favorsble  7Gint 090 1001 1.005
2. Prestress Unfavorsble  7p.sup 1104 1001 1.001=

Favorsble  7pnf: 0901 1001 1004
3.
6. Varable Actions Urfavorable 7o 150 1.00 - 1.00-
7. Accidertal Actions A 1.00-
8. Seismic Actions i3l 1.001=
Partial Safety Coefficients for Uttimate Limit State

Design Situation
Basic

Action Category Combination  Accidental Earthquake
1. Pemanent Actions Urfavorable  76.sup : 13515 1.00= 1.001=

Favorsble  ymnf 10045 100 100E
2. Prestress TR 100k 100 1004
3.
6. Varable Actions Urfavorable 7o 150 1.00 - 1.00-
7. Accidertal Actions T 1.00-
8. Seismic Actions i3l 1,001

=X BDEE

Figure 6.12: Dialog box Coefficients, tab Partial Safety Coefficients
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Furthermore, we can use the Calculation Parameters tab to check the specifications applied by
RFEM for the calculation of different load combinations.

Edit Load Cases and Combinations

=]

| Load Cases I Actions | Combination Expressions I Action Combinations | Load Combinations | Resutt Cnmblnanons‘

Existing Load C

STR Jeel] 135%1C1

Bl Co2 135701 + 15712

STR Jeek] 135°C1 +15°LC2 + 0.75°LC3
STR Jeel) 1.35°LC1 + 1.57°LC2 = 0.75°LC3 +
Eil CO5 1.35°LC1 +1.5°LC2 + 0.75°LC3 +
STR Jeel 1.357C1 + 1.57LC2 + 0.9°LC4
1.35°1C1 + 1.5°LC2 + 0.9°LC4 + L
STR Jesh] 135701+ 1.57°1C4

STR Jusk] 1.35°1C1 + 1.5°LC4 = LCE

STR Jueili] 1.35°C1 +1.05°.C2+ 1.5°LC4
STR Jueih] 1.35°LC1 + 1.05°C2 + 1.5°1C4 =
il CO12 135°C1 +1.057.C2 + D 75°LC3+
Bl CO13 1.35*LC1 + 1.05°LC2 + 0.75°LC3 «
STR JeelEy 135°C1+075°LC3+ 1 5°1C4
i CO15 1.35°LC1 + 0.75°LC3 + 15°LC4 +

Al hd

m

CO No. Load Combination Description

STR

Gen Calculation Parsmeters |)

Solve

ol

Method of Analysis

Geometrically linear static analysis
Second-order analysis (P-Delta)
Large deformation analysis

_) Postcritical analysis

Method for Solving of System of
NorHinear algebraic equations:
Newton-Raphson
Newton-Raphson combined with Picard
@ Picard
Mewton-Raphson with constant stiffness matrix
Medified Newton-Raphson

Options
Consider favorable effects
due to tension
[Z] Modify loading by factor: =iz
Divide results by loading factor
Refer intemal forces to deformed
structure for.
Normal forces N
Shearforces Vy and V=
[¥] Momerts My, Mzand Mt

Try to calculate kinematic mechanism
{add low geometric stiffnesses in first fteration)

[~ Use custom number of load -
increments 1= H

Materials (E. G) - Divide by partial factor vy from
Table 1.3

Figure 6.13: Checking the Calculation Parameters of a load combination

Basically, load combinations are analyzed non-linearly according to the Method of Analysis for

Second-order analysis.
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6.5 Checking Result Combinations

When we defined the combination expressions, we activated the option Generate additionally
Either/Or result combination (see Figure 6.5, page 68) giving us information about the extreme
values of all load combinations.

RFEM generates a results envelope from the load combinations. The definition criterion can be
checked in the final tab of the dialog box Edit Load Cases and Combinations as well as in table
2.6 Result Combinations.

Edit Load Cases and Combinations I&
| Load Cases I Actions | Combination Fxpressions I Action Combinations | Load Combinations ‘ Result Combinations |
Existing Result Combinations RC No. Result Combination Description Solve
ULS (STR/GEQ) - Permanent / tra il 1 w ULS (STR/GEQ) - Pemmanent /transiert - Eq. 6.10 -
General | Calculation P
Existing Loading Leading in Result Combination RC1
LC1 Seff-weight, finishes, eath » i
[ aic Jled Imposed load 1.00 coz Permanent 1
@@= LC3 Snow 1.00 co3 Permanent 1
LCc4 Wind in +Y 1.00 co4 Permanert 1
I L5 Imperfection towards =Y 1.00 cos Permanert 1
1.00 Cos Permanert 1
o 1.00 co7 Permanent 1
= 1.00 cos Permanent 1
= 100 cos Permanent 1
= A 1.00 co1 Permanent 1 |z
i [e) | toofEmcorn Permanent 1
= 1.00 coz Permanent 1
100 co13 Permanent 1
100 col4 Permanent 1
100 cots Permanent 1
2 100 - - (@ Permanent - - -
LC Load Cases - () Variable
~| | comment
u - X -

Figure 6.14: Dialog box Edit Load Cases and Combinations, tab Result Combinations
All load combinations are superimposed with factor 7.00 and the criterion Permanent. They all
are assigned to group 1, which means that they act alternatively.

Now, the superposition criteria is completely defined. We can save the input with the [Save]
button.
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7. Calculation
7.1 Checking Input Data

Before we calculate the model, we want RFEM to check our input. To open the corresponding
dialog box,

we select Plausibility Check on the Tools menu.

The dialog box Plausibility Check opens where we define the following settings.

Plausibility Check [
Check Type of Check
Model data ) Mormal
Load data @ ‘with warnings

) Mone, only statistic
Which Load Cases

) Current load case Option
@ All Generate FE mesh
Detect callizions
[ (] 3 ] I Cancel

. 4

Figure 7.1: Dialog box Plausibility Check

If no error is detected after clicking [OK], a corresponding message is displayed, including
summary of model and load data.

Plausibility Check [

All data has been checked.
Mo errars found.

Infa Model D1ata | Load Data

Structure Dimensions Structure Weight

Ay 10,150 [m] Surfaces: 45619.7 [ka]

Ay E.300 [m] Solids: 0.0 [ka]

Az T.987 [m] Members: BR0B.7 [ka]

Total: 52128.4 [kl

T

. 4

Figure 7.2: Result of plausibility check

We find more tools for checking the input by selecting
Model Check on the Tools menu.
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7.2  Generating FE Mesh

Generate the FE mesh

As we have selected the option Generate FE mesh in the dialog box Plausibility Check (see Fig-
ure 7.1), we have automatically generated a mesh with the standard mesh size of 50 cm. (We
can modify the preset mesh size by selecting FE Mesh Settings on the Calculate menu.)

Figure 7.3: Model with generated FE mesh

Create a FE mesh refinement

We define refinement areas for both ends of the downstand beam to generate a finer FE mesh.

We double-click node 3 to open the dialog box Edit Node. We change to the tab FE Mesh where
we select the check box of the option Available (see Figure 7.4).

Since we have not yet defined any type of FE mesh refinement, the dialog box New FE-Mesh
Refinement opens automatically.

It is not necessary to modify the default settings Node - circular as well as the proposed Param-
eters. The FE mesh will be deleted after confirming both dialog boxes with [OK].

A refinement area represented as spherical form is displayed on the selected node.

.7 Calculation / I\
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FE Mesh Refinement
Select Nodex

1

Selected:

[3.4

Clear oK

Cancel

AN
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Edit Node

New FE-Mesh Refinement

(S

Mode Coordinates | Support | FE Mesh
Node No.

B

FE Mesh Refinement
(I [¥] Available }

Type:

No. Node No.
1 3

FE-Mesh Refinement Applied to
@ Mode - circular
) Node - rectangular
Line - FE-length
Line - divizion
Line - gradually
Surface

Salid

Parameters

R adius:

2H005 x| [m]

Target FE length

- Inner: 01005 [m]
- Outer: 05005 x| [m]
Comment

@ &) @

Ok

J [ Cancel

N

Figure 7.4: Dialog boxes Edit Node and New FE-Mesh Refinement

Now, we have to transfer the FE mesh refinement to the second end node of the downstand
beam. In the Data navigator, we double-click entry 7 listed below the FE Mesh Refinements to
access the dialog box Edit FE-Mesh Refinement.

We click the [Select] button in the dialog section Node No. to select the second node of the rib
graphically in the work window.

.

-

Edit FE-Mesh Refinement

(S

No. Node No.
1 34

FE-Mesh Refinement Applied to
@ Mode - circular
() Node - rectangular

Line - FE-length

Line - divizion

Line - gradually

Surface

Salid

Parameters

R adius:

250015 | [m]
Target FE length

010015 | [m]

0.50015 | [m]

- Inner:

- Outer:

Comment

[ ok

] [ Cancel

Figure 7.5: Defining the second node graphically by using the [Select] function

We close all dialog boxes with [OK].
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We create the mesh once again by

selecting Generate FE Mesh in

the Calculate menu.

Then, we check the refinement areas.

Figure 7.6: FE mesh with refinement areas

7.3 Calculating Model

To start the calculation,

we select Calculate All on the Calculate menu

or use the toolbar button shown on the left.

-
FE-Calculation...

m | 1 Running
. |
1T] . | RFEM - Calculation by FEM |
[ ]
>* [ 4 | Monlinear Analysiz co4
I Partial Steps.
| Load Incremental Step 1 41 Iteration 4 | Masximum Displacament [mm]
o’.' — | Processing Input Data...
m ’ ~ | Creating 30-Element Stiffness Matrices...
12.7386
1 ‘ ~ | Creating 20-Element Stiffness b atrices...
m — | Creating 10-Element Stiffness Matrices...
I l — | Creating Global Stiffness batrix... 3
— | Solving Equation System, Left Hand Side. .. Mumber of 3D Elements o =
A (4 IS — | Solving Equation Spstem, Right Hand Side... | Mumber of 20 Elements 73
l | — | Solving Set of Equations, Right Hand Side... Humber af 10 Elements 33 -
o |Determining Internal Forces. .. Mumber of Nodes B8
ﬂ - Mumber of Equations 3898
e | | S
.
I = =
B @)

.

Figure 7.7: Calculation process
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8. Results
8.1  Graphical Results

As soon as the calculation is complete, RFEM shows the deformations of the active load case.

Global Deformations u [rmim] . -
RC1 : ULS (STRIGED) - Permanent J transient - Eq. 6.10

" Panel

Global Deformations
u [mrn]

128

128
oo

Max :
Min

BEa 4

Figure 8.1: Graphical representation of deformations for result combination RC1

Selecting load cases and load combinations

We can use the toolbar buttons [4] and [»] (to the right of the load case list) to change among
the results of load cases, load combinations and result combinations. We already know those

buttons from checking the load cases. It is also possible to select a specific load case or combi-
nation in the list.

E File Edit View Insert (Calculate Results Tools Table Options Add-on Modules Window Help

DE899EEeRA v FAQFE BEE| % o -1351a I s

™

B LC1 - Seff-weight, finishes, earth pressure bg*
= v?’}";v:‘}v iﬁb R o Ih''Q'G'LCZ-Imposet:Hoat:l E
A LC3 - Snow
Glokal Deformations u [mm] LC4 - Wind in <Y

QO 1354

LC5 - Imperfection towards +Y
Loads [Kin2]

CO2-1.35°LCT + 1.5°LC2

C03-1.35°LC1 + 1.5°LC2 + 0.75°LC3

CO4-135°LCT +1.5°LC2 + 0.75°LC3 + 0.5°LC4
C05-1.35°LC1+1.5°LC2+ 0.75°LC3 + 0.9°LC4 + LCH
CO6-135°LC1 +1.5°LC2 + 0.9°LC4

CO7-1.35°LC1 + 1.5°LC2 + 0.9°LC4 + LCB
CO8-1.35°LCT + 1.5°LC4

CO9-1.35°LC1 + 1.5°LC4 + LC5

CO10-1.35°LC1 + 1.05°LC2 = 1.5°LC4

CO11-1.35°LC1 + 1.05°LC2 + 1.5°LC4 + LCB
C012-1.35°LC1 + 1.05°LC2 + 0.75°LC3 = 1.5°LC4
C013-1.35°LC1 + 1.05°LC2 + 0.75°LC3 + 1.5°LC4 + LCS
CO14-1.351C1 + 0.75°LC3 + 1.5°LC4

CO15-1.35°LCT + 0.75°LC3 + 1.5°LC4 + LCH

RC1 - ULS (STR/GEQ) - Permanent / transient - Eq. 6.10

Figure 8.2: Load case list in the toolbar
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Selecting results in the navigator

A new navigator has appeared, managing all result types for the graphical display. We can ac-
cess the Results navigator when the results display is active. We can switch the results display
on and off in the Display navigator, but we can also use the toolbar button [Show Results]
shown on the left.

Project Mavigator - Results x
=-[#] ™1 Global Deformations

2-[],Za Members

..... ®,La Principal Axes

..... (0, % Member Axes
[-[M], L Local Deformations
=-[®],La Internal Forces

..... r\;y‘ VyiVu

..... e VzfVy

..... O M1

..... @rM-: My My

..... OrM-: Mz/My
=[] Surfaces

D@ Local Deformations
Ell:‘@ Basic Internal Forces

- [B] € Principal Internal Forces
- [B] © Design Internal Forces
- [B] T Stresses

- [B] T Strains

----- (O Stiffness Reduction
[-[] 4% Support Reactions
[-[]T Distribution of load
[-[]24 Values on Surfaces

[E
[E
[E
[E

ﬁData €Display Aviews D Results

Figure 8.3: Results navigator

We can see check boxes placed in front of each result category (for example Global Deforma-

tions, Members, Surfaces, Support Reactions). When we select a box, we see the corresponding
deformation or internal force displayed in RFEM. In front of the entries listed in the categories
we see even more check boxes by which we can set the type of results to be displayed.

Finally, we can browse the single load cases and load combinations. The variety of result cate-
gories allows us to display deformations, internal forces of members and surfaces as well as
stresses or support forces.

The figure below shows the member internal forces M, and the surface internal forces m, cal-
culated for CO13. To display the forces, it is recommended to use the wire-frame model. We
can set this display option with the button shown on the left.
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Members: Intebnal Forces M-zi-v [kMm] . ) . . .
Surfaces: Basic Internal Forces m-y [kNm/m] : . 2 o .

CO13: 1 35T+ 1. 05°LC2 + 0.75°LCT + 1 5°LC4 + LES

Project Navigator - Results x 037
-] Global Deformations -
-], %2 Members
i@, La Principal Axes
A0, La Member Axes
+ Ii‘,;‘ Local Deformations
= li";é Inte:m\ Forces ) - Basic Intemal Forces
OI v ) iy (KM
Do — ‘ 10524
O Vaiiy "~ 4
O M1 -13.06.~ .
o

m

<1353 ¢
@ Mz/My .
- [] & Surfaces . i
@9 Local Deformations 1
BIEQ Basic Internal Forces ! '

( ®@® m, )
ey ||

> O& i : 42711

i O vy -

---oo nx i f Max : 105.24
O ny Min = 12711
Qe nwy

. IEO Principal Internal Forces = . .

Qlpata (B Displ.. #Views | Resu... -

BEx 4

Figure 8.4: Representation of internal forces of members and surfaces (CO13)

Display of values

The color scale in the control panel informs us about the assignment of color ranges. Moreo-
ver, we can switch on the result values for particular locations by ticking the option Values on
Surfaces in the Results navigator. To display all values of the FE mesh nodes or grid points, we
deactivate the option Extreme Values additionally.

Project Navigator - Results x

[ Global Deformations 33.82 [:15 73”:17 17”41 93L33 25L21 ’?6|L’? 06|
D,;. Members

EIEQ‘ Surfaces
36.26|44.73]|47.67 42 05)/az 76]|21. 20[|5. 48
[B]® Local Deformations I I n ”-v—“'--—u,4

=-[E]® Basic Internal Forces
L @D My |z0.60][=s. 51“50 e1fl43.01)/z3. 03|71, a5]/2. 53
oS my
OS my L
O’ Vi l
O® v |22 55][24. 41][s2. 52[[43.97][25. 52[[15.83]|3. 61
O nx =
B OO ny h

L0 ny a2 12][25_as|[4a_az||z2_70|[21_=0|[z1_s0l[s. 2
&-[B] € Principal Internal Forces
-[E]© Design Intemal Forces [34.41][35. 70][35_47][35 54][25. 05][z0.07][5. 18
[-[H] € Stresses o
- [B] S Strains
O Stiffness Reduction 5. 20][25. 27|[22. az|[25. 15][z5_ 20|[15. 57][z. 56
1-[1%" Support Reactions =
i-[]™ Distribution of load |26 10|32, a3l[20_55][25. 24 |29.17 |J.9.3’?”B.81

. 2 [T
B Ej‘ﬁ Values

®E max [a7. z8[a. 52 39.51|36.12|29i]llgjjlw

w0 Goups b Max : 128.41

-0 3 Specific [a0. 63[41. as]f40. 5 Min : 16400

Easic: Internal Forces
mx [kMm/m]

12841

o

[+ D:33 Extreme Values

E n gnd and user-defined points

(33 On FE mesh points

-] Symbols

]2 Numbering =
1124 Transparent llll

ﬂData gDisplay ﬁViews © Results \ EE

Figure 8.5: Grid point moments m, of floor slab in Z view (CO13)
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Results Tables

We can evaluate results also in the tables.

Table display

The results tables are displayed automatically as soon as the structure is calculated. Like for the
numerical input we see various tables with results. Table 4.0 Summary offers us a summary of
the calculation process, sorted by load cases and combinations.

x
CO13-1354C1 +1.08 7 | @ & | 7 | (2 |%| =
B _[C] D -
Value | Unit | Comment
Sum of loads in X -768.00 | kN
Sum of support forces in X -768.00 |kN | Deviation: 0.00 %
Sum of loads in Y 0.00 | kN
Sum of support forces in Y 0.00 (kN
Sum of loads in £ 652.10 | kN
Sum of support forces in £ 652.10 |kN | Deviation: 0.00 %
Resultant of reactions about X 0.167 | kNm | At center of gravity of model (X:6.078, Y-3.045, Z:0 587 m)
Resultant of reactions about ' -1350.130 | kNm | At center of gravity of model
Resultant of reactions about 7 -34.150 | kNm | At center of gravity of model
Maximum displ 1t in X-direction 0.7 [mm | Member No. 1, x: 2400 m
Maximum displ 1t in Y-direction 1.0 (mm | Member No. 5, x: 3.029m
Mazdmum displ 1t in Z-direction 6.1 |mm | FE Node No. 28 (x: 3.000, Y: 2.500, Z: 0.000m)
Maximum vectorial displacement 6.1 |mm | FE Node No. 28 (x: 3.000, Y: 2.500, Z: 0.000m) -
< I | ¥
Summary l MNodes - Support Forces lNodes - Deformations lLines - Support Forces lMembers - Local Deformations J I<| 4 | » | 3]

Figure 8.6: Table 4.0 Summary

To select other tables, we click their table tabs. To find specific results in the table, for example
the internal forces of the floor slab, we set table 4.14 Surfaces - Basic Internal Forces. Now, we
select the surface in the graphic (setting the Solid Transparent Display Model makes our selec-
tion easier), and we see that RFEM jumps to the surface's basic internal forces in the table. The
current grid point, that means the position of the pointer in the table row, is indicated by a
marking arrow in the graphic.

4.14 Surfaces - Basic Internal Forces x

fic]=] HE | B | coz-rzsma-10r [ < & | 72 E] <)
BE [ C [ D E [ F T @ H [ 1 J [ K [ LU -
Suface | Grd | Grd Point Coordinates [m] Moments [kNm./m] Shear Forces kM/m] Auial Forces [kN/m] D
No. | Point X Y z Mx my My Vi Vy Mz Ny My

1 1 0.000| O0.000| O0.000 -164.00 -79.00 -53.60 654.65 21445| 18250 -112:50 24.16

2 0.500| 0.000| O0.000 67.85 F.24 584| 32745 13596 | 16653 | 10374 | 6747

3 1.000| 0.000| 0.000 0.67 +1.39 13.02 14717 2057 | 9580 093 -1.66

4 1.500| 0.000| 0.000 20.95 1.85 10.39 113.81 V69| 7049 115 0.86

& 2500 0.000| O0.000 39.82 115 5.49 45.35 548| 6256 081 0.00

7 3.000| 0000 0.000 45.78 0.96 432 .97 0.7 61.85 060 -0.33

8 3500 0.000] O0.000 4717 0.18 1.45 541 214| 6158 103 0.08

] 4000 0000 0.000 41.93 0.48 1.4 -6.54 0.7 62.66 -1.16 .62

10 4500 0.000| O0.000 33.25 H.07 0.84 {16.50 1.63| 6828 0.87 0.67
1 5.000| 0000 0.000 21.76 .12 -0.07 -19.73 136 7577 -112 05| -
Surfaces - Global Defomations | Surfaces - Basic Intemal Forces | Surfaces - Principal Intemal Forces | 4] 4] v 11

Figure 8.7: Surface internal forces in table 4.14 and marker of current grid point in the model

Like the browsing function in the main toolbar we can use the buttons [«] and [»] to select the
load cases in the table. We can also use the list in the table toolbar to set a particular load case.
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Adjust the results grid
The surface results shown in the tables are listed in the grid points that are defined for the sur-
face. The results grid, like the FE mesh, has a default mesh width of 50 cm.

To refine the grid for the result values of surface 1, we double-click the floor slab in the work
window (or the relevant entry in the Data navigator). Then, in the dialog box Edit Surface, we
change settings in the Grid tab: We select 25 cm for both b and h as new distance of the grid
points.

s ™
Edit Surface ==

| General I Support / Eccentricity I FE Mesh | Releases | Integrated I Hxes | Grid |

Surface No. Grid for Result Values
1
—-I bbb I—-—
Grid Type | I
(@ Cartesian [T Customize e e e e s
() Polar -

Grid Parameters

Grid poirt court in
] (]
1. 40 [1]=5 Adapt grid distances

2. [ 22 0

M.

/| Grid distances Grid rotation
b: M| e n
\| h: [m] B: 1 Grid Origin Direction of Grid Axis 1
Coordinate [m] Coordinate [m]
Hrber® [ oonl] [§] x[ tomE}] [
V% 0.0005 V% 0.0005
z[ ook z[  oomE]]
o) (o
. J

Figure 8.8: Changing the grid for result values

When we click [OK], RFEM updates the result values in the table. A recalculation is not required
because the grid point results are determined from the values available in the FE nodes.

4.14 Surfaces - Basic Internal Forces x
EEEE EE3E€| B cok-13sna-1er | 2 > | 7| A& =
[ A (Bl c [ D E | F [ G H [ 1 T T .
Surface | Grd |Grid Point Coordinates [m] Moments [kMm./m] Shear Forces [lkMN/m] Huial Forces [kN/m] D
No. | Point X Y Z M my My Vi vy Nx ny Nxy
1 1 0.000 | 0.000| 0.000 -164.00 79.00 5360 65465 21445| 182590| -11250 2416
2 0.250| 0.000| 0.000 -115.92 4312 51.72 491.05| 17521 17471 438 45.81
3 0.500| 0.000 0.000 %7.85 724 9.84 32745| 13596| 16653| 10374 £7.47
4 0.750| 0.000 0.000 13359 432 1.59 23731 7847 13147 5233 291
5 1.000| 0.000| 0.000 0.67 -1.39 13.02 14717 | 2097 95.80 043 H.66
7 1.500| 0.000| 0.000 20.95 1.85 1039 113.81 769 70.4% -11% 0.86
8 1.750| 0.000| 0.000 26.54 178 9.56 97.15 7.8 67.55 020 0.18
9 2.000| 0000 0.000 3213 1.70 873 80.50 8.06 6461 041 H0.55
10 2250 | 0000 0.000 35.98 143 71 6492 677 63.59 06 .28
11 2500| 0000 0.000 39.82 1.15 543 4535 5.48 62.56 051 0.00
12 2750 | 0000 0.000 42.80 1.06 450 35.56 3.09 62.21 015 0.9
13 3.000| 0000 0.000 4578 0.96 432 21.77 o 61.85 00 039 -
Surfaces - Global Deformations | Surfaces - Basic Intemal Forces | Surfaces - Principal Intemal Forces | 44 v [

Figure 8.9: Result values of surface 1 with refined grid
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8.3  Filtering Results

RFEM offers us different ways and tools by which we can represent and evaluate results in
clearly-structured overviews. We can use these tools also for our example.

8.3.1 \Visibilities

We have already worked with visibilities when we entered the steel frame (see chapter 4.5.1,
page 31). Those visibility functions are also useful when evaluating the results.

Show results for concrete columns

We set the Views tab in the navigator. We select Members by Cross-Section listed under the visi-
bilities that RFEM has Generated from the entered data. In addition, we select the check box for
Circle 300 and activate the option User-defined / generated on top of the navigator.

Yigihility mode - generated
Internal Forces M-zM-v [kMm]
COM3:1.35°LC1 +1.05°LC2 + 0.FSLCT + 1.5°LC4 + LTS

Project Navigator - Views b4

IEE LD BOE

Uszer-defined views:

Panel x
Dizplay Factors 2630
Diefarmatian: P x-".
Visibilities Mermber diagrams: I."I
ry i
5 - 25 f
el < 1306 /
Uszer-defined / generated: ' | Surface diagrams: /.'I
— - -1353 = /
' e |
O Group | ,.—Ii
=B 2 Generated lull Section diagrars:
[ 23 Lines by Type = I. z
] 23 Lines with Support .
[v] & Members by Cross-5 ection Pl fees
[¥] @ 1 - Circle 300 | .
[] M 2 - Rectangle 250/400 i
[ [ 3-HE 4 300 DIN 1025-3:1934 \ o
] W 4-HE B 2501 DIN 1025-2:199E | Trajectories:
] B 5-L 60x8 - R :
T 3

o 4 '
EEEE 3 E

Add new objects inta vizibility:

mn

ﬁData é"Display ,ﬁ\u‘iews  Results @& ﬁ

Figure 8.10: Moments M; of concrete columns in scaled representation

The display shows the concrete columns including results. The remaining model is displayed
only in gray and without results.

Adjusting the scaling factor

In order to check the diagram of internal forces on the rendered model without difficulty, we
scale the data display in the control tab of the panel. We change the factor for Member diagrams

to 2 (see figure above).
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Show results for floor slab

In the same way, we can filter also surface results in the Views navigator. We clear the check
box for Members by Cross-Section and select Surfaces by Geometry where we select the check
box of the entry Plane.

Now, when we change the result type with the button [Deformation] available in the toolbar,
’n we see the following RFEM display.

Wigihility mode - generated
Global Detarmations u [min]
CO13: 135001 +1.055LC2 + 0.75*LC3 +1.95.C4 + LCS

Project Mavigator - Views x

User-defined views:

Panel

%% oW K Global Deformations

Vigibilties Q i
3 - |

=-[B] &3 Generated
-] [ Lines by Typs
[ 1073 Lines with Support
- [] ) Members by Cruss-SectiDn) A
-0 Members by Ecoentricity 3
[ 2 Members by Material
=[] 2 Members by Release
-] 23 Members by Type Max - 115
=[] 23 Modes with Support | 4 Moz 02
- ] Surfaces by Ecoentricik -
=[] &3 Surfaces by Geometry
[¥] O Plans
“- ] O Quadrangle -
HEYE ) (@
Add new objects into wisibilie: —
aData gDisplay Aviews ' Results Eé &= ﬁ =

Figure 8.11: Deformations of floor

As already described, we can change the display of result types (deformations, internal forces,
stresses etc.) in the Results navigator (see Figure 8.3, page 79).
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Show deformations of steel construction

Now, in the Views navigator, we clear the check box of Surfaces by Geometry, and then we
select Members by Material where we select the check box for Steel S 235.

3 EEE @

User-defined / generated:

=) [B] 28 User-defined -
: [ 23 Group 1

[ 23 Lines by Type

] 23 Lines with Support

[] 23 Members by Cross-Section
1 Members b ehtrici

I
= [¥] (28 Members by Material

m

t-[] 2 Members by Type
H--[] 2 Modes with Suppart
] r I

[

[

[

([ 1170 Surfaces by Eceentr ity
GJD | Surfaces by Geometry -
'{ﬂn.ﬁnau I@ @

Figure 8.12: Filtering steel members in Views navigator

The graphic shows us the steel construction's deformations displayed as lines.

It is also possible to display the deformations of cross-sections: We switch to the Display navi-
gator where we

select Results, Deformation, Members and Cross-sections Colored.

Wisikility mode - generated
Global Deformations u [tnin]
CO13: 135801 + 1 054LC2 + 0.754LC3 + 1 5404 + LTS

Project Navigator - Display X
= Eg Model -
ElE‘ Results
-] [ Result Values Panel

Title Info Gilobal Deformations
Max/Min Info u [rom]

Deformation
- Members

O Lines

OJF Cross-Sections L
® [ Cross-Sections Colored ) |
Show extremes i
Supports Si& Options @
Modal Displacements 45
Connecting Lines 35 Refer to
Qutlines of Deformed Surfa 24 @) Max/min
-1 Members 14 ) Customize. .
- Surfaces 04 () Limits:
- i L [+]:
- [B [ Type of Display Max : 116 =
- [][ Ribs - Effective Cooperation Su Min : 0.4 L) .
-.[w][F Result Beams
[l Results Within Column Area y|
- [B][f Support Reactions
—[1JFg Transparent
-[¥]E FEMesh -
4 L | 3 =
ﬂData(E‘fDlsplay ?VIEWS © Results )
]
Ela 4=

Figure 8.13: Deformations of steel cross-sections

With the panel button [Options] we can additionally activate the option Smooth color transition.

RFEM does not display any deformations of the L cross-section, for example in CO13. We have
defined this member to be a tension member. However, the deformation shows us that com-
pression forces are occurring. They result in failure of the diagonals, which means that this
member is not effective within the system.
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8.3.2 Results on Objects

Another possibility to filter results is using the filter tab of the control panel where we can
specify numbers of particular members or surfaces to display their results exclusively. In con-
trast to the visibility function, the model will be displayed completely in the graphic.

First, we deactivate the option User-defined / generated in the Views navigator.

ENENENENEIENE

Uszer-defined / generated:

=] [B]' 3 User-defined
: [ 23 Group 1
o Generated =
[ 23 Lines by Type

] 23 Lines with Support

[] 23 Members by Cross-Section

] 23 Members by Eccentricity

] 23 Members by Material -

EREIENEWEN N

Figure 8.14: Resetting the overall view in the Views navigator

&

Then, in the Results navigator, we select the axial forces N of members. We can deactivate the
results of Surfaces.

Project Navigator - Results b
-] Global Deformations
2-[v],La Members

@ L. Principal Axes

(0, % Member Axes

o-[8],La Local Deformations

EREIE interal Forces|

@ N

O VylVy

O ViV

O M1

Oy My/My

O Mz/My

-] Surfaces

[-[] 4% Support Reactions

[-[]0 Distribution of load

[-[]24 Values on Surfaces

QD.. EDi. #Avi. SR

Figure 8.15: Display settings for member axial forces N
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Special selection

To display only the axial forces of columns, we select all members in vertical position. RFEM
offers special selection options available in a dialog box. To open the dialog box,

we select Select on the Edit menu, and then we click Special,

Hﬁ or we use the toolbar button shown on the left.

We select the category Members and the option Parallel to member.

Special Selection Lé]
Category Members
N.odes - 4l
Lines
Surfaces (0 With numbers:
Openings S
) : E
Modal Supports L iee: sam
Line Supports () With material: [ 1| Concrate C30/37 | EN 19921-1:2004/4C

Crozs-Sections

Member End Feleases ) With cross-section: [1: Circle 300; Concrete C30/37

Member Eccentricities | | () With release: [None
Fibe () With eccentriciy: [None
FE Mesh Refinements | |7 with division: [None
(1 With comment: [AII ']
“) On nodes:

@

( I- ! Parallel to member; 1 )
| ) Same as member: 0 lij

© Withlength: frome | 0.000}3»

ta: 00005 x| [m]

Status S . - | - o
® hdd ) with beta:  from: noos o noo] 1
- Select from (71 With help node:

' curertt selection o
(71 With taper: All

— Remaove from
= curent selection

(] 3 ] [ Cancel ]

. 4

Figure 8.16: Selecting parallel members

Then, we use the [Select] function to click one of the column members in the work window.
After closing the dialog boxes with [OK], all members in vertical position are highlighted.
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Show axial forces of columns
In the panel, we change to the filter tab where we activate the setting Members.

We click the button [Import from Selection] and see that the numbers of all column members
have been entered into the input field above. The axial forces of the rib as well as of the hori-
zontal beams and purlin members disappear in the graphic.

-34 80

Panel

Show diagrams for
members No.:

B (€

Figure 8.17: Axial forces of members

8.3.3 Range of Values

With the color scale tab of the panel we can filter results by result values.

First, in the Results navigator, we remove the check mark of the member results. Then, we set
the basic internal forces nx of surfaces for display. In this case, the forces are axial forces acting
in direction of the local surface axis x. The axis x of the curved wall surface points downwards.

Project Navigator - Results X

-

m

a-E Principal Internal Forces =
IQlData (& Display 4 Views © Results

Figure 8.18: Setting basic internal forces ny for display
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Looking at the wall surface, we can see high compressive forces occurring near the upper arc
end nodes. In CO13 for example, they are introduced by both steel columns and across the rib.
The high values are indicating singularity effects.

To cut these result peaks for the evaluation, we switch into the color scale tab of the panel. We
double-click the color spectrum (not the values!) and open the dialog box Edit Isoband Value

]

Value Spectrum

Default
C o
Fill MaxiMin
L

Color Spectrum

[ &pply to all result
diagrams
K

and Color Spectra.

Panel X Edit Isoband Value and Color Spectra
Baszic Intemal Forces o
v [k /m] 21481 5]

21481 861912
-323.38
-861.57 42435
-1359.77 -
{53796 171,055
-2476.15 29967 5
-3014.34 =
r 428295
4090.73 556,902
-4628.92 D
16711
5705.30 CTRNE
Max © 21451 st
Min : -5706.30 A071.38 5
[ E-Format
Double-click on the colar panel
to change colors.
Feas || 2F

Figure 8.19: Changing extreme value for display and [Fillling the value spectrum

We reduce the extreme value of the compression forces as shown in the figure above, for ex-
ample for CO13 (-1200 kN/m instead of -5705.30 kN/m). Finally, we subdivide the value spec-
trum into equal ranges between top and bottom limit value by clicking the button [Fill].

After clicking [OK] the force distribution is more differentiated. Now, the zone where lifting
forces are occurring is clearly visible. Locations of singularities not covered by the color scale

are represented without color.

Panel X

Basic Intemal Forces
iy [k /]

248

Max : 21481
Min : 570530
BEa 4= -

Figure 8.20: Distribution of wall axial forces with adjusted value spectrum (adapted peaks, compression and tension zone)
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8.4

We can evaluate results also in a diagram available for lines, members, line supports and sec-
tions (see chapter 8.5). Now, we use this function to look at the result diagram of the down-
stand beam.

Display of Result Diagrams

We right-click member 3 (when we have problems we can switch off the surface results) and
select the option Result Diagrams.

A new window opens displaying the result diagrams of the rib member.

<9 Result Diagram on Member | = | & &]
Members No.: 3 A - M E CO13: 1354101 = 1.05*L ~ & B>
e B K 2, = ° [ o B | Ao
i » 0.000 1.000 2.000 al 4,000 5.000 6.000m o
Navigator : ,#..‘.l....I...‘l....l....\....\...|‘...I‘...l.‘..l.‘..l..‘.# X 34008 m] O] Foed
M3
Global Deformations - u [mm] Global Deformations u -
- ux x u
~Ouy [m] [mm]
~Ouz - 0000 03 -
~ex : : ; 0110 10
~Oev 0110 10
Oez 0.238 11
=-[H] Local Deformations 0.238 11
[ ux el
[ uyluy [7] Max/Min Only [~ Edges Only
[ uzfuy
[l lvx’ Internal Forces - My/My [kNm] IR
- oy/eu x MyMy
- ezley e [m] kNm]
=[] Internal Forces L-“\? : E - 0.000 -26.73 -
<N i —— s ™ 0110 A1z L) |=
[ VyVu NLU 3 = M pa10 4112
o 1 T 1
LIv=Ay 8 8 ——d 8 g 0.238 1888
~OMr s 28 g [18117kNm = B
z 2 ] = 0.238 1888
- [] My/My = o E [ ] -
- Mz/My [ Mae/Min Onty [ Edges Orly
el v-L
Internal Forces - V-L [kHim] nternal Forces ViL
= - x V-L
g8: & o & [m] [kN/m]
B R B = 8 g -~ 0000 37709 4
P ; ] "™ pa10 -501 61
e L T T A 0.238 -460.04
o =] o @ oe@
«o o 2 o= 0.238 -460.04
L] uq(ﬂ hd
[7] Max/Min Only [~ Edges Only
Results 4 I -
Beginning XY.Z: 7.0,6.0,00m  EndXYZ 7.0,00,00m  Order 3

Figure 8.21: Display of result diagrams of downstand beam

In the navigator, we select the check boxes for the global deformations u and the internal forces
M, and V-L. The last option represents the longitudinal shear force between surface and mem-
ber. These forces are displayed when the button [Results with Ribs Component] is set active in
the toolbar. When we click the button to turn it on and off, we can clearly see the difference
between pure member internal forces and rib internal forces with integration components
from the surfaces.

To adjust the size of the displayed result diagrams, we use the buttons [+] and [-].

The buttons [4] and [»] for load case selection are also available in the result diagram window.
But we can also use the list to set the results of a load case.

We quit the function Result Diagrams by closing the window.
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8.5  Creating Section

The evaluation is made easier by user-defined sections defined as planes slicing through the
model. The navigator manages all sections as independent objects.

To create a new section,
we select Section on the Insert menu

or we use the section shortcut menu in the Data navigator.

Project Mavigator - Data x
E™ RFEM

&-4¥ Tutorial [Examples]
H-- ) Model Data
+--|_) Load Cases and Combinatorics
£ Loads
#--| ) Results
..... =
----- ) Average

..... (3 Printout| B New Section... L\\,
- Guide O

[E
[E
[E
[E

General Data...

Units and Decimal Places...

BB Display Properties...

ﬁData @Display Aviews O Results

Figure 8.22: Shortcut menu Sections in Data navigator

The dialog box New Section opens where we enter the Section Name Center because we want
to define the section along the plate center.

Then, we define the edge points of the section graphically by using the [Select] function: We

click the midpoint of line 1 (global coordinates 0.000/3.000/0.000), and then we select arc node 5.

Mew Section &J
No. Section Name
1 Center
Section Through | Section Type i T X
@ Surface @ Yia Plane E
) Solid (1 0n line Mo.:
-
P 3 P2
Edge Points of Section -
W 00005 m] ®e: 10.00012{]| [m] 24
Y 300005 m] e 3.00015 | [m] ol e
) - ) - I - ——
Za: 00002 m Ze: 0.000/2]] [m] A k,,x ;H;ﬁ’ B
Section on Surface - Projection Direction |z [ (. T
_ _ i s
O InE @ Yector ax: 0.0005 x| [m] ;‘:\, : P ——
DinYy ay: 0.0001+] [m] 1 ﬁﬁjﬂ.’l
Olnz az: 1.0001 ]| {m] L B
Show Result Diagram in Options P
Flane: Show result diagrams in
dialog box
On surfaces No. Save section
al [ Show values on isolines
0K ] [ Cancel

Figure 8.23: Defining the section

We accept the remaining presettings and confirm the dialog box with [OK].
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The familiar Result Diagram window appears. In the navigator, we select the check boxes for
the global deformations u and the basic internal forces mx and nx. The results of the surfaces S7
and 52 caught by the section are displayed continuously on a line.

r A
<9 Result Diagram in Section =NACE X
Text -la > % - | s | cot3:1354ct - 105 T @ B
2 B QK =L [E center © 9w ik et Al
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- ux ” "
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~Huz ] -~ 0000 69
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i Basic Internal F i
D vy e (] Basic Internal Forces n-x
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o Z g 2 EE [mg 000 [kNJgn;O
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. [H] Stresses o] i 1.500 439
P
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=
- (8] oequBach [7] Max/Min Only [~ Edges Only
o). [] Strains
}EI EMises Basic Internal Forces - mx [kNmim
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i% E.r:\-tr"-E § m] fcNm/m]
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8 gyt 2.500 3441
! o
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Results 4 I -
Location x: 6.000 m | inning X.¥,Z: 0,000, 3,000, 0.000 m End XY, Z: 10.000, 3.000, 0.000 m | Vector X,Y,Z: 0.000, 0,000, 1.000 m | i

Figure 8.24: Section display in Result Diagram window

We [Close] the Result Diagram window. Now, we see the section as well displayed in the RFEM
work window where we set the basic internal forces m.

We switch off the surface results to display only the diagrams of the section (see Figure 8.26).

With the filled display option for sections available in the Display navigator we can highlight
the moment diagram in the model.

Project Mavigator - Display X
- [¥]i Model =
-1 Loads
[-[#][F Results
[~ [C]E8 FE Mesh

[—]E‘ﬁ Sections =
[#]#= Descriptions
[]#= Draw in Foreground

[P Result Diagrams Filled

== All Values

(- [V]¢& Average Regions

[-[B] 5 Guide Objects

- Bl General -

4 11 |
QY Data gDisplay)ﬁViews D Results

Figure 8.25: Display options for sections in Display navigator
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Figure 8.26: Showing the section in the model
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9. Documentation

9.1  Creating Printout Report

It is not recommended to sent the complex results output of an FE calculation directly to the
printer. Therefore, RFEM generates a print preview first, which is called "printout report" con-
taining input and results data. We use thid report to determine the data that we want to in-
clude in the printout. Moreover, we can add graphics, descriptions or scans.

To open the printout report,

we select Open Printout Report on the File menu

or we use the button shown on the left. A dialog box appears where we can specify a Template
as sample for the new printout report.

P
New Printout Report [&J

Description

Input data and reduced results

Printout Report Template

[T - Input data and reduced results v] =

|

Figure 9.1: Dialog box New Printout Report

We accept template 1 - Input data and reduced results and generate the print preview with [OK].

@, Printout report - PR1: Input data and reduced results® | = [ B
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|_J Load Cases and Combinatorics
-] Loads
©-_¥ Results - Load Cases, Load Combinatil Smstemen Aoy Swoen =
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Figure 9.2: Print preview in printout report
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9.2  Adjusting the Printout Report

The printout report has a navigator, too, listing the selected chapters. By clicking a navigator
entry we can see its contents displayed in the window to the right.

The preset contents can be specified in detail. To adjust the output of internal forces, we right-
click chapter Results - Result Combinations. Then we click Selection in the shortcut menu.

Printout Report Navigator x
=4 Printout Report

E Contents

=28 RFEM

----- [ Model Base Data

----- [ FE Mesh Settings

=28 Model

----- [ 11 Nodes

----- [ 1.2 Lines

- [ 1.3 Materials

=[5 1.4 Surfaces

: -[3] 1.4.2 Surfaces - Integrated Objects

----- [ 1.6 Openings

----- [ 1.7 Nodal Supports

----- [ 1.8 Line Supports

----- [ 113 Cross-Sections

----- [ 114 Member End Releases

----- [ 115/1 Member Eccentricities - Absolute

----- [ 115/2 Member Eccentricities - Relative

----- [ 117 Members

----- [ 118 Ribs

----- [ 1.23 FE Mesh Refinements

[#-_J Load Cases and Combinatorics

- Loads

(=¥ Results - Load Cases, Load Combinations

----- [ 4.0 Results - Summary

----- [ 41 Modes - Support Forces

----- [ 4.3 Lines - Support Forces

----- [ 44 Members - Local Deformations

----- [ 4.5 Members - Global Deformations

----- [ 4.8 Members - Coefficients for Buckling

----- [ 49 Member Slendernesses

----- [ 411 Cross-Sections - Internal Forces

(=¥ Results - Result Combinations

----- [ 41 Modes - Support Forces

----- [ 4.3 Lines - Support Forces

----- [ 44 Members - Local Deformations

----- [ 4.5 Members - Global Deformations

----- =] 4.6 Members - Internal Forces

----- [ 4.9 Member Remove from Printout Report
""" [ 411 Cross-3 Start with New Page

Selection...

N

Properties...

Figure 9.3: Shortcut menu Members - Internal Forces

A dialog box appears, offering detailed selection options for RC results of members (see figure
below).
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Figure 9.4: Reducing output of internal forces by means of Printout Report Selection

We place the pointer in table cell 4.6 Members - Internal Forces (see figure above). The button
[...] becomes active which opens the dialog box Details - Internal Forces by Member. Now, we
reduce the output to the Extreme values of the member internal forces N, V., My and M..

After confirming the dialog boxes, RFEM adjusts the output of internal forces accordingly.

@, Printout report - PRI Input data and reduced results® = | B S|
File View Edit Settings Insert Help
Rk e v LS E- VR DEED LHA
| -
4.6 MEMBERS - INTERNAL FORCES
Member Node | Location Forces [kN] Moments [kNm]
No. RC No. x [m] N Vy v, M M, M,
1 RC1 Max N 4.000 Max N -111.56 3.04 -2.24 0.00 -9.38 1275 | CO1
13 0.000 Min N -173.05 6.24 -3.39 0.00 0.00 000 | CO2
Max Vv, 4.000 Max V, -124.83 -256 -1.61 0.00 6.79 842 | CO15
13 0.000 Min v, -162.84 5.00 -3.89 0.00 0.00 000 | CO2
13 0.000 Max M, -121.09 327 -2.41 0.00 0.00 000 | cO1
Min M, 4.000 Min M, -153.33 453 -3.52 0.00 -15.04 -19.35 | CO2
13 0.000 Max M, -121.09 327 2.4 0.00 0.00 000 | CO1
Min M 4.000 Min M -163.73 491 -3.28 0.00 -14.09 -19.35 | CO3
2 RC1 Max N 4000 Max N -105.51 -11.61 -1.95 -0.00 -8.15 2111 | CO9
14 0.000 Min N -166.72 -8.52 -3.13 0.00 0.00 000 | CO3
Max v, 4.000 Max V, -115.98 -11.57 -1.75 -0.00 -7.36 21.01 | CO14
14 0.000 Min v, -155.68 -4.91 -3.35 0.00 0.00 000 | CO7
14 0.000 Max M, -116.05 -360 -2.06 0.00 0.00 000 | cOt
Min M, 4.000 Min M, -14617 -9.96 -3.04 -0.00 -12.96 2559 | CO7
Max M, 4000 Max M, -144.04 -12.77 -2.53 -0.00 -10.77 26.30 | CO13
14 0.000 Min M. -116.05 -3.60 -2.06 0.00 0.00 0.00 | CO1
3 RC1 Max N 3.000 Max N 226.45 6.04 .20 -163 203.00 225 | COa
3 0.000 Min N -60.90 8266 168.56 464 -24.80 20.01 | CO5
Max v, 0.110 Max V, -15.74 76.91 222.30 =371 -37.82 9595 | CO3
Min V. 5890 Min v, -2372 -50.53 -214.33 41.52 -26.83 785 | CO3
Max My, 3.000 Max My, 226.45 6.04 520 -163 203.00 225 | CO5
Min M, 0110 Min M, -1318 7726 20292 -33.23 -41.12 406 | CO13
3 0.000 Max M, -60.90 62.66 166.56 464 -24.80 20.01 | CO3
Min M, 0.566 Min M_ 16.26 4331 167 46 -28.21 39.19 -6.56 | CO7
4 RC1 Max N 3.000 Max N -2593 -4.03 -19.21 0.00 -25.80 0.00 | CO1
1 0.000 Min N -4054 113 -31.11 0.08 45.39 227 | cO12
Max vV, 3.000 Max v, -26.59 0.02 -16.70 -0.09 -26.60 -0.55 | CO8
1 0.000 Min v, -4035 211 -31.33 0.09 49 61 982 | co4a ||
1 0.000 Max M,, -40.35 211 -31.33 0.00 49.61 -0.82 | CO4
Min My 3.000 Min My -36.75 -3.42 -27.61 -0.07 -36.92 -0.34 | COa
1 0.000 Max M, -40.36 264 -27.12 0.04 34.596 287 | CO13
1 0.000 Min Mz -29.79 £.06 -24.90 0.08 47.30 -18.31 | CO2 -
« i >
Pages: 120 Page: 103

Figure 9.5: Extreme values of member internal forces N, V., My and M. in printout report
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In the same way, we can adjust all remaining chapters for the printout.

To change the position of a chapter within the printout report, we move it to the new position
by using the drag-and-drop function. When we want to delete a chapter, we use the shortcut
menu (see Figure 9.3) or the [Del] key on the keyboard.

9.3 Inserting Graphics in Printout Report
Generally, graphics illustrating the documentation are included in the printout.

Printing deformation graphics

We close the printout report with the [X] button. The program asks us Do you want to save the
printout report? We confirm this query and return to the work window of RFEM.

In the work window, we set the Deformations of RC1 - Ultimate limit state. Furthermore, we
deactivate the Sections in the Results navigator.

RFEM provides two results for each result combination, the maximum and minimum extreme
values. Both values are displayed at the same time in the graphic. For our printed graphic we
reset the display to show only the Max-values.
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Figure 9.6: Showing the maximum deformation results of RC1

Now, we transfer this graphical representation to the printout report.
We select Print Graphic on the File menu

or we use the toolbar button shown on the left.

The dialog box Graphic Printout appears (see figure below).
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Graphic Printout @

General | Options | Color Spectrum | Factors |

Graphic Picture Window To Print Graphic Size

() Directly to a printer... =) (@ Cument only () As screen view

@ To a printout report: FR1 =~ Mare ... L

() Ta the Clipboard () Mass print ) Toscale 1 00 -
Graphic Picture Size Options

Use whole page width Show results for selected xdocation in

) result diagram
(") Use whole page height

© Height: 4912 [ of page] [ Lock graphic picture {without update)

Show printout report on [OK]
Rotation: 0 0

Header of Graphic Picture
Deformations u, RC1: ULS (STR/GEQ) - Pemmanent /transient - Eq. 6.10, lsometric

[ ok ][ cance |

L A

Figure 9.7: Dialog box Graphic Printout
We set the print parameters as shown in Figure 9.7. We do not need to modify the default set-
tings of the dialog tabs Options and Color Spectrum.

We click [OK] to print the deformation graphic into the printout report. The graphic appears at
the end of chapter Results - Load Cases, Load Combinations.

&, Printout report - PRI: Input data and reduced results*
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Figure 9.8: Deformation graphic in printout report
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Finally, we want to document the distribution of internal forces available in a steel purlin.
We close the printout report again by using the button [X].

Back in the RFEM work window, we right-click member 77 (purlin on high eaves). The mem-
ber's shortcut menu opens (see page 90) where we select the option Result Diagrams to access

the result diagram.
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Figure 9.9: Shear force and moment diagram of purlin

The window shows the result diagrams of RC71. For our printout we select only the check boxes
of the internal forces V: and My. The result diagram shows us the Max and Min Values.

With the [Print] button we open the dialog box Graphic Printout. We can keep the default set-
tings of the tab General. In the Options tab, we change some settings.

Graphic Printout

=

General | Options | Factars

Script Symbols.
() Propartional @) Proportional
(@) Constant () Constant
Factor: 1k Factor: 1k
Print Quality
() Standard {max 1000 x 1000 Pixels)
@) M=zximal {maze 5000 x 5000 Picels)
(1 User-defined
1000 =

Frame

() Framed

[ Title bax...

Color
() Grayscals

() Texts and lines in black

Figure 9.10: Dialog box Graphic Printout, tab Options

We transfer the graphic to the printout report with [OK].
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Figure 9.11: Diagrams of internal forces for purlin in printout report

Changing the language in the printout report

The language in the printout report can be selected independently of the language that is set
for the RFEM user interface. Thus, we are able to create for example a German printout report
in the English version. To activate the function,

we select Language on the Settings menu of the printout report.

rLanguages &11

Existing Languages
English -

French

ltalian
Spanish
Russian
Czech
Polish
Hungarian
Slovak
Portuguese
Dutch —

[ ok ][ cancel |

. A

m

Figure 9.12: Switching languages in printout report

In the dialog box Languages, we set German (or another language) as the new language. We
can check the corresponding modifications in the print preview when we click [OK].

User-defined entries such as load case descriptions or comments won't be translated.
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Printing the printout report

. When the printout report is completely prepared, we can send it to the printer by using the
A? [Print] button.

The PDF print device integrated in RFEM makes it possible to put out report data as a PDF file.
To activate this function,

we select Export to PDF on the File menu.

In the Windows dialog box Save As, we enter file name and storage location.

By clicking the [Save] button we create a PDF file with bookmarks facilitating the navigation in

the digital document.
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Figure 9.13: German printout report as PDF file with bookmarks
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10. Outlook

Now, we have reached the end of our example. We hope that this tutorial helps you to get
started with RFEM and makes you curious to discover more of the program functions. You find
the detail program description in the RFEM manual available as download on our website at
www.dlubal.com/downloading-manuals.aspx.

With the Help menu or the [F1] key it is possible to open the program's online help system
where you can search for particular terms like in the manual. The help system is based on the
RFEM manual.

Finally, if you have any questions, you are welcome to use our free fax and e-mail hotline or to
have a look at the FAQ page at www.dlubal.com.

g Note: This example can be carried out with the demo versions of the add-on modules, for ex-

ample for steel and reinforced concrete design (RF-STEEL Members, RF-CONCRETE Surfaces/
Members, RF-STABILITY etc.). To comply with the programs' demo restrictions, we suggest to
replace objects: For example in RF-STEEL EC3, you can replace the beam by a cross-section
IPE 300. In this way, you will be able to perform the design, getting an insight into the func-
tionality of the add-on modules. Then, you can evaluate the design results in the RFEM work
window.
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