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&

Introduction 0

In this tutorial, we would like to familiarize you with various features of RFEM. Like in any other
software, there are several ways to reach your goal in RFEM. Depending on the situation and your
personal preferences, it may be useful to approach something from a different angle. This tutorial is
intended to encourage you to explore RFEM's features.

If you are a beginner, you should work on the simpler introductory example. It is available for
download on our website at:
https://www.dlubal.com/en-US/downloads-and-information/examples-and-tutorials/introductory-
examples-and-tutorials @

The example shows a mixed construction with concrete and steel components. The examined load
cases consist of self-weight, imposed load, snow, wind, and imperfection according to the first and
second order analysis.

This tutorial's data can be entered, calculated, and evaluated with the demo version's restrictions - a
maximum of two surfaces and twelve members. Please keep therefore in mind that the model meets the
demands of realistic construction projects only to a limited degree. Rather, the features presented in the
tutorial are meant to show you how to define model and load objects in various ways.

Since superimposing actions according to EN 1990 involves considerable effort, we will use the
integrated load combination generator.

The 90-day trial version allows unrestricted work on the model. The demo version, however, does not
allow you to save model data. Therefore, we recommend taking enough time to complete the tutorial
(approx. two to three hours) so that you may calmly try out the features. You may also work on the
model in the demo version intermittently, so long as RFEM is not closed.

Using two screens for the PDF and RFEM allows you to more easily enter the tutorial's data.

In the text, described buttons are given in square brackets, for example [Apply]. They are also
depicted on the left. Terms in the dialog boxes, tables, and menus are marked in italics. Required input
is written in bold.

You may look up the program's features in the RFEM manual, which can be found on our website at
https://www.dlubal.com/en-US/downloads-and-information/documents/manuals @ .

www.dlubal.com
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2 System and Load il

2.1 System Sketch

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

m Static system

The reinforced concrete structure consists of a floor slab with a downstand beam, a semicircular shell,
and two round columns. This section of the support structure is partially underground.

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

As mentioned before, this model depicts a more "theoretical" construction, managable with the demo
version's maximum of two surfaces and twelve members.

22 Materials, Thicknesses, and Cross-
Sections

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

=
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2.3

Wall and floor thickness are uniformly 20 cm. Both concrete columns have a 30 cm diameter. The
downstand beam has a width of 25 cm and a height of 40 cm.

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

Load

Load case 1: self-weight and finishes

The self-weight of the model with its floor structure of 1.5 kN/m? is applied as loading. It is not
necessary to determine the self-weight manually. RFEM will automatically calculate the weight based
on the materials, surface thicknesses, and cross-sections.

In addition, earth pressure acts on the semicircular wall. The load ordinate at the bottom of the wall is
determined as follows for a gravel backfill: g = 16.0 kN/m® - 4.0 m = 64 kN/m?2.

The roof load (roofing, sub- and supporting structure) is assumed to be 1.2 kN/m?2.

Load case 2: imposed load
The floor surface is a category C1 assembly room bearing an imposed load of 3.0 kN/m?.

In addition, a vertically acting linear load of 5.0 kN/m affects the area around the opening. It
represents loading due to a stair access.

Load case 3: snhow

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

Load case 4: wind

In our example the wind load is only analyzed in Y-direction (inflow direction from low to high eave). It
is applied according to EN 1991-1-4 for monopitch roofs and enclosed vertical walls. For the building,
we apply wind zone 1 and terrain category lll. Since the roof inclination is higher than 5°, positive
and negative external pressure coefficients have to be taken into account. In this load case we will
assume these coefficients to be positive.

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

Load case 5: imperfection

Imperfections must be considered according to, for example, Eurocode 3. Inclinations and precambers
are managed in a separate load case. This allows us to assign specific partial safety factors when
combining the load with other actions.

As with the wind load, we will analyze the imperfections only in Y-direction in the example.

According to EN 1993-1-1, Table 6.2, we must assume the buckling curve b (displacement in direction
of y-axis) for the column cross-sections (HE-A 300). The inclinations ®o and precambers wo are
determined according to EN 1993-1-1, section 5.3.2.

The imperfections for both reinforced concrete columns are applied according to EN 1992-1-1, section
5.2

www.dlubal.com
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3.1

3.2

Creating the Model o

Starting RFEM

We run RFEM using the task bar

Start — All Programs — Dlubal — Dlubal RFEM 5.xx
or by double-licking the Dlubal RFEM 5.xx icon on our desktop.

Creating the Model

The RFEM work window opens showing us the dialog box below. We are prompted to define the
general data of a new model.

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

MNew Model - General Data *

General Options  History

Model Name Description
| Tutorial | | concrete and steel construction |
Project Name Description
| ] Examples j | Sample structures |

Folder: 3 g
| C:\Wsers'Public\Documents\Dlubal\Projects\Examples |

Type of Model Classification of Load Cases and Combinations

®3D According to Standard: Mational annex:

|BEN 1950 v||BCEN

O 20 -x¥ (Wzfoxiov) ~|[®
O 2 -xz (uxfuzfoy)

O -xy (uxfuv/oz)

Create combinations automatically
(®) Load combinations

(O) Result combinations (for linear analysis only)

Positive Orientation of Global Z-Axis Template

(O Upward... % [ open template model:

(® Downward Test :J
Comment

| V||
?| = @ B Cancel

New Model - General Data dialog box

We enter Tutorial into the Model Name box and concrete and steel construction as the
Description. The model name always has to be entered, since it is also the file name. However, a
description does not have to be given.

For the Project Name box, we select Examples from the list if it is not already preset. The project
Description and the corresponding Folder are displayed automatically.

In the Type of Model dialog section, the 3D option is the default setting. This enables spatial modeling.
We also keep the Positive Orientation of Global Z-Axis on the default setting Downward.

www.dlubal.com
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BN 1990 v The Classification of Load Cases and Combinations section requires some specifications: We select
éigg: ;'ig 05 (Wood) EN 1990 from the According to Standard ist. We do not change the CEN setting in the National

- N oo
= ACI 318-14 Annex box. These specifications are important when we combine actions with partial safety factors and
== [BC 2015

ol CANCSA 516,154 combination coefficients conforming to standards.

1+ NBC 2015

We select the checkbox Create combinations automatically. We also want to superimpose the actions
B EN 1990 +EN 1995 (Timber)

Rl EN 1990 +EN 1991-2; Road Bridges in Load combinations.
Bl EN 1990 +EN 1991-3; Cranes
.gETNl?SEJIEE 1597 Now the model's general data is defined. We close the dialog box with the [OK] button.
9] DIN 1055-100 + DIN 1052 (Wood)
9] DIN 1055-100 + DIN 18008 (Glass) : o d
I OO 1050 o) oo The empty RFEM work window is displayed.
/¥ DIN 18800
= NBR 8681
= 15 800
3 514 250
3 SIA 260 +SIA 265 (Wood)
215 BS 5950
@l GB 50009-2012
= CTE DB-SE

Mone
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4.1

KRy

Model Data o0

Adjusting the Work Window and Grid

View

First, we maximize the work window using the button on the title bar. We see the coordinate axes with
the global directions X, Y and Z displayed in the workspace.

To change the axes' position, we click the [Move, Zoom, Rotate] button in the toolbar above. The
pointer turns into a hand. While holding down the left mouse button, we can now drag the work space
anywhere.

We can also use the hand to rotate or zoom the view:

= Rotate: We keep the [Ctrl] key pressed down and drag with the pointer
= Zoom: We keep the [Shift] key pressed down and drag with the pointer

There are several ways to exit this feature:

= By clicking the button once more
= By pressing the [Esc] key

= By rightclicking into the workspace

Mouse functions

The mouse functions match the general standards of Windows programs: To select an object for further
editing, simply click it with the left mouse button. Double-click the object when you want to open its
dialog box for editing.

When you click an object with the right mouse button, its shortcut menu appears, providing
objectrelated commands and functions.

To change the displayed model's size, rotate the wheel. To move the model, keep the wheel button
pressed down. If you keep the [Ctrl] key pressed at the same time, you can rotate the model. Rotating
the model is also possible by moving the mouse while pressing the wheel button and the right mouse
button at the same time. The pointer's form indicates the selected function.

Grid

The grid forms the work space's background. In the Work Plane and Grid/Snap dialog box, we can
adjust the spacing of grid points. To open this dialog box, use the [Settings of Work Plane] button.

| www.dlubal.com
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SNAP féﬂi[}

||

Work Plane and Grid/Snap

Work Plane

Coordinate system:

[ 01Global X1z [

®xr =y
Ovz 0
Oxz iz

Grid/5nap  Object Snap  Guidelines

Distance: IE: [px]

Show Type
Grid (® Cartesian
Snap O Polar

=)

Origin of Work Plane

Node No.: t; =
Coordinates X 0.000 5| [m]
Y: 0.000 5| [m]
Z: 0.000 5| [m]

Background Layers  Line Grids

Number of Grid Points
[] Dynamically according to size of madel

] ]
Direction 1: IE o W

2: IE' IE'

Grid Point Spacing

| Space b: 1.000 [+ [m]

o
o 5 §

Grid Line Spacing

Number n|:|EC
nz:IEC

Work Plane and Grid/Snap dialog box

For entering data in grid points at a later point, it is important that the control fields SNAP and GRID on
the status bar are activated. This makes the grid visible in the work space, and the points will be

snapped to the grid when clicking.

Work plane

The XY plane is set as the default work plane. With this setting all graphically entered objects are
generated in the horizontal plane. The plane has no significance for data input in dialog boxes or

tables.

The default settings are suitable for our example. We close the dialog box with the [OK] button and

start the model input.

[ 1o |
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FVO FEN QS FF I

LR VY IO FY

4

Rectangle...

Rectangle via Cer[%ar...

Filleted Rectangle...

Chamfered Rectangle...

Parallelogram...
Triangle...

L-Shape...

Circle...
Semicircle...
Circular Segment...
Quartercircle...

Circular Sector...

Annulus...
Semiannulus...
Quarterannulus...

Annular Sector...

Ellipse...

Polygon...

4.2

List of plane surfaces

Creating Surfaces

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

4.2.1 Floor

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

4.2.1.1 Defining a Rectangular Surface

Rectangular slabs are frequently used structural components. To quickly create them, use

Insert — Model Data — Surfaces — Plane — Graphically — Rectangle

or the corresponding list of plane surfaces. Clicking [*] next to the button opens a menu offering a
large selection of surface geometries.

The Rectangle options allows you to directly define the slab. Related nodes and lines will be created
automatically.

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

MNew Rectangular Surface *
Surface No. Surface Type
Geometry: [l Plane
e Stiffness: |. Standard v ||
|3 1| conarete c30/37 | EN 1992-1-1:2004/A 12014 || (oo
L3 |E
Thickness
(®) Constant @1
Thickness d: [mm] -
(O Variable... = 1
i 4
b \\\\
7 \\\\\“\\\t\“
7\
Z Ay
//////;////; .\\\\\\“ 'b.
Comment
| V][
D] |im| & Cancel

New Rectangular Surface dialog box

The new rectangular plate's Surface No. is specified as 1. We do not change this number.

The default Material is Concrete C30/37 according to EN 1992-1-1. If we want to use a different
material, it can be selected using @],

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

The Stiffness in the Surface Type section is suitably preset to Standard.

www.dlubal.com
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We close the dialog box with the [OK] button and start the graphical input of the slab.

(12| We can more easily define the surface by using the button shown on the left to set the view in Z-
direction ("top view"). The input mode will not be affected.

To define the first corner, we click the coordinate origin (coordinates 0.000/0.000/0.000). The
current coordinates are displayed next to the reticle pointer.

We define the opposite corner by clicking the grid point with the X/Y/Z coordinates
7.000/6.000/0.000.

Rectangular surface 1
RFEM creates four nodes, four lines, and one surface.

As we do not want to create any more slabs, we quit the input mode either by pressing the [Esc] key or
by right-clicking in a free area of the work window.

Dlubal

12 |
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Showing the numbering

To quickly display the numbering of nodes, lines, and surfaces, rightclick in a free area of the work
window. This will result in the appearance of a shortcut menu with useful features. We select Show

Numbering.

View

User-Defined View

Show Numbering L\,

Show Dimensions
Show Comments

Show Hidden Objects in Background
Display Model Wired or Solid

Lock Guidelines

Lock Line Grids
Enable Drag & Drop

Auto Connect Lines/Members

Coordinate System...

v
v
3
v
G
@) | Auto Rotate Model
&
E
i

#8 | Work Plane, Grid/Snap, ...
ﬂ Select Special...

Colors in Graphics According to

RI:I Display Properties...

Repeat - View in Z-Direction Enter

Show Numbering on the shortcut menu

To manage the numbering of objects in detail, use the Display tab in the navigator.

Project Mavigator - Display

- [w] 5 Model

i1 Loads

]|:| Results

o-[/]EH FE Mesh
]@ﬂ Sections
]E‘é Average Regions
- [B] 5 Guide Objects
]Ii‘& General
R i)

----- [VIIE@ Nodes

[E
[E
[E
[E
[E
[E
[E
[E

(- [V]I Surfaces

..... I Solids

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

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

- [#]IE Members

..... [V Sets of Members
..... [¥]I@ Nodal Constraints
- [_|IE FE Mesh
..... [¥]E@ Guidelines
[-[E& Colorsin Graphics According to
- [E] W Rendering
[
[

]Ii‘% Preselection
i-[0] & Add-on Modul

E?Display _ﬁ\c’iews

Display navigator for numbering
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|43~

4.2.1.2

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

Creating an Arc

We click the arrow E] next to the list of lines in the toolbar to open the menu that provicles tools for
special line types. We select Arc via Three Nodes.

|

U Paolyline...

Arcvia Three Nodes...

3.2

i,

Arcvia Center Node, Edge Node %d Angle..,

»;

Yy

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

Arcvia Tangent Lines and Radius...

Circle via Three Nodes...

Circle via Center and Radius...

Ellipse...
Elliptical Arc...
Farabola...

Hyperbola...

Spline...
MURBS...
Trajectory...

HCEP AEG0 RO

* | On Surface...

5 | Cut via Two Lines..,

B | Cut via Section...

List of 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
S ——
b
Mew Arc X
Node No Line No Member No
[ sl
Coordinates Input Mode
X 7.000 = | [m] (@) Node [ point
T 6.000 = | [m] () Member [ line
= 0.000 = |[m]
] rerena: IS
F (O current C5 -
(®)Grid origin
(OLast node Length and direction
v Perpendicularly to line
Rl [A &
o®@ +Perpend
O|[c. nJ L Length
= . o =
S sEE | EmEsm
Ostep
) e
S AREYRE:]

Defining a circular arc via three points

We quit the input mode using the [Esc] button.

[ e |
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4.2.1.3 Adjusting the Floor Surface

Edit Surface

Select Lines

Selected:

Due to the demo version's restriction to just two surfaces, we cannot define the semicircular surface as a
new surface. Therefore, we extend the rectangular surface to a general plane surface that encloses the

arc area.

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

Edit Surface *
General  Support / Eccentricity FE Mesh Hinges Integrated Axes  Grid Modify Stiffness
Surface No. Surface Type
|1 Geometry: |. Plane V|
Boundary Lines No. Stiffness: |. Standard V| i)
- =
| 1245 - Q|2 Surface thickness "Constant’
Boundary Nodes No.
[12231435
Material N
| 1] Concrete C20/25 | EN 1992-1-12004/A1:2014  ~| / S
",
i k.
Lo W
%y
Thickness /// 7 77
(® Constant @1 -
Thickness d: 2000 ~ 5+ [mm] 5~
() Variable... =
Comment
| V)@
?| & [E] [®] & Cancel

Modifying boundary lines

There are two input options:

= We can enter the numbers of the new border lines 1, 2, 4, and 5 manually into the Boundary Lines

No. box.

= The new boundary lines may also be selected graphically in the work window using . This

[1245

requires us to [Clear] the preset list in the Edit Surface dialog box.

At this point the floor surface should look as in the figure below.

Clear

OK

Cancel

Floor slab

4

www.dlubal.com
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4.2.2 Wall

Copying the arc

The easiest way to create a curved surface is by copying the circular arc and specifying particular

settings for the Ccopy process.

We click arc line 5 once to select it. The line is now displayed in a different color. Yellow is the default

selection color for black backgrounds.

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

Move or Copy - Copy

Number

Mumber of copies
n: 15
Reference to Coordinate System

(®) Global XY ZC5
Userdefined LLV.W CS

Dizsplacement Vector

dy: [m] G
dy: [m]

dz: [m]

2| & = ][]

Numbering Increment for

1 Continuous
Members: 1 Continuous
1

1

Continuous

Continuous

Ar|[an][ar|ar]lan

Continuous

*

Cancel

Move or Copy dialog box

We increase the Number of copies to 1: This way the arc won't be moved but copied. Since the wall is
4 m high (system line), we enter the value 4.0 m as the Displacement Vector in dz.

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

| e |
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Detail Settings for Move/Rotate/Mirror

Connecting

Lines between nodes

[[]Create new lines between the selected nodes
and their copies

Members between nodes

Create new members between the selected
nodes and their copies

Template member Mao.:

None 1;

Surfaces between lines

Create new surfaces between the selected lines
and their copies

Template surface MNo.:
1 | Standard | 200 | 1-Concrete C30/37 [~ T
None

1 Standard 200 1-Concrete C30/37
Eate New solid bodies between the selected

surfaces and their copies

Template solid No.:

None 1;

r Copied Surfaces

To copy

‘When rotating create between selected nodes and
their copies:

(O Straight lines

Local Coordinate Systems

Adjust local coordinate system when rotating or
mirroring for

Lines
Members

Load Cases
[ Copy including loading

[] Adjust nodal loads when rotating or
miraring

Connecling Objects (Lines,
Members, Surfaces, Solids)

® Arc lines

Duplicity Auto Connect

[] Allow double members [ Connect lines/members f they contact

2 Cancel

Detail Settings for Move/Rotate/Mirror dialog box

In the Connecting section, we select the following check box:

Create new surfaces between the selected lines and their copies

We select surface 1 from the list as the Template surface. This sets the floor slab's properties (material,
thickness) as default for the new wall surface.

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

www.dlubal.com



= RFEM 5 -Tutorial

Switching to isometric view

We use the toolbar button on the left to switch to [Isometric View] to display the model in 3D.

£9 RFEM 5.12.00 %64 - [Tutorial*]

Project Navigator - Data

F® File Edit View |nset Calculate Resufts Jools Table Options Add-onModules Window Help

NSIIIEBRI N FVQFFEE B <> @V 2>« @

- a

X

-2X
BEEER WO AXE B
Y

Tutorial* [Dlubal Examples]
I3 Model Data
- B Nodes

2 Lines

[8) Materials

~

3 Surfaces
@ 1:Plang; 1.2,54; 1; 2000 mm
¥ 2 Quadrangle; 768,5; T; 200.0 mm

T8 Solids
) Openings
- (3 Nodal Supports
[ Line Supports
) Surface Supports
2] Line Hinges
&) Variable Thicknesses
() Orthotropic Surfaces and Membranes
[ Cross-Sections
[ Member Hinges
-2 Member Eccentricities
(2 Member Divisions
2 Members
(2 Ribs
(3 Member Elastic Foundations
(1) Member Nonlinearities
~[# Sets of Members
- 3 Intersections of Surfaces
) FE Mesh Refinements
23 Nodal Releases
2] Line Release Types
(2 Line Releases
8 Surface Release Types
8 Surface Relesses
-2 Connection of Two Members
w2 Joints
) Nodal Constraints
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Boundary Lines No

1]
Material
No.
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Thickness Eccenticty
ezfom] | NodesNo. | LinesNo. |Openings !

Type d [mm]

[ 1
itegrated Cbjects

1254

(]

Constant 2000

00 3

7685

a

Constant 2000

0.0

v

>

Nodes | Lines | Materials|| Surfaces [|Salids [Openings [Nodal Supparts [Line Supports | Sufface Supports | Line Hinges | Cross-Sections | Member Hinges |

IRDD

<
B Data | (& Display 4 Views

X 7287m  Y: 15.184m  Z: 0.000m

Vokpens I G [ oo oanes [ |

LIy Model in isometric view with navigator and table entries

CS: Global XYZ  Plane: X'

Checking data in the navigator and tables

You can find all entered objects in the Data navigator's directory tree and in the table's tabs. You can
open entries in the navigator by clicking the [+] sign (like in the Windows Explorer). To switch tables,
click the individual tabs.

Both surfaces' input data can be found in numerical form in the navigator entry Surfaces and in Table
1.4 Surfaces (see Figure 4.12 @ ). RFEM created the wall as a quadrangle surface, which is a shell that
is bounded by four lines.
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|z

- @EF- -t B
Rectangle

Rectangle via Center

Filleted Rectangle

Chamfered Rectangle

Farallelogram
Triangle

L-5hape

Circle

Semicircle
Circular Segment
Quartercircle

Circular Sector

Semiannulus

Quarterannulus

Annular Sector

Ellipse

Polygon

Select Boundary Lines

Select Boundary Lines via Window

List of openings

4.2.3 Opening

4.2.3.1 Creating an Opening

We now insert a rectangular opening into the floor slab. It is easier to input our data when we change

back to [View in Z-direction].

The opening can be applied directly, without a need to define lines first. We choose the Rectangle

entry from the list of openings.

We set the first opening node to grid point 3.000/1.000/0.000. We set the second node to grid

point 5.000/2.000/0.000.

The opening is too short that way. We have to adjust its length in the next step.

Defining the rectangular opening

We close the input mode with the [Esc] button or with a right-click info the empty work window.
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#8| show Grid

Multiply 2x Space
“, Divide 2 Space

s

[GRID cARTES [osNAP [GLINES

# Edit...

4.2.3.2

Adjusting the Opening

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

We open the Edit Node dialog box by double-clicking one of these nodes.

Edit Mode
Node Coordinates  Support  FE Mesh
Node No. Node Type
11,12 Standard ~ |5
Coordinates Coordinate System 'Cartesian’
Reference
node No.: ':‘
Coordinate
system: Cartesian w
Coordinate X: 5.500 /| [m]
Coordinate Y- l:l [m]
Coordinate Z: 0.0002]+] m) 0P xY2)
z
Comment
| V][
2| & & Cancel

*

Edit Nodes dialog box

Both nodes are listed in the Node No. box. We correct the Coordinate X to 5.500 m and confirm with
[OK]. Now the opening has the correct length.

Alternative: We could have set the opening without changing the coordinates by adjusting the grid. To
do so, we would have had to reduce Grid Point Spacing to 50 cm in the Work Plane and Grid/Snap
dialog box (see Figure 4.1 @ ). To change the grid spacing even quicker, use the [GRID] button's
shortcut menu by rightclicking it (see figure to the left).

This completes the input of the surfaces.
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4.3

W pEe s 2%y
® - [worranerz ]!

#H
.;‘&‘; Single Member...
i‘i Continuous I\dember:['%

3

S select Lines...
P

iy

Creating Concrete Members

4.3.1 Columns

Member elements are tied to lines, which means a line is generated automatically when creating a
member.

Changing the work plane

We want to define the columns graphically, so we need to shift the work plane from the horizontal to
the vertical plane. To set [Work Plane YZ], we click the second of the three plane buttons.

For further input we go back to the [Isometric View]. Now we can see that the input grid is spanned in
the plane of the two columns (see Figure 4.18 @).

Defining a cross-section

We click [New Single Member] to open the New Member dialog box.

MNew Member *
General Options Effective Lengths ~ Modify Stiffness
Member No. Member Type
W oean gl
Node No. Member Rotation
A—X
End
Member Rotation via Y T ;
Z B
CLES I .
®PCYE)
. Hel i
(O Help node Inside S 55 = pTa:Z :Y
: \ L
Begin
xy
%z \ Here
ﬂ YTz B=0
Cross-Section
Member start: |Createanew cross-section! ~ (e = O
Member end: |As member start Ml Si=l=0] i
Member Hinge
Member start: |N0ne V| | =
Member end: |N0ne V| | =
D] @ & Cancel

New Member dialog box

It is not necessary to change the default settings. We only have to create a Cross-Section. To define the
cross-section at the Member start, we click (&3] . The cross-section library opens.
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Cross-Section Library

Rolled

T[]
[o][e][e]le]
(]2 ][~][]

Buil-up

[ [x] [=][=]
(xllz][F][z]
(][] [x ][]

Parametric - Thin-Walled

(T[] ][o]
Lo][v][m][w]
oo ][ ][m]
=EEE]
=1EIEIE]
[z][e][w][o]

Parametric - Timber

(nje]le|[m]
w0
Tw|mi[n
EAENENE ]
CICNENEY
e ][z][v]
(v}

*

Standardized - Timber

LNENC]

][]

Cirdle

From Cross-Section Program

(=[]

@ [

Gy Cross-section library

We select the cross-section type Circle in the Parametric - Massive dialog section. This opens another

dialog box.

Solid Cross-5ections - Circle

Cross-Section Type

LHLAFYES
'z [e][o][m
LAICYEYED
(e[ ][r]
(][ ][w][=]
[v|+][o][=z]
i m ][z

(2]

Favorites Group

VE‘

Parameters

D: o]

[t

Material

|I 1 - Concrete C30/37 | EN 1992-1-1:2004/41:2014 ~ |

] & =]

Circle 300

B

@] @]

OK.

| | cancel |

M Solid Cross-Sections - Circle dialog box

We specify the column diameter D as 300 mm.

For massive cross-sections, RFEM normally defaults to Concrete 30/37 as the Material.

To check the cross-section's properties, use the [Info] button.

E
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We click [OK] to accept the cross-section's values and return to the initial New Member dialog box
(see Figure 4.15 @ ). The Member start box now shows the new cross-section. We close the dialog box

with [OK] to graphically set the columns.

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

We set the top end of the column at node 2.

-
New Member (Single Ling) o
Node Mo. Line MNo. Member No.
(o  [=W |2 |
Coordinates Input Mode
X . coc} E [m] (®) Node / point ;
¥ 0,000 (= [m] (C)Member [ line
z: 4.000 |+ [m] Distance
:
{ Reference: : L
(O current €5 %
(®) Grid origin
- (D Last node D Length and direction
X: 0,000 ——————— . [ EHm
¥: 0000 m
Z-72.000 m :
¥ Py dicularly to ber
& e
' ©l@] E——
| & Lengt
Em
[step \s
AL Z‘[m] /
2]

G H Y Defining the footing of the second column

The input command Define member is still active. Hence, we can continue with the definition of the rear

column.

We place the footing of the second column at the grid point 0.000/0.000/4.000 and the top in

node 1.

To quit the input mode, use the [Esc] key or right-click.
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4.3.2 Rib

In the next step, we define the downstand beam below the floor.

Modifying line properties

We double-lick line 3 to open the Edit Line dialog box. We go to the Member tab and select the

Available option (see Figure 4.19 @).

The New Member dialog box opens again.

Line MNew Member *
General Member  Support General Options Effective Lengths ~ Modify Stiffness
Line MNo. Member No. Line MNo. Member Type
[3 3 || [3 || % | [ Beam ||
Member Node No. Member Rotation
34 X
* 4 End
Y o o
B <
M Beam Member Rotation via . i
*P(XY1)
CLE I Hep e
in plane x-y
(O Help node Inside 5 i Begin
As member start -
oy R ;'i’%
%z i)
Cross-Section
Member start: | v| [ ] HE a
Member end: |As member start V| La=E e
Member Hinge
Member start: |None V| | =
Member end: |None V| | =
2| & @ D] @ & Cancel

New Member dialog box

This time we use to define a cross-section at the Member start.

In the upper part of the New Cross-Section dialog box, we select the massive REC cross-section table

(see Figure 4.20®).

This opens the Solid Cross-Sections - Rectangle dialog box, where we define the width b as 250 mm

and the height h as 400 mm.

| 2a |
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| No. Color Cross-Section Description [mm] o % E ‘3} |L_ -L-L-— LREcllgt iy E
a0 @ | = o 2 e i e T 5
HES | |HES | | RB | |wiio | |weo | |REC | |cR | | sm »
Solid Cross-Sections - Rectangle *
Cross-Section Type Parameters
(m][r][a][E] = [ZoERm 5
he 2000 2+ [mm) |‘——|
T | @ ©| O i
¥ || | X||T /
™ W | W /
v | v | 0| X
I
z
imifm | x

al % A

Material

|E| 1 - Concrete C30/37 | EN 1992-1-1:2004/41:2014 v |
&
e =
Favorites Group
=il Rectangle 250/400 B &
| o S| [ Cancel

Solid Cross-Sections - Rectangle dialog box

We click [OK] to accept the cross-section's values into the New Cross-Section dialog box. We specify
the material as Concrete 30/37 again.

By clicking [OK], we return to the New Member dialog box from earlier. Now the Member start box
shows the rectangular cross-section.

Defining a rib

In RFEM we can model a downstand beam as a rib member. To do so, we change the Member Type
in the New Member dialog box: We select Rib from the list.
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MNew Member *
General Options Effective Lengths ~ Modify Stiffness
Member No. Line MNo. Member Type
3 | 3 |5 mee RS
I Beam bl
Node No. |:| Rigid
34
. Truss {only M)
I Tension
Member Rotation via . Compression
ome 5 [ omED B o
[ cable
(O Help node Mo | Inside ol [ Cable on Pulleys
3 [ [ Resutt Beam...
In plane: ey . Definable Stiffness...
¥z e . Coupling Rigid-Rigid
|:| Coupling Rigid-Hinge
Cross-Section |:| Coupling Hinge-Hinge
Member start: [ 2 | Rectangle 250/400 | Concrete C30. = g"L_"’"”g Hinge-Rigid = e
pring
Member end: |ﬂs member start W nul = O
Member Hinge
Member start: |None V| B |
Member end: |None V| ymll==]
D] |oa] |d Cancel
M Changing the member type
With a click on we open the New Rib dialog box.
MNew Member *

General Options Effective Lengths  Modify Stiffness

MNew Rib

Member No.
[3 [3

Position and Alignment

(® On +z-side of surface
(0 On z-side of surface
O Centric

(O User-defined via member
eccentricity

Integration Width - Side 1

Connecting surface Mo.:

2

Integration Width - Side 2

Connecting surface Mo.:

Align local z-axis parallel to local z-axis of surface

Comment

Autodetect v| [ [Autodetect v | [
Widthb1: COLfs Widthba: COLjs

(C]¥: @B

o[ +|m O *'|m
Rib Alignment

D| =] |

[Eil

T

g | @
e

Cancel

G PR Defining the rib

We define the Position and Alignment of the Rib to be On +z-side of surface. This is the bottom of

the floor slab.

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

2 |
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®-

¢ | Wireframe Display Model

| @] soiia Display Mol

@ Solid Transparent Display Model

1 ¢

¢ | Wireframe Display Model
@&  solid Display Model
|@ Solid Transparent Display Model |

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

Changing the display model

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

In the Display navigator, we select the Surface rendering option Filled incl. thickness.

Project Navigator - Display x
- [B]#Z Sections A
- E& Average Regions
-[B] 5 Guide Objects
= [H &Y General
Ea Grid
: [¥l&Y Coordinste Info on Cursor
[l Axis System
[w]ddhy Show Hidden Objects in Background
Da Center of gravity
- [Z]E@ Mumbering
-[E]& Colorsin Graphics According to
=[5 Rendering
&-[E% Model
O Wireframe Model
2@ Solid Model
-] Transparent
] Textures
- [B] 4 Members
= [E]p Surfaces
O Empty
- O Filled

") Filled incl. thickness with edges
[Ep Solids
[B]p Supports
[E]'p Loads
[B]p Lighting
| - [M]&Z Preselection v
ﬁData gnwsplay _ﬁ\news

L REY Displayed as solid model

To adjust the display, use the [Move, Zoom, Rotate] button (see Mouse functions @ in chapter 4.1).
The pointer turns into a hand. The model can be rotated by pressing down the [Cirl] key and dragging
the pointer.

For further input we change the Display Model back to Solid Transparent. We also change the
rendering for surfaces in the Display navigator back to Filled to hide thicknesses.
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4.4

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 column's bottom nodes by drawing a window across the area that includes nodes 13
and 14. Afterwards we click the [New Nodal Support] toolbar button to open the New Nodal Support
dialog box.

File Edit View Insert Calculate Results Tools Table Options Add-on Modules Window Help
BIFEEBR 82 FRAQFTIEEI Rl Clccprexe@m FELPRLL VOAXEBE !
~V%")'\@a-}.-$\f’&wf‘-‘”:\fa-hvt#vﬁ'ﬁi‘-l?.}-"! BuBY- BEIAS FAER-B- ®- 7= Lo@¢=53 18

New Nodal Support |

-

2 13

G LY Selecting column nodes by drawing a window

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

We modify the support type since the default support type 1 results in restraint around the longitudinal
member axis. For that we click (see Figure 4.25@).
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MNew Modal Support

Node No.

[13.14

Type of Support

[ &= | OO0 | Hnged

MNew Modal Support

Support No. On Nodes No.
E E= [
Support Axis System
(® Global X,Y,Z
(O User-defined axis system:
Rotated ~ || =

Elastic Support via

| CJcolumnin z... =

)=

Support Conditions

Support Spring constant Monlinearity

e Cux : l:l [krdimn] Nane ~ ||
uy Cu : l:l [krdimn] Nane ~ ||
uz: Coz:[ 3]tk None V=
Restraint

O ox: Cox: [khm/frad] None ~ ||
O ov: Cgy: 0.000 jlﬂ [khm/frad] None ~ | =
[ 0.000 ﬂﬂ [kNm/frad] Mone ~ ||
[&][2] [2] [«]

Comment

| gl

e & [

[ETE=

m Defining degrees of freedom

In the second New Nodal Support dialog box, we clear the Restraint for rotation ¢z

We confirm the dialog boxes with [OK] and can see support symbols displayed on the model.
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4.4.2 Line Supports

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

We open the New Line Support dialog box by clicking the [New Line Support] button.

The Hinged option is the default Type of support. The first three selected check boxes indicate that a
support is available in the directions X, Y, and Z. The final three boxes are not selected because the
hinged support type has no restraint around X, Y, and Z.

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

MNew Line Support *

Type of Support

[Global | @ | OO0 | Hinged M= ‘

YIT*X
£
J— =" ] -
__...---." e | e N
- v F -
z

-

@] ok [ cance |
New Line Support dialog box

RFEM displays a support symbol next to the 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 place the support at the
curved line 6.

This completes the input of the model's reinforced concrete construction.

-

L P Ay Reinforced concrete structure with supports
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45 Creating Steel Members

4.5.1 Frame

To input the steel construction, we first have to define the frame that lies in the plane of the two
columns. For that we create a partial view of the plane: The so-called Visibility feature allows us to
work in a specific zone of the model without being distracted by objects that lie in a different plane.

Creating custom visibilities

To create visibilities, we use the Views tab in the navigator. A number of visibilities is already available.
RFEM generated them based on input data.

@ To graphically extract a specific area from the model, use the [Visibility by Window] button: We
activate the feature and use the mouse to draw a window from left to right that completely
encompasses both column members.

When you draw the window from left to right, the visibility only includes objects that are completely
¢ contained within the window. When you draw the window from right to left, the partial view
additionally includes objects that intersect with the window.

The rest of the model (floor, wall) is now displayed in a lower color intensity. These objects cannot be

edited.
Project Navigator - Views 4
R E| 2 |2 e = =L
User-defined views:
e
et

\ V

®| @ L |
- || Visibilties.
= EE ) ==
. D

=-[8]{38 user-defined A

[1 23 Lines by Type

|:| | Lines with Support

[1 23 Members by Cross-Section

[1 23 Members by Material

] £ Members by Type

1 23 Modes with Support

] 23 surfaces by Eccentricity

([0 Surfaces by Geometry v

EEEE N REEE

Add new objects into visibility:

5Data [Ef Display | A4 Views

Creating a visibility by window
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ko

Work Plane Origin
Select Point

Mode No. 2

Cancel

Changing the work plane's origin

Plane YZ is still set as the work plane, which is suitable for defining the frame of the monopitch roof.
The work plane's origin suits our purpose as well. However, to demonstrate how to adjust the work
plane, we will modify the position of the work plane's origin.

We click the [Set Origin] toolbar button. In the work window, we select node 2 to be the new origin of
the work plane - the head of the front column. The grid's crosshair changes its position.

T

A~

New origin in node 2
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4

Single Member...

MR NBNX

Continuous Members...

Inserted Member...

Select Lines...

Set of Members...

s

4.5.1.1 Defining Members Continuously

We want to create the monopitch roof frame as a polygonal chain. We click the [New Member]
button and select Continuous Members.

The New Member dialog box opens and we check to see if the Member Type Beam is selected.

As shown in Figure 4.19 @, we create a cross-section for the Member start using . In the New

Cross-Section dialog box, we click the [HE-A] button on the right. If HE-A is not one of the buttons, click
the [Import Cross-Section from Library] button and select I-Sections. Then, in the Rolled Cross-Sections -
I-sections dialog box, we select the cross-section HE A 300 among the HE A cross-sections. For rolled
cross-sections, RFEM usually defaults to number 2 - Steel S 235.

|| Genersl Options _ Effectve Lengths  Modify Sifiness

No Color Cross-Section Description [mr] O[T e [T (] &
i @] | olls Tl [m i |
Rolled Cross-Sections - I-Sections X
Cross-Section Type To Select To Select HE A 300 | DIN 1025-3:1984
C [ ™= Manufacturer/Stand... | | Cross-Section
Tuc Arbed HE A 100
] o) 0 L TP 9] DIN 1025-1:1995 HE A 120
IPe 9 DIN 1025-5:1934 HE A 140
T2 ||w |2 THEB /9] DIN 1025-2:1995 HE A 160
THeM 9 DIN 1025-4:1934 HE A 200
THEC 9] DIN 1025-4:1994 HE A 220
_ THE =I5 British Steel HE A 240
2|1 we ZI3 British Steel HE A 260 s
= I PR 513 British Steel HE A 280 & *y
I 513 British Steel
Manufacturer/Standard group: T ue =I5 British Steel HE A 320
Al ~|| [T uee =12 British Steel HE A 340
THp BS 4-1 HE A 360
Manufacturer/Standard:
IH ®| JIS G 3192 HE A 400
Al Ml | ® 115G 3192 HE A 450 -
Cross-section shape: IH Arbed HE 4 500 =
I == GOST 8239-89 HE A 550
A MIRD = GOST 3239-72 HE A 600
Cross-section note: It - GOST 1342574 HE A 650
Al Ir - GOST 25020-83 HE A 700 o
Ir - TU 14-2-24-72 HE A 800 [i] [«
Iwrs - GOST, 1994 HE A 900
Tirs - GOST, 1994 HE A 1000 atoril
Tr« == GOST, 1994 [ B2 - steel 5 235 | BN 10025-2:2004-11 ]
[Oindude invalid. .. | [Inx Bl BT 112532010 k=l
[ — Tw Wl GB/T 11263-2010
5 I1 Bl GB/T 706-2008
9= | 1w B Y8 330105 v HE A 300 | DIN 1025-3:1994 |
@] om| (32 B & Cancel

Selecting HE A 300 in the library

We confirm all dialog boxes with [OK].

In the work window, we define the three frame members in one go by clicking the following nodes and

grid points:

Node 1

= Grid point 0.000/-6.000/-3.000 (grid origin has been modified)

Node 2

Grid point 0.000/0.000/-3.000 (roof inclination will be adjusted later)

www.dlubal.com



RFEM 5 - Tutorial

M2

4..:..”1

Figure 4.31 Defining members continuously

MNew Member (Single Ling) e
Node No. Line No. Member No.
L] [ s][%] | [_s]
Coordinates Input Mode
K 0.000 5 [m] (® Node / point
¥ 0.000 = [m] (O Member [ line
7 -3.000 = [m] Distance
o [ B
Reference:
OCurrentCS %
(®) Grid origin
(O Last node Length and direction
o —
= Perpendicularly to member
O [BA]
O @ +Perpend
O C \J 'L_. Length
T E] = L= 3| m] [
[step |
AL = | [m]
D = (D

Once 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 floor nodes 1 and 2. Though this kind of restraint
can hardly be built in reality, we forgo a modeling of hinge properties in our example and accept the

simplification.

3|
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4.5.1.2 Chamfering Horizontal Beams

The monopitch roof has an inclination of 8°. Therefore, we have to adjust the horizontal beam.

We draw a selection window across member 5 that also comprises both end nodes. Then we select

the menu option

Edit — Chamfer

to open the 3D Chamfer dialog box.

M4

3D Chamfer *

Slope

4 Angle

8
-14.05 5| [%]

Reference to Coordinate System

(® Global X,Y,Z C5

j | =

= Chamfer

(® About axis: | x ~ In direction: |Z -

(O Perpendicular to starting plane defined by
three points

Starting Plane

1st point Znd poink 3rd poink
X: 0.000 5] T | m
Y 0,000 3+ =0 S0l ml
z: | -z.o000 2] | ] BRI
@ a-'. a-'. 3;‘
)} 00 oK Cancel

Adijusting the horizontal beam's inclination

We want to modify the beam's inclination by —8° About axis X. We have to enter a negative value

because the objects will be rotated counterclockwise about the X-axis. The chamfering is applied

vertical In direction Z. We define the rotation axis' 1st point using . We select node 15 with the

coordinates 0.000/0.000/-3.000 and click [OK] to confirm the input.
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4.5.1.3

Connecting Beams with Hinges

The horizontal beam cannot transfer any bending moments into the columns because of its connection

type.

Defining hinges

We use the Data navigator to define the type of hinge: We right-click Member Hinges and select New
Member Hinge in the shortcut menu.

Project Navigator - Data

¥ RFEM
|-4#) Tutorial* [Dlubal Examples]
=8 Model Data

w Hew Member Hinge
~ Member Hinge No.

|20 Modes Reference System
a r\j‘nes. ‘ (®) Local member axes x,y,z
- &) Materials
B Surfaces (O clobal %,7,2
2 Solids (O User-defined axis system:
-[E) Openings Rotated =
-L&) Nodal Supports
|5 Line Supports
-4 Surface Supports
~-[2) Line Hinges
(&) Variable Thicknesses
|%) Orthotropic Surfaces and Membrz Hinge Conditions
-# Cross-Sections Hinge Spring constant
SIS ] Member Hinges [ s G l:l
@ =
@ O, o[ R
F2  New Member Hinge...
@ s mp e[ =]
2 | Goto Table
= Hinge
-8 g
| mE o[ 2]
- 1 oy Coy : 0.000 ]| fenimfrad]
3 = -
= General Data =y Coe : 0.000 ]| mjrad]
= %% | Units and Decimal Places...
o T EEE EEE E
(20| %= | Display Properties... L= 2
| ) TINE REl€ases Comment
g S e s v | -
< >
Data | [ Display 4 Views =
= [E pisplay 4 D =

=

x
x i
Y
-
B
“-.ﬁ_i'“ v -
> i)
way
Z
v
Z
u, ¥
Nonlinearity
None =
None =
None =
None =
None ~ | =
None ~ | =
o

Opening the New Member Hinge dialog box using the Data navigator

In the New Member Hinge dialog box, we have to select the displacements or rotations that are
released at the member end. In our case they are the rotations ¢, and @, which means no bending
moments can be transferred at the node.

Without changing anything, we close the dialog box by clicking [OK].

Assigning hinges

We could double-click the member to open the Edit Member dialog box and assign the hinges.
However, we use a special feature available in the following menu:

Insert — Model Data — Member Hinge — Assign to Members Graphically

This opens the Assign Member Hinges to Members Graphically dialog box. In the list we select type 1,

which we have just defined

, and click [OK].

Member Hinge

Assign Member Hinges to Members Graphically

|. 1 |L0ca| | aag | O«

Cancel

Assign Member Hinges to Members Graphically dialog box
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In the work window we can see that RFEM has applied a one-third division to the members. By clicking
the end of a member, we can graphically define the hinge at that member end. We click member 5 in
its middle area to assign the hinge to both sides (see Figure 4.35 @ ).

Muttiple Selection
Select Side of Member

Member No. &

Selected

B |

oo |

m Assigning a hinge graphically
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4.5.1.4 Reversing Member Orientation

For the graphical display of imperfections, it may be suvitable if the member orientation of columns is
directed from bottom to top. For that reason, we change the orientation of the right steel column, using
a feature from the member shortcut menu.

We move the pointer near member 6, which displays the orientation arrow on the member. We
rightclick the member and open its shortcut menu. We select Reverse Member Orientation.

M2

Gy Member shorteut menu

M1

Edit Line...

Edit Member..,

Delete Line

Delete Member

Divide Member 3

Create Node "On Ling' 3

Connect Members...
Extend Member..,.

Set Parallel Member...

3 Extrude Member into Surface..

Extrude Member into Grid...

Generate Surfaces from Member

Reverse Member Orientation

s

Create Set of Members...

Center of Gravity and Info...

Move/Copy...
Rotate..

Mirror...

Local Axis Systems of Lines on/off
Local Axis Systems of Members on/off
Member Crientation on/off

Display Properties...

Visibility by Selected Objects
Visibility by Hiding Selected Objects

www.dlubal.com



RFEM 5 - Tutorial

& - : I'T| work Plane xz

4.5.1.5 Copying a Frame

The second frame of the monopitch roof can be quickly created as a copy.

We draw a selection window across the frame that encompasses members 4 to 6. Please take care not
to include any of the concrete columns! If necessary, rotate the model for a more favorable view or
click the members one after the other while ho|c|ing down the [Cirl] key.

Before we create the copy, we set the work plane to [Work Plane XZ] so we can copy the structure
from the frame.

We press the [Ctrl] key. Now we grab our selection near the foot point of the higher column (node 2)
and drag it to the end of the arc at the upper wall. The [+] symbol next to the pointer indicates that the
obijects are being copied.

As soon as the grid point coordinates 7.000/6.000/0.000 are displayed in the status bar, we
release the mouse button.

. : —

Mz

- M1

1
13

.{

Copying the frame using drag-and-drop

Nodes and lines are automatically merged with already defined objects.
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#-|

f‘; Single Member...
i‘i Continuous I\dember:['%

% Select Lines...
i

iy

4.5.2 Purlins

4.5.2.1 Defining Members Individually

To define both purlins, we use the [New Member] button in the toolbar. We select Single Member and
open the New Member dialog box.

Using , we define a cross-section for the Member start once more (see Figure 4.19 @).

In the New Cross-Section dialog box, we click the [HE-B] button at the top or select I-Sections from the
library. In the Rolled Cross-Sections - I-Sections dialog box, we select the HE B 260 cross-section from
among the HE B cross-sections. Number 2 - Steel S 235 is the default material again.

X
No Color Cross-Section Description [mm] @ % 5 "\!;_ L -L-L- RED % ﬁ
"
1 @] | BNTEE T1[E ol |
Rolled Cross-Sections - I-Sections X
Cross-Section Type To Select To Select HE B 260 | DIN 1025-2:1985
Clr [ ™= Manufacturer/Stand... | | Cross-Section 3
In Arbed HE B 100
] o) 0 L Ire Arbed HEB 120 2600
THE Arbed HEB 140
1 L3 r - THD Arbed HEB 160
I Arbed HEB 180
THp Arbed HEB 200
Tw Arbed HEB 220
_ I wM Arbed HEB 240
2| |Tuc 5
e TP 99 DIN 1025-1:1995 HEB 280 2 o
IPE 19 DIN 1025-5:1934 HE B 300
Manufacturer/Standard group: HEB 320
Al ~| | THEA [ DIN 1025-3:1994 HEB 340
THeM 9 DIN 1025-4:1934 HE B 360
Manufacturer/Standard:
THeC 9 DIN 1025-4:1994 HE B 400
Al MIRENT= SI% British Steel HEE 450
Cross-section shape: T 1rE British Steel HE B 500 z
I PR British Steel HEB 550
A MRS ¢ British Steel HEB 500
Cross-section note: Ius British Steel HE B 650
Al Tuee SIS British Steel HEB 700 o
IH 25 BS 41 HE B 800 o &
T ®| 1S G 3192 HE B 900
I ®) JISG 3192 HEEB 1000 atoril
TH Arbed [ B2 - steel 5 235 | BN 10025-2:2004-11 ]
[ indude invalid. .. M| (It = GOST 8233-8% [E=IE
[CFavarites group: I = GOST 823372
- — I: == GOST 13425-74
B |1 . GOST 2602083 ¥ HE B 260 | DIN 1025-2:1935 |
D) im| 32 SN Cancel

Selecting HE B 260 in the library

We confirm all dialog boxes with [OK].
We define the purlin at the lower eave by clicking nodes 15 and 19 one after the other.

Afterwards we click nodes 16 and 20 to create the second purlin.
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X': 7.000 m
¥': 0000 m
2021 -3-843m

LBl Defining purlin members

To quit the input mode, use the [Esc] key or right-click.

New Member (Single Line)

X
Node No. Ling No. Member No. ‘
Coordinates Input Mode
X 7.000 % | [m] (®) Node { paint
e 0.000 = |[m] (O Member | line
7' -3.843 = |[m] Distance

. m

Reference:
O current €5 %
(®) Grid origin
(O Last nods [[JLength and direction

Bl — [

Perpendicularly to member

+Perpend
Length
L3 oo [l
[lstep

AL Z|[rn]

2R E
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4.5.2.2 Connecting Members Eccentrically

We want to connect the purlins eccentrically to the frame columns. This shortens the system line by half
of the cross-section height of the HE A 300 columns.

Defining eccentricity

We double<lick the purlin at the high eave (member 11). In the Edit Member dialog box, we go to the
Options tab. Now we click in the Member Eccentricity section to open the New Member
Eccentricity dialog box.

General Options  Effective Lengths  Modify Stiffness

Member No.

Member Eccentricity

|N0ne VEP

MNew Member Eccentricity *

Member Eccentricity No. Absolute Offset

' Lo

-
- - x e
. ¥ By
Absolute Offset Relative Offset I et =
z
Reference system Cross-section alignment & S it
O Local x,v,z o000 B [
(®) Global X,Y,Z O ® O
00O

Member starti

' ] Transverse offset from cross-
BY [mm] section of other object
) . Axial Offset
8z [mm] Object: No.
@ 5

v |la (O surface

M

Member end j Axis offset
o o] 000
wm 00O
o |0®O

Member hinge location at end node

Axial offset from adjoining

(if the hinge is set) members at:

[IMember start Member start Comment

[IMember end Member end ~ | -]
2| [ @ Cancel

New Member dialog box, Options tab, New Member Eccentricity dialog box

We select Transverse offset from cross-section of other object. In our case, the Object is the column:
Using we select Member 6 graphically.

We define the Axis offset in the direction of the positive cross-section axis z.

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

After confirming all dialog boxes, we can check the result in magnified view (for example zooming by
rotating the wheel, moving by holding down the wheel button, rotating by pressing down the wheel
button and right mouse button at the same time).

[ a2
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Figure 4.41 Eccentric connection of purlin in zoomed view

Applying eccentricity to another member
To transfer the eccentricity to the second purlin, we use the input tables.

We browse to Table 1.17 Members, which lists the member data of all previously defined members
numerically. When we click row 10, we can see that the second purlin is highlighted in the work
window in the selection color.

1.17 Members b4
e T : _ =
EEEEE E2I3FE e SEE E & F{= e Ha E A%
A B c [ D E | F G [ H J K L 1] TP
Member| Line Cross-Section No Member Rotation Hinge No. Eccentr. | Division Taper Length Weight
No No: Member Type End Type B[ Start End No No Shape L [m] W [ka]
1 13 1 | Angle 0| 0 [1] 0 0 4.000 70686 Z
2 14 1 | Angle [ [1] 0 0 4.000 70688 Z
3 3 2 [Ange 00| 0 [1] 0 6.000 1500.00 Y
4 15 3 [Ange 000 0 [1] 0 0 3.000 266.11[ Z
5 16 3 [Ange 000[ 1 1 0 0 6.059 53746 YZ
3 17 3 [Ange 000 0 [1] 0 0 3843 4092[ Z
7 13 3 [Ange [T [1] 0 0 3.000 266.11] Z
3 20 3 [Ange 0.00[ 1 1 0 0 6.059 537.46 [ YZ
El 3 [Ange [T 0 —0—L 0 3.843 34092] Z
4 |Ange [T o [[1 -] 6.700 62062 X
4 [Ange [T [1] T 0 6.700 62062 X
v
< >
T 1
Openings | Nodal Supports | Line Supports | Surface Supports | Line Hinges | Cross-Sections | Member Hinges | Member Eccentricities | Member Divisions || Members [|Ribs W a[r[n

Murmber of eccentricity defined in Table 1.15 (FT7 to select).

G2 Assigning eccentricity in Table 1.17 Members

We place the pointer in column | and enter 1, which is the number of the eccentricity we just defined.
Alternatively, we can select it from the list.

After leaving the table cell using either the [Tab] or [ ] key, the changes are displayed in the graphic.

It would be possible to define another eccentricity for the horizontal beams in the same way. As these
members are connected to the column webs, however, we neglect these additional moments in our
example.
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| %
f; Single Member...
i'} Continuous I\-1ember:['%

% Select Lines...
i

iy

4.5.3 Diagonal

The final member that we insert is a diagonal for stiffening, only capable of transferring tensile forces.
Generally, bracings are defined crosswise, but the demo version's calculation only allows for twelve

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 the Member

Using the [Single Member] button, we open the New Member dialog box again. We select Tension

as the Member Type.

We define a new cross-section for the Member start, which we import from the database using

(see Figure 4.19@).

In the New Cross-Section dialog box, we click the [L] button, and in the subsequent Rolled
Cross-Sections - Angles dialog box, we select the EN standard cross-section L 80x80x8. The default

material is number 2 - Steel S 235 again.

General Options Effective Lengths  Modify Stiffness

Member No Wember Type

[ Tension ~| =

Color Cross-Section Description [mm]

No. o F]Ek { SIE (X [&] ] &
L]0 @] | | = ) e [ (S (] [
Rolled Cross-Sections - Angles X
Cross-Section Type To Select To Select L 80x80x8 | EN 10056-1:1998
I [ T Table Manufacturer/Stand... * | | Cross-Section ~
LL 5 AISC 14 L 20x20x3
Oollo 0 i | |Lw =5 AISC 14 L 25%25x3
LL - L 25x25%4
1 i2|lw || Lw - L 30x30x3
LL Arbed L 30x30x4
Lw Arbed L 35x35%%
L onocs
_ | |Lw Bl EN 10056-1:1998 L 40x40x5
2 s ¥ DIN 1022:1953 L 45%45545
= LL 45 British Steel L 50x50x4
Lw ZIZ British Steel L 50x50x5
Manufacturer/Standard group: LL i GOST 850993 | 50x50%6
Al L = GOST 8510-85 L 60X60x5
LL . GOST 8509-72 L 60506
Manufacturer/Standard:
Lw == GOST 8510-72 L 60x60x8
Al hd RIS == GNORM M 3246 | 65557
Cross-section shape: Lw == GNORMM 3247 L 70%70x6
LL 45 BSEN 10056-2: 199 L 70x70%7
Al e ay ¥ Tata Steel - Advanc L 757546
Cross-section note: L uka (L) @¥ Tata Steel - Advanc L 75x75x8
Al LL ArcelorMittal 8
Lw ArcelorMittal L 80x80x10 a
LL 1 150 R 657/1 1968 § L 50x90x7
LL 7] 15O R 657/1 1968 | 90x80%3 JIE
Lw B9 150 R 6571 1968 | 90x90x8 [ M2 - Steel s 235 | EN 10025-2:2004-11 ]
[incude invaiid... = Lw 1 150 R 657/1 1968 § L 50%30x10 o= =
[ a— Lt 1] CAN/CSA 51601 L 100x100x3
] i#0 CAN/CSA-516-01 L 100x100x10
=i [ = GOST 15771-93.Ta | 100 1012 v | | L 80xBOxE | EN 10056-1:1998 |
D | x| |42 =] Cancel

Defining tension member with cross-section L 80x80x8

We confirm all dialog boxes with [OK] and click nodes 15 and 2 one after the other to define the

diagonal (see Figure 4.44 @).

To quit the input mode, use the [Esc] key or right-click.

www.dlubal.com




n Model Data = RFEM 5 -Tutorial

MNew Member (Single Lineg)

Node No. Line No. Member No.
|
Coordinates Input Mode
K 0.000 = |[m] (® Node / point
¥ 0.000 = |[m] (O Member [ line
7 0.000 % |[m] Distance
> .
Reference:
D 0000 m | OCurrentCS %o

¥': 0.000 n (®) Grid origin
5 Z'=0_000
o - (O Last node [JLength and direction

s [m]
Perpendicularly to member
1 _ g . . . @I @ —
T - ’ . ] |§| Length )
. M . L= ]
| | [Cstep

AL Z|[m]
) @]

L0 Defining the diagonal
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4.5.3.2

Rotating a Member

A tension member adds to the stiffness only via its cross-sectional area. Thus, from a structural point of
view, the member's rotation is irrelevant. For the rendered view, however, we want to rotate the angle

section.

We double-lick member 12 to open the Edit Member dialog box where we define a member rotation

of —90°.

Edit Member

General Options Effective Lengths ~ Modify Stiffness

Member Rotation via

Oroe 1 i

(O Help node Mo | Inside =

- S S

In plane: ey

Xz

Cross-Section

Member start: ([ 5 | L 80xB0x8 | Steel 5 235

m |0 & # [0

Member end:

- 1 5 |

Member No. Line MNo. Member Type

= g
Node No. L 80x80x8

[152 |‘

Member Hinge
Member start:

Member end:

e

e

ol =
ol =

@] ] &) &)

OK

| | cancel

GLEIEE RS Defining member rotation

We can examine the result in magnified view using the zoom and move functions (see

Mouse functions @).

LR Rotated angle member in zoomed view

| a6 |
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Undo/Redo

You may [Undo] the member rotation in this view to check the cross-section's initial position. With the
default features Undo and Redo, known from Windows programs, data entered into RFEM may also

be undone or redone.

(E® File Edit View Insert Calculate Results  Tools

W EY FERYY R e

: v}/ %,U.|iﬁmndoh’ﬂil ta

G4 Undo and Redo buttons

Canceling visibility mode

The transparent parts of the model may be reactivated in the Views navigator: To display all objects,

click the [Cancel Visibility Mode] button.

The full spatial view can be set with the [Isometric View] button in the toolbar (see Figure 4.48 @).

Project Navigator - Views x
ETAEEEL

User-defined views:

=% % K
Vishiltiss

Z 3%

[ visites: [ Cancel Visibility Mode
= [M] {8 User-defined A

i [ croup1

- [H] {33 Generated

-] [ Lines by Type

#]-[] 23 Lines with Support
#1-[] 23 Members by Cross-Section
1) [_] (2 Members by Eccentricity
#1-[_] [ Members by Hinge
#1-[] 21 Members by Material
+]-[] [ Members by Type
| 0-[]C0 NodeswithSupport V|

EIREAEE R RE] =)

Add new objects into visibility:

fioata [ Display | A views

Figure 4.48 Full view of the model
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4.6

(5l[=]

Adjusting color assignments

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

We click through the menu items to change the display. The Cross-Section option, for example, allows
for an immediate distinction between the different section types.

Project Navigator - Display x

I Maodel
& Loads
D Results
[w]E@ FEMesh
-[B]#= Sections
-] & Average Regions
-[B] 5 Guide Objects
[E&Y General
-] Numbering
=,
O Standard
- OB Material
@g Cross-Section
O Member Type
- O Member Hinge
Og Surface Type - Geometry
Og Surface Type - Stiffness
-- (OB Surface Thickness
- +/- 2 Surface Side
Og Solid Type
O Visibility
- (O Effective Length Factor
-]\ Rendering
E% Preselection
-[H] B Add-on Medules

ﬂData E‘Display ﬁ\t‘\ews

[ i Y Distinguishing cross-sections by colors

From here on, the numbering of objects may be turned off. Do to so, right-click in an empty area of the
work window. Clear Show Numbering in the shortcut menu (see Figure 4.4 @ ).

Afterwards we reset the colors to Standard.

Checking the Input

Checking the Data navigator and tables

As mentioned, RFEM provides various ways to enter model data. The graphical input is reflected in
both the Data navigator tree and the tables. To display or hide navigator and tables, use View —
Navigator/Table or the corresponding toolbar buttons.

The various types of objects are categorized in the tables' tabs. Graphics and tables are interactive: To
find an object in the table, such as a member, go to Table 1.17 and click the member in the work
window. The corresponding table row is now highlighted in color (see Figure 4.42 @).

This is a quick way to check the model's numerical data.

Saving data
The input of model data is now complete. To save our file, we use

File — Save

or the corresponding toolbar button.
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Project Mavigator - Data

S RFEM
-4¥) Tutorial [Dlubal Examples]

[E
[E

- Model Data

Load Cases and Combinations
3 Y Load Cases

=% Actions

% Combination Expressions
=% Action Combinations
% Load Combinations

¥ Result Combinations
Loads

- Results

----- ) Sections

----- [ Average Regions

----- 1 Printout Reports

¢ ) Guide Objects

H-- ] Add-on Modules

[

t- ) Stand-Alone Programs

[ Data| (& Display 2§ Views

3.1

&

Load 1]

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

Load Cases
= Actions

= Combination Expressions

Action Combinations

Load Combinations
= Result Combinations

Load cases are used to define the different types of loads such as selfweight, snow load, and wind
load. Afterwards, they are assigned actions and superimposed with partial safety factors according to
the combination expressions of the standard (see Chapter 6 @ ).

Load Case 1: Self-Weight

The first load case contains the permanently acting loads from self-weight, floor structure, earth
pressure, and roof construction (see Chapter 2.3 @ ).

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

le  Options Add-on Modules Window Help
(=5 | 28 MRS 5w
-Gl R-tanfy- HEAQH

H‘ﬁrwsl-lr.ﬂr Load }

New Surface Load button

The Edit Load Cases and Combinations dialog box appears.

Edit Load Cases and Combinaticns X

Load Cases Actions Combination Expressions  Action Combinations Load Combinations  Result Combinations

Existing Load Cases LC No

G _|LE1 Dead Load El

General  Calaulation Parameters

To Solve
~]

Load Case Description

Dead Load

Action Category EN 1990 | CEN

[ Permanent v

Self-Weight
Active

Factor in direction:

v wiEe
Cami
[ wi

< > | | comment

T B E G v EE X

Cancel

Edit Load Cases and Combinations dialog box, Load Cases and General tabs
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Self-Weight
Active

Factor in direction:

v [am Ele
v ol
Bl

Load case number 1 with the action category Permanent is preset. Additionally, we enter the Load
Case Description Dead Load.

5.1.1 Self-Weight

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

5.1.2 Floor Structure

We confirm the input with [OK]. The New Surface Load dialog box appears.

MNew Surface Load *
No. On Surfaces No. Load Type "Force’
|1 | | 7 Load Distribution "Uniform’
Load Type Load Direction
(® Force Local O
lated to t z

O Tempersture related to true area Oy
(O Axial strain Oz B
O Precamber. | Global OxL
(O Rotary metion... % | related to true area: oL
Load Distribution @z
(® Uniform Global Oxp

- lated t jected
O Linear arere: 0 projecle OYp
(O Linearin X Ozr
() Linearin Y
(O Linearin Z
(O Radial... = Load Direction ZL*

Load Magnitude
Mode No. Magnitude

T e [ s e
Y
| e

3wl

Comment

| V)&

2| @] Vg Cancel

New Surface Load dialog box

The floor structure acts as the load type Force, the load distribution is Uniform. We leave these default
settings along with the load direction Global ZL.

In the Load Magnitude box, we enter a value of 1.5 kN/m? (see Chapter 2.3 @) and confirm with
[OK].

We can now graphically assign the load to the floor surface: Next to the pointer is a small load
symbol, which disappears when it gets close to a surface. We apply the load to surface 1 with a click
(see Figure 5.4 @).

The surface load is not applied in the opening. The area without any load is marked accordingly.
We can hide and display the load values with the [Show Load Values] toolbar button.

To quit the input mode, use the [Esc] key or right-click into the empty work window.
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@ Graphical input of floor load

5.1.3 Earth Pressure

The earth pressure stressing the wall is represented by a linearly variable load that acts perpendicular
to the surface. This time, we first select curved surface 2; then we open the load input dialog box with

the [New Surface Load] button.

Mew Surface Load

Ho. On Surfaces No.
: j =
Load Type Load Direction
@) Force lr==] Ox
) Temperature related to true area: Oy
(O Auial strain @2
8 ;:camb:tr | o OxL
ary motion )
o related to true area: o
Load Distribution O 7L
O Unfom Global Oxp
i related to projected
O tneer area: QYp
(O Linearin X Oz
(O Linearin Y
(® Linearin Z
O Radil. =)

Load Magnitude
Mode No. Magnitude

s |3 pro | 000 pwim2)
ma s |8 e [ o100 v
and: [ B e |:|[kmm2]

Comment

s

Load Type Force’
Load Distribution ‘Linear in Z'

N+—

Load Direction "z*

m New Surface Load dialog box
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& | Edit Surface...
]

Delete Surface

FE Mesh Refinement 3

Extrude 3

Reverse Local Axis System
Split Surface...

Divide Surface

4y
5? Center of Gravity and Info...
oa Move/Copy...

oD

Rotate...
A:B Mirrar...

||i| Local Axis Systems on/off |}
REI Display Properties...

B4 | visibility by Selected Objects

84 | visibility by Hiding Selected Objects

Display of local axis systems

Set the boundary of the area load plane via
polygen
Select Nodes

Mode No. 16

oK Cancel

=

The load is specified as the load type Force with the Load Distribution Linear in Z perpendicular to
the surface. Thus, we select Local z as the Load Direction.

To enter the Load Magnitude, we use | % to select significant locations on the model to which we
assign load ordinates: We click Node No. 3 and enter a Load Magnitude of @ kN/m?. Then we use
again to select Node No. 6 and enter a Load Magnitude of —64 kN/m? (see Chapter 2.3@).

We enter the load with a negative number because the local z-axis of the surface is directed outside.

After clicking [OK], the linear surface load is displayed on the model, increasing downwards and
acting perpendicular to the shell. We use the shortcut menu shown on the left (opens when we
right-click the surface) to show the local surface axes.

w .

. »
- } 8 -
=) -.-‘-rlr._ T .

GLEUE ) Linearly variable surface load (earth pressure) with display of local surface axes

5.14 Roof Load

The load due to roof finishes (roofing, supporting structure) also acts as a permanent load. For
applying loads to the steel construction that act on surfaces, RFEM provides a tool that is able to
convert area loads into member loads.

To open the generator dialog box, use

Tools — Generate Loads — From Area Loads on Members via Plane.

In the Convert Area Loads to Member Loads via Planes dialog box, we enter the following settings
(see Figure 5.7 @ ):

The roof structure's Area Load Direction is Global related to true Area ZL with an Area Load
Magnitude of 1.2 kN/m? (see Chapter 2.3 @).

We define the area load's plane graphically using : In the work window, we click the four corner
nodes 16, 15, 19, and 20 of the roof area one by one. Afterwards, we click [OK] to close the
selection window shown on the left.
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4 %< X%

Edit Generated Load...
Delete Generated Load

Display Separately
Disconnect Generated Load

Increase Size

Decrease Size

Finer Hatching Divisi

Coarser Hatching Division

Display Properties...

The roof's supporting structure (not displayed in the model) introduces the roof loads into the structural
system along the purlins. This means: Both of the monopitch roof's horizontal beams do not participate
in transferring loads from the roof loads and are thus excluded from the load generation. We use the
[Select Parallel Member] button in the Remove Influence from section to graphically select one of the
horizontal beams in the working window (member 8 or member 5). After clicking [OK] in the selection
window, the generator dialog box should look as follows.

Convert Area Loads to Member Loads via Planes *
Area Load Direction Member Load Direction Load Distribution Type
Perpendicular to [OF Direction of generated member | () Axes of angles
plane: lnads: O Constant
Global related to Oxp Globalin X, ¥, Z (®) Combined
projected area: Oye Localinx, y, z
[@F:
Global related to O XL Area of Load Application
UEEEE Oy (® Fully dosed plane
@z (O Empty, on members only
Area Load Distribution Area Load Magnitude
(®) Uniform Node No. Magnitude
(O Linear 1 t‘ ’:‘ 1.20 E"H [kMmi] Area Load Direction "ZL"
(O Varying in direction: % t‘ =] e
2 - [ ——

Boundary of the Area Load Plane

Corner nodes:
MNote:

16,15,15,20 v | Izl Each row in the drop down list box
denotes one plane.

Remove Influence from

Single members: Members parallel to member:
| %] |[s A=

Convert Loads to Members No.
[10,11 |‘

oc || Concel

L4y Convert Area Loads to Member Loads via Planes dialog box

We confirm with [OK]. An Info dialog box appears with information about the conversion of area load
values to member loads. We confirm this dialog box as well.

The load is represented as a roof area load. To display the generated loads that act on both purlins,
rightclick the load and open the shortcut menu. Select the Display Separately option.

GLEUE S Member loads from area loads on purlins
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This completes the input for the Dead Load load case.

52 Load Case 2: Imposed Load

Before entering the imposed loads, we create a new load case. Do do so, we can use the menu item

Insert — Loads — New Load Case

[ | or the corresponding toolbar button (to the left of the load case list).

Edit Load Cases and Combinations x

Load Cases  Actions Combination Expressions Action Combinations Load Combinations Result Combinations

Existing Load Cases LC No Load Case Description To Solve

LCL Dead Load Imposed load hd |
L

€2 |imposedioad

General  Calculation Parameters

Action Category EN 1930 | CEN
04 imposed - Category C: congregation areas |\:\J
Permanent LA
W Permanent/Imposed 1B
M Prestress 2
IEEN Imposed - Category A: domestic, residential areas 3A
IFIA Imposed - Category B: office areas 3.B
- Qi€ Imposed - Category C: congregation areas
[E@E Impased - Category D: shopping areas 3D
IE03 Imposed - Category E: storage areas 3E
[EH Imposed - Category F: traffic area - vehide weight = 30 kN 3F
IEXE Imposed - Category G: traffic area - vehide weight £ 180 kN~ 3.6
[EAE Imposed - Category H: roofs 3H
188N Snow (Finland, Iceland, Norway, Sweden) 4.A
@51 Snow (H > 1000 m a.s.l.) 4.8
1850 Snow (H = 1000 m a.s.l.) 4.C
I Wind 5
Temperature (non fire) 3
M Accidental 7
I3 Earthquake 8
A Imperfection
< > Comment
) [ B [ EvEEE )| @
RN e

Edit Load Cases and Combinations dialog box

We enter Imposed load as the Load Case Description or select it from the list.

To change the Action Category to Qi Imposed - Category C: congregation areas, use the
action category list (see Chapter 2.3 @ ). This classification is important for the partial safety factors
and combination coefficients of the load combinations.

| sa |
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5.2.1

Floor Slab

We choose a new way to enter the surface load: We select floor surface 1 by clicking it. When we
now open the familiar dialog box using the [New Surface Load] button, the surface number is already

filled in.
MNew Surface Load *
No. On Surfaces No. Load Type "Force’
Load Distribution "Uniform’

[ | [ | %
Load Type Load Direction
(®) Force Local O
@ T related to true area: Oy
(O Axial strain Oz P
8 :reca'“ber | Global OxL

otary motion... & c

ry % | related to true area: oL

Load Distribution @z
® Uniform Global Oxp

- related to projected
O Linear aren P
() Linearin X zP
(O Linearin Y
(O Linearin Z
(O Radial... = Load Direction ZL*
Load Magnitude

Mode No. Magnitude
1st |3 ST [kN/m2]
2nd: [6 & o [ ED] k)
w6 i e [ el

a
3wl

Comment
| V]|
D| ]| VB Cancel

New Surface Load dialog box

The imposed load acts as the load type Force. We specify the load distribution to be Uniform and
select Global ZL as the load direction.

As the Load Magnitude, we enter a value of 3 kN/m? (see Chapter 2.3 @). Then we confirm the
dialog box with [OK].
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5.2.2 Edge of the Opening

It is easier to apply the linear load to the edge of the opening when we maximize the area using the

Zoom function or the wheel.

We open the New Line Load dialog box with the [New Line Load] toolbar button (right next to the

[New Surface Load] button).

MNew Line Load

No. Reference to On Lines No.
@ures |
(O List of lines m @ =
Load Type Load Distribution Load Direction
(® Force (O Concentrated: Local Ox
related to true
(O Moment P =S line length: Oy
Oz
(®) Uniform
Global O
Trapezoidal related to true
O rape line length: Own
() Tapered [OF:A
Parabolic
O Global Oxp
. related to projected
Ovarying... = line length: Ovp
Ozp

Load Parameters
o a
pr [ =] paum B

[ =m
[ =m

Relative distance in %

Load over total length of
lire:

Comment

=]

Load Type Force’
Load Distribution "Uniform

mmmim

Load Direction ‘Global ZL'

@] &
m New Line Load dialog box

The line load with the load type Force and a Uniform load distribution acts in the load direction ZL.

We enter 5 kN/m into the Load Parameters box. We confirm with [OK] and click line 11 at the

opening's edge (check via display in the status bar).

To quit the input mode, use the [Esc] key or right-click into the empty work window.
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|#a
Set the boundary of the roof
Select Nodes
Node No. 16
oK Cancel
i

Load Case 3: Snhow

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

Edit Load Cases and Combinations x

Load Cases  Actions Combination Expressions  Action Combinations Load Combinations  Result Combinations

Existing Load Cases LC No Load Case Description To Solve
| G ]I Dead Load Snow v|
i c JTe] Imposed load
[ as Jle] Snow General  Calculation Parameters
Action Category EN 1990 | CEN
@0 Snow (H < 1000 m a.5.1.) [+]
Permanent LA
Permanent/Imposed LB
Prestress 2
IEE Imposed - Category A: domestic, residential areas 3.A
IE@E Imposed - Category B: office areas 3B
IFHA Imposed - Category C: congregation areas 3.C
BT Imposed - Category D: shopping areas 3D
Imposed - Category E: storage areas 3E

IE0E Imposed - Category F: traffic area - vehide weight < 30 kN 3F
[EE Imposed - Category G: traffic area - vehicle weight < 160 kN 3.G

[EXE0 Imposed - Category H: roofs 3H
1851 Snow (Finland, Iceland, Norway, Sweden) 4.4
@2l Snow (H > 1000 m a.s.1.) 4.8
T Vind 5
IES Temperature (non fire) 6
N Accidental 7
IS Earthquake 8
A Imperfection
< > Comment
= EEE VEE X || V&
7 PG Corce

Edit Load Cases and Combinations dialog box, Load Cases tab

We enter Snow in the Load Case Description or select it from the list.

We specify the Action Category as Qs Snow (H < 1000 m a.s.l.).

5.3.1 Roof

To enter the monopitch roof's snow load, we use a load generator again. To access this function, use

Tools — Generate Loads — From Snow Loads — Flat/Monopitch Roof.

In the Generate Snow Loads - Flat/Monopitch Roof dialog box, we enter the following data (see
Figure 5.13®@):

Snow Load Parameters according to EN 1991-1-1-3 with national annex DIN apply. We select Zone
number 2 and change the Altitude to 500 m (see Chapter 2.3 @).

We define the Roof Geometry graphically using [&5| by clicking the four corner nodes 16, 15, 19,
and 20 of the roof area one by one (see selection dialog box on the left).

We check if the newly created LC3 is selected in the Load Case to Generate section.

We want to create Member loads again but the two monopitch roof beams do not contribute 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 Parallel Member] button in the Remove Influence from section to
graphically select one of the horizontal beams (member 8 or member 5).
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Generate Snow Loads - Flat/Monopitch

Snow Load Parameters

Roof

According to Standard: | EEEN 1991-1-3

Mational Annex:

=D v

L)

Zone number Z: |2 v
Altitude A | 500,000 v | [m]
Ground snow

load sk 160 3 +|[kN/m3]
Roof Geometry

Node No.

Node

Create Load Type
(®) Member loads
(O Surface loads

Remove Influence from

Single members:

Additional Snow Loads
[ orifted snow load acc. to 5.3.4(3

Flat/Monopitch Roof

=

[]snow overhana...

gl |4

[snowguard | obstade. .. =

Coefficients

Exposure Ce:| 1000 5 ¢
Thermal —
coefficent Ct .000 < ¢+

Position of Drifted Snow Load

Load Case for Drifted Snow Load

IS

D| i@

S| & =] [E

o | Edit Generated Load...
J Delete Generated Load

v Display Separately
09 Disconnect Generated Load

.'(.

3

=, | Decrease Size

RI:I Display Properties...

@

o |
Load Distribution Type
() Axes of angles (®) Combined
(O) Constant
Inclination o : 3001
Members parallel to member: Generate Snow Loads on Members No.
E &2 [
OK Cancel

Generate Snow Loads - Flat/Monopitch Roof dialog box

We confirm with [OK]. An Info dialog box appears with information about the conversion of area load
values to member loads. We confirm this dialog box as well. The load is represented as a roof area
load with a value of 1.28 kN/m?.

To display the generated loads that act on both purlins, we can use the Display Separately option
again, which is available in the load shortcut menu. This renders both member loads visible, with

4.02 kN/m each.
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4

Mew Free Concentrated Load...
Mew Free Line Load...

Mew Free Rectangular Load...
Mew Free Circular Load...

Mew Free Polygon Load...

Mew Free Variable Load...

Mew Imposed Modal Deformation...

Mew Imposed Line Deformation...

Mew Imperfection...

List of loads

5.3.2 Floor

The snow load also acts on the semicircular area of the floor surface, which is outside. Since only part
of surface 1 bears a load, the New Surface Load feature cannot be used. In the full version, the ceiling
would be divided into two surfaces to easily place a surface load on the semicircular surface. Since the
demo version allows for just two surfaces to be used in a model, we choose a somewhat more
complex way.

First we set the View in [Z]-direction. For the new work plane we choose plane [XY].

We define the snow load as a Free Polygon Load. The corresponding feature can be found in the
[New Load] toolbar button's list of loads (to the right of the [New Surface Load] button).

In the New Free Polygon Load dialog box (see Figure 5.14 @), we specify the load to only act On
Surfaces No. 1 and be Globally related to projected area ZP. Snow loads must be related to the base
area, not the true area (like selfweights). For horizontal surfaces, this makes no difference, of course.

The load is projected in the XY Plane.

Free Polygon Load
Select Points

oK Cancel

MNew Free Polygon Load *

No. On Surfaces No.

i [ i

Load Projection Load Direction

(®) XY Plane Local Ox
related to true area:

() YZ Plane Oy

() ¥Z Plane Oz
{

Load Distribution g‘;?:‘l:lt . (@)

o true area:

(®) Uniform [@)(N |

O Linear Oz I
|

(O Linearin X Global ) O xp

() Linearin ¥ ﬁ:;?d to projected OYp

Linearin Z ®zP
Load Position
Comer point coordinates XY, .. [m] Z [m]

7.0:8.292,0.301;5.288,1.056;9.869.2.151:10
.3:9.814,3.925:9.456.4 637,8 657.5.469.7.9
74584176

1 —

Corner Point Numbers and Load Magnitudes Load Direction "ZF"

p: 1 G |2 =R [kNsz]l o
P2 o =] knim2] zI_.
p: EIE IS [ = wme
ho—
Comment
| V||
D] | oK Cancel

Defining a new free polygon load by setting arc points

We define the Load Position in the work window using : We start at arc node 4 at the top and then
use the reticle pointer to click any points on the arc line to approximate the semicircular surface with a

polygonal chain. Once we have reached the arc end at node 3, we close the small yellow dialog box
with [OK].

In the Corner Point Numbers and Load Magnitudes section, we enter a value of 1.28 kN/m? — this
value was designated as a roof snow load by the generator (see text after Figure 5.13 @).
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After confirming with [OK], the load is placed on the semicircular surface.

We close the input mode with [Esc] or with a right click and switch back to the [Isometric View].
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54 Load Case 4: Wind

[ | We create a [New Load Case] for the wind loads in Y-direction.
Edit Load Cases and Combinations x
Load Cases Actions Combination Expressions Action Combinations Load Combinations Result Combinations
Existing Load Cases LC No Load Case Description To Solve
| c_JEs Dead Load Wind in +Y Vl
[ i C JeF] Imposed load
01 LC3 Snow General  Calculation Parameters
[ wind -
Self-Weight
[ Active
= 3 | | Comment
. — ~
SEEEFEE X | =
? B@ Cancel

Edit Load Cases and Combinations dialog box, Load Cases tab

We select Wind in +Y from the list as the Load Case Description. The Action Category automatically
changes to Qw Wind.

5.4.1 Steel Construction Loads

We once more use a load generator to enter the wind load that acts on the walls that are closed on all
sides and on the monopitch roof. To access this function, we use

Tools — Generate Loads — From Wind Loads — Vertical Walls with Roof.

In the Generate Wind Loads - Vertical Walls with Roof dialog box, we enter the following data:

Velocity Pressure is determined according to EN 1991-1-4 with the national annex DIN. We specify
the Wind zone 1 and Terrain category Il (see Chapter 2.3 @ ). The buttons make the selection
easier. We change the Structure height to 8 m and the Altitude to 500 m.

Set the boundary of the roof We define the Base Geometry using [Es/ by clicking floor nodes 1, 4, 3, and 2 (observe order
Select Nodes according to dialog box sketch). We also use [Es/ to define the roof geometry by clicking roof nodes
Node No. 15 15,19, 20, and 16.
QK Cancel

We check whether the inflow direction A - B is set in the Set Wind on Side section.

In the Load Cases to Generate section, we deactivate the load case w-. As described in

Chapter 2.3 @, only positive external pressure factors are examined. Load generation of LC w+ is to
occur for LC4.

Py As before, Member loads are to be created while the monopitch roof's horizontal beams do not
contribute to the load transfer. Using [Select Parallel Member] in the Remove Influence from section,

we once again select one of the horizontal beams graphically (member 8 or member 5). Diagonal
member 12 is automatically excluded from the load transfer.
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Generate Wind Loads - Vertical Walls with Roof *
Welocity Pressure Wertical Walls with Roof
According to BN 1991-1-4 Structure height
National Amnex: h: iml
Wind zone: 1 Altitude

ML)
Terrain category: Category III ~ e ]

Simplified case For struckures with b 2 25 m Fundamental wind velocity

Lack of correlation acc. to 7.2.2(3) Vbo: [mis] E=}

Base Geometry Roof Type and Geometry

Mode Nao. Type: (®)Flat/monopitch roof... =

MNode  I: (O Duopitch roof
1= Node No. Node No.
K: A E ’_1
L: B: F ’_1
(Ee
(M @
Load Cases to Generate Set Wind on Side

M w+: R ®a-B Os-c

Clicw- = = Oc-p OD-aA

Internal Pressure

[ Activate internal pressure
Consider only increasing loads

[ lm

Create Load Type Load Distribution Type
(®) Member loads () Axes of angles (®) Combined
() Surface loads () Constant

Remove Influence from

Single members: Members parallel to member: Generate Wind Loads on Members No.

| ILIRE ) [3.46,7,9-11

‘,—D ﬁ 5) a §=% ﬁ( L4 CK. Cancel

Generate Wind Loads - Vertical Walls with Roof dialog box

After clicking [OK], a dialog box appears with information about the generation data, which we
confirm as well.

Now the wind loads are displayed as surface loads on the model. We use Display Separately in the
load shortcut menu to display the corresponding member loads.
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5.4.2 Column Loads

We define the loads on the lower part of the structure manually.

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

™ We select column member 1 per mouse click and use the [New Member Load] button to open the
dialog box for entering the wind load.

The Load Direction is globally related to the true member length in YL. To the column, we assign a
wind load component of 1.5 kN/m. We enter this value as a Load Parameter.

MNew Member Load hed
No Reference to On Members No Load Type "Force®
(® Members 1 | Load Distribution "Uniform
(O List of members “‘\1 =
(O sets of members P
Load Type Load Distribution Load Direction l l l
Yvyy
(@) Force () Concentrated: Local Ox
| related to true : z
O Moment P 55| member length: Oy Ou ' e
O Temperature @ Uniform 8 : O v
. ) Global *L
O Axial strain O Trapezoidal related to true @n
(O Asial displacement member length:
(O Tapered On
Parabolic
(O Precamber @] Slobal .
B . — related to projected
(O) Initial prestress () varying... = .
pehedanit; O Load Direction ‘Global YL*
(CJEnd prestress [@F::
O Extra:
Displacement

gl
=<
v
®

Load Parameters

N I=cn ) [ E—
Pz ] e [ =m
I l:l [kMm] Relative distance in %
B l:l TkNAm] Load over total length of

Comment

| V][ @]| ([

B

Defining wind suction as uniform member load

We click [OK]. Now the load is represented on the column.

Defining a trapezoidal member load

Due to a backfill setin a certain zone, the low eave side reveals an asymmetrical load application
area for wind pressure. The load distribution on the column is therefore variable.

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

As before, we define the Load Direction in YL globally. The Load Distribution, however, is specified as
Trapezoidal. This enables two Load Parameters: We enter a value of 0.5 kN/m for member start p 1
and 3 kN/m for member end p2. We defined the columns from bottom to top; thus the member start is
at the column base.

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

e [ owER R A [ Tm
v [omEwm| 5 [t
;18 [kN.-/m] Relative distance in %

New Member Load X
No. Reference to On Members No. Load Type ‘Force"
@MEmbErs 2 ‘ Load Distribution Trapezoidal
(DiList of members @ =
(i 5ets of members
P2
Load Type Load Distribution Lead Direction ol
(®) Force () Concentrated: Local Oix
related to true . i
(O Moment P | member length: Oy Ouw ! !
Oz Ov

O Temperature O Uniform D

X Global XL
O Axial strain (®) Trapezoidal related to true @
(O Axial displacement Oonered member length: o

L
Parabolic
() Precamber @] Slabal O
- . related to projected
Initial prestress varying... :
Ol pr O varyng | member length: O Load Dirsction ‘Global YL'
(O End prestress Oz
O Extra:
Displacement v ||

v

| [ Load over total length of
member

Comment

| Jm

@] Ef o |

m Defining wind pressure as trapezoidal member load

We click [OK]. Now the member load is represented on the second column (see Figure 5.20 @).

The graphic that shows the generated and manually defined wind loads should now look like the
following figure.
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55 Load Case 5: Imperfection

In the final load case, we define imperfections for the columns that are stressed by normal forces.

This time we use the Data navigator to create a new load case: Right-click Load Cases and select New
Load Case in the shortcut menu.

Project Mavigator - Data x
E™ RFEM
2-4¥ Tutorial* [Dlubal Examples]
- Model Data
Load Cases and Combinations

¥ | Edit Load Cases...
il *4 Mew Load Case...

¥ Goto Table %
" Result A | Delete All Load Cases Del
- Loads
----- |_J Results
----- | Sections

----- |_J Average Regions

----- | Printout Reports
() Guide Objects

- Add-on Modules
[#-_J Stand-Alone Programs

ﬁData ﬂDisplay ,ﬂ\c’iews

Load Cases shortcut menu

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

Edit Load Cases and Combinations x
Load Cases  Actions Combination Expressions Action Combinations Load Combinations  Result Combinations
Existing Load Cases LC No Load Case Description To Solve
Lct Dead Load Imperfection towards +¥ ]
IEHE Lc2 Imposed load
GEl L3 Snow General  Calculation Parameters
.
L4 |Windin +¢ Action Category EN 1990 | CEN
Imperfection towards +Y
[T mperfection ~
Self-Weight
[JActive
< > Comment
== e D E el
2| B= Cancel
Edit Load Cases and Combinations dialog box, Load Cases tab
Then we confirm the dialog box with [OK].
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Mew Free Concentrated Load...
Mew Free Line Load...

Mew Free Rectangular Load...
Mew Free Circular Load...

Mew Free Polygon Load...

Mew Free Variable Load...

Mew Imposed Modal Deformation...

Mew Imposed Line Deformation...

o Mok G G A B G

Mew Imperfection...

List of loads

R

5.5.1 Steel Columns

We use the arrow next to the [New Free Polygon Load] toolbar button to select New Imperfection from
the list to open the following dialog box.

No. Reference to On Members No.
[ ’
@ Members
(O List of members A A
(O sets of members : :
| Direction According to Standard i
Local axis: @y | |[EN 1993-1-1; 2005-07 (Eurocode 3) v | ‘
Oz
| Parameters
Principal .
a::;?pa Ou Reference: (@ Relative
Ov () Absolute

Inclination 14p : [ Ie
Precamber L/en © H o
Precamber activity | - o

Frecamb: ||_EN 1993-1-1(5.8) | o |

Calculate Value of Inclination - EM 1993-1-1: 2005-07 (Eurocode 3)

Inclination according to

Bg: 1/ 200.00 ] B EN 1893-1-1: 2005-07 (Eurocode 3)
4000/ m] |

ncel

Inclination Parameters
| Comment

Basic value

Structure height h:

D @ Number of columns in

one row m: . / I ] i I I /
= -
Reduction factor Oh: 1.000 [ I I I |
am: 1.000 H 1 _'{ 1 1
Inclination & 1/

D =g+ ap *om

2
2 =
iy = — Z.‘!

|'h 1.0
]{ 1

m= [0.5(1+—)
m

D] i Cancel

New Imperfection dialog box

We define the imperfection in the Direction of local axis y. This is the direction of the 'weak' member
axis, which is parallel to the global y-axis in our example.

EN 1993-1-1: 2005-07 is the relevant Standard for the steel columns' imperfection. If this is not
preset, we select the correct list entry.

To enter the Inclination 1/¢o, we use which opens the Calculate Value of Inclination dialog box.
We change the Structure height to 4 m. To return to the previous dialog box, we click [OK].

For the buckling curve b of HE A 300 profiles, we specify a Precamber L/e¢ of 250 according to
EN 1993-1-1, Table 5.1 (see Chapter 2.3 @).

We change the Precamber activity criterion to EN 1993-1-1 (5.8).

We confirm the dialog box with [OK]. After that, we click the four steel columns with the member
numbers 6, 4, 9, and 7 to assign the imperfections.

To quit the function, right-click or use [Esc].

| e |
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iphi_0 = 200.00

Le 0= 250.00

M Setting imperfections for steel columns

5.5.2 Concrete Columns
We reopen the New Imperfection dialog box to define the concrete columns' inclination.
New Imperfection *
No. Reference to On Members No.
a=0 asl
@verbers |
(O List of members E)
(O sets of members ?\3 lﬁ!
Direction According to Standard i
Local axis: (@) y “EN 1992-1-1: 2004-12 (Eurocode 2) v|
Oz Parameters =
;;i_:':::ipal Ou | Reference: (@ Relative
Qv () Absolute
Inclination 14p : [
Precamber Lien : | [ |

Calculate Value of Inclination - EM 1992-1-1: 2004-12 (Eurocode 2)

Inclination Parameters Inclination according to

Basic value 0 1/ ZDDDDEIEl o) EN 1992-1-1: 2004-12 (Eurocode 2)
Comment

Length or height I 400015 ]

Number of columns in

@I@ one row m: i

--;——-___
7;._
|l

Reduction factor Oth 1.000( [
[J
om : 1.000( [ 1 l 1
Inclination 81/ 20000 H
0.005000| []
6, =86p * ah+ am
2 =3

@] K] | cance
m New Imperfection dialog box

We select EN 1992-1-1: 2004-12 as the Standard.
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As before, we use to define the Inclination 1/¢o: In the Calculate Value of Inclination dialog box,
we change the Length or height to 4 m.

As precambers do not have to be taken into consideration according to Eurocode 2, we specify the
Precamber L/eq to be O.

After confirming the dialog box, we click the two concrete columns with member numbers 1 and 2 to
assign the imperfections.

Checking Load Cases

The input of all five load cases is now complete. We recommend to [Save] the entered data again.

We can check each load case quickly in the graphics: The [ <] and [# | buttons in the toolbar allow us
to browse the load cases.

ElE s 1ca-windin -y '|3J> (@5 & o | oo
T W'G ﬁ' i":q-’ Emﬂ .‘.F' Eﬁ—P‘r'e\riousLoadCase,... ﬁ'.s E

LTV Browsing the load cases

The loads' 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 selected on the table toolbar with the
button shown on the left. Graphic and tables are interactive once again: For example, to find an
imperfection in the table, go to Table 3.14 Imperfections and select the load in the work window. The
pointer jumps to the corresponding table row.

Hiphi_01= 200.00

Lte_0= 250,00

3.14 Imperfections X
EEEE T D€ [ (2] (5] (]| ¢ <= = | [ 0 ) e | Ls-mperecionton @ | > B & @@ F A%
[mabie 3. Losd: NN C il E F G H I ~
Inclination Notional Load Force Level Graviy
No. | Referenceto On Members No. Direction Standard Reference 1490 H Factor [] Adiustment Factor o] | Load C
1 Members | 46,79 y EN 1993-1-1: 2005-07 (Eurocode 3) | Relative 200.00
Members 1.2 ¥ EN 1992-1-1: 2004-12 (Eurocode 2) | Relative 200.00
3
[ v
< >
Free Line Loads | Free Rectangular Loads | Free Circular Loads | Free Polygon Loads | Free Variable Loads | Imposed Nodal Deformations | Imposed Line Deformations | Imperfections | W[« ¥

m Interaction between graphic and load tables
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6.1

-
23]

Combining Actions on

We combine the load cases according to EN 1990. We use the integrated generator to superimpose
the actions with the required partial safety factors and combination coefficients. The relevant conditions
were created when the model was defined in the General Data dialog box, where we selected Create
combinations automatically (see Figure 3.1 @ ).

The Action Category defined for the load cases (see Figure 5.22 @) determines the way load cases
are combined in different design situations.

Checking Actions

The load cases must be assigned to Actions, which are subsequently superimposed in accordance with
regulations. Actions represent independent factors of influence that arise from different origins. The
correlation existing between them may be neglected due to the structural system's reliability.

Load cases, actions, and combinations are managed in the Edit Load Cases and Combinations dialog
box (see Figure 5.22 @) and in the number 2 tables. The latter are accessible by clicking the button
depicted on the left. Table 2.1 Load Cases shows our five load cases with the defined action
categories in an overview.

2.1 Load Cases X
EEEEE EE3E 0 ot | M E w2 A5
Table 2. Load Cases and Combinations B D [ E [ E [ G [ H | A
Load TrET e EN 1950 | CEN Self-Weight - Factorin Direction
Case Description To Solve Action Category Active X Y Z Comment
Dead Load HEN Permanent 0.000 0.000 1.000
Imposed load Imposed - Category A: domestic, resider [m}
=N Srow 150 Snow (H <e> 1000masl) -1 O
Wind in =Y Wind 5]
Imperfection towards +Y E Imperfection ] v
Load Cases [ Actions | Combination Expressions | Action Combinations | Load Combinations | Result Combinations |
Type of Load Case

Table 2.1 Load Cases

The next table 2.2 Actions shows, which load cases are contained in the individual actions. In our
example, each load case is assigned to a different action. However, had we defined several wind
load cases for the different directions, for example, they would all be listed in the Wind action.

2.2 Actions x
ER=E (360 0o = | E AR
B [ c [0 T E T F | G A
Action EN 1930 ICEN Load Cases in Action
Action Description Action Category Acting LC.1 Lc.2 LC.3 Comment
- Permanent =~ | ER Permanent Lc1
A2 | Imposed IEE Imposed - Category A: domestic, resider Lcz
A3 | Snow i@= Snow (H=1000m asl) LC3
A4 [ Wind Wind Lc4
A5 W
Load Cases | Actions | Combination Expressions | Action Combinations | Load Combinations | Resutt Combinations |
Description

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 to verify the ultimate limit states and
serviceability limit states according to certain rules. Table 2.3 Combination Expressions manages,
which limit states are set to be analyzed.

2.3 Combination Expressions x
HEEEE S 3€0 & = [ K- e @ & w | F AR
[ A c [ D [ E [~
Combin Combination Expression EN 1530 | CEN Consider
Express Description Use Design Situation Favorable G Actions Imperfection LCs E|
CEl | ULS ULS (STR/GED) - Permanert / transient - Eq. 6.10 ] [m]
CE2 |5LS SCh SLS - Characteristic o [N}
CE3 |sLs SFrl 5L5 - Frequent O O
515 5L5 - Quasi-pemanent a O v

£

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

Table 2.3 Combination Expressions

For our example, only the ultimate limit state (ULS) is relevant. For that reason, we clear the
serviceability limit state (SLS) check boxes in the Use column of the combination expressions.

Using the navigator shortcut menu, we open the Edit Load Cases and Combinations dialog box to Edit
the parameters of combination expression CE1.

Project Navigator - Data x
E™ RFEM ~
2-4¥ Tutorial [Examples]*
+--) Model Data

(=¥ Load Cases and Combinations
[-_4 Load Cases

-0 Actions

C-o¥ Combination Expressions

¥ cdit.. Enter
E% Mew Com%nation Expression...
oF GotoTable
% Load Comb| 3K | Delete Del
----- oF Result Combmations
- Loads
----- | Results v

£
ﬁData ﬂDisplay AViews

Navigator shortcut menu of combination expressions

Using in the dialog box (see Figure 6.5 @), we can obtain information about the combination
expression for the STR/GEO design situation.
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RFEM 5 - Tutorial

Edit Load Cases and Combinations x

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

Existing Combination Expressions CE No Combination Expression Description Use

STRI CE1 1 s "l
sch
SFr
Sap

General Reduce - Leading Variable Actions  Options for Combinations

Design Situation EN 1930 | CEN

[ i LS (sTR/GEG) - Permanent / transient -Eq. .10 v/ e

Settings
Consider:

[IFavorable permanent actions

[~ 1mperfection load cases. .. =

[ pifferently for each combination expression

[individuallysimultaneously acting load cases...

gl

[ pifferently for each combination expression

Reduce number of generated combinations
by:

[JReducing number of load cases. ..

[C1Examining results...

Selecting leading variable actions. .. Tl inliniis

Generate additionally Either/Or result combination
(result envelopes)

Generate additionally & separate Either/Or result combination
for each combination expression

Generated Load Combinations
Numbering of Generated Combinations

Method of analysis: Second-order analysis {P-Delta) ~
First number of generated

Load combinations: 15
Result combinations: 1

< > Comment

=%, 2] 2% X [ Tmperfection anly with wind = =]
B 2 o

Edit Load Cases and Combinations dialog box, Combination Expressions tab

In the Settings section, we select Imperfection load cases to Consider the imperfections when the
combinations are generated. The following dialog box opens when selecting it.

Imperfection Load Cases

Use Load Cases of Type Imperfection’
LC Load Case Description

Imperfection towards +Y

Only with Load Casei Mever with Load Cases

Select Load Cases *

O (el Ly Dead Load ~
[ | ez Imposed load

O | L3 Snow

LC4 wind in +¥

Options

All imperfection load cases as altemative

[] Remove co-existence of the same load combination with and |
without imperfection

[] Remove all load combinations without imperfection |

v
[] Prefer common assignment of imperfections 2|32 |Ex All ~ |
| Subject to specific load cases T3 Close

| \}) QK Cancel

Settings dialog box for imperfection load cases.

For LC4 to be taken into account, we check the box in the Use column.
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In the Options section, we activate the Subject to specific load cases function. We click info the

Only with Load Cases box. A [ button appears at its end. It opens the Select Load Cases dialog box,
where we select LC4 Wind in +Y. This way, RFEM will consider imperfections only in combinations
that include wind load cases.

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

In the Settings section of the initial dialog box (Figure 6.5 @), we can reduce the number of generated
combinations by Selecting leading variable actions. Selecting this option adds a new tab to the
dialog box.

CE No. Combination Expression Description Use

1 (s ~]

Generall Reduce - Leading Variable Actions |Options for Combinations

Select Leading Variable Actions.

Action EN 1930 | CEN Leading
Action Description Action Category Load Cases in Action Actions
AZ Imposed IFEY Imposed - Category s | LC2 ¥
[ A B @l Snow (H=1000ma | LC3 | ] |
Ad Wind Wind LC4 ¥

Selecting leading actions in the Reduce - Leading Variable Actions tab

We clear Action A3 in the Reduce - Leading Variable Actions tab, because the Snow load case is only
meant to be superimposed as an accompanying action. This reduces the number of generated
combinations.

Before we confirm the Edit Load Cases and Combinations dialog box, we check if the Generate
additionally Either/Or result combination option is selected in the General tab. This result
combination provides the extreme values of all load combinations (result envelopes).

After clicking [OK], we proceed to the next Table 2.4 Action Combinations. This generates the action
combinations. If we return to Table 2.3 Combination Expressions, we can find 13 Generated Action
Combinations in column J.

2.3 Combination Expressions x

BEEEEFINCO FEEE K> FEE e = a8 R A

E [ F ] G | H | | A

Combin.| Consider Reduce number due to Generated
Express. Imperfection LCs Ex/Inclusive LCs  |Restriction of Load Case | Examining Results Leading Actions Action Combinations
a a a ACT ... AC13(1313)

CE2 a a a a

CE3 a a a a

CE4 a a a O v
£ >

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

Table 2.3 Combination Expressions, Generated Action Combinations column

72 |
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6.3 Creating Action Combinations

RFEM creates 13 action combinations (see Figure 6.8 @ ). They are listed in Table 2.4 Action
Combinations according to actions.

2.4 Action Combinations X
@EE == [3E|© | = B+ FHEE S & E® A%
E] C D [ E F T G H T 1 J [ K s
Action Action Combination EN 1990 | CEN Action. 1 Action.2 Action.3 Action.4

Combin Description Use Design Situation Factor | Mo Factor Mo Factor Mo
1.35G I ULS (STR/GEQ) - Permanent / transie
AC2 | 135G + 1.50GIA = ULS (STR/GEQ) - Permanent / transie
AC3 | 1.35G + 1.50GiA + 0.750s ¥ ULS (STR/GEO}) - Permanent / transie 0.75 [HEEl A3
ACA | 1.35G + 1.50QiA + 0.750s + 0.900w 5 ULS (STR/GEQ) - Permanent / transie 0.75 [HEEl A3 0.90 Ad
AC5 || 1.35G + 1.50GiA + 0.50Qw [ ULS (STRAGEQ) - Permanent / transie 0.90 Ad

AC6 || 1.35G + 1.50Gs ULS (STR/GEO}) - Permanent / transie
ACT | 1.35G + 1.05QiA + 1.500s ULS (STR/GEQ) - Permanent / transie
AC8 | 1.35G + 1.05GiA + 1.50Qs + 0.900w ULS (STR/GEQ) - Permanent / transie

ACH | 1.35G + 1.50Qs + 0.90Qw Sl ULS (STR/GEO) - Permanent / transie

1.50 [HEE A3
1.50 0B A3 0.50 IE A4
EN o N

Ittt

ACT0 | 1.35G + 1.500w I ULS (STR/GEQ) - Permanent / transie

AC11 || 1.35G + 1.05GiA + 1.50Qw [ ULS (STR/GEQ) - Permanent / transie 1.50 Ad

AC12 | 1.35G + 1.05GiA + 0.750s + 1.500w [ il ULS (STR/GEO) - Permanent / transie 0.75 [WEEl A3 1.50 A v
< >

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

Table 2.4 Action Combinations

This overview corresponds to the presentation of actions described in the standards. The Use column
determines, which action combinations are considered for the generation of load combinations. Since
we specified the Q; (Snow) action to be just an accompanying action, its action combinations in which
the action Qs is the leading action are not selected.

64 Creating Load Combinations

When we browse to Table 2.5 Load Combinations, 15 load combinations are automatically
generated from the nine relevant action combinations (see Figure 6.9 @).

2.5 Load Combinations X

EEEE B339 ] FEEE e E e B
A B c E K_ ~
Load Load Combination Lc4
Combin. | p5 Description To Solve No Factor No
col 1351C1 &7 LC1
co2 1.36°LC1 + 1.5°LC2 = LC1
co3 1351C1 + 151C2 + 0.75°1C3 7 LC1
Co4 1351 + 1512 + 0.75°LC3 + 0.9° = LC1 0.90 LC4
CO5 13501 + 1.51C2 + 0.75°LC3 + 0.9° = LC1 0.90 LC4
CO6 1.35°LC1 + 1.5°LC2 + 0.9°LC4 = LC1
1.35°C1 + 1.5°1C2 + 0.9°LC4 + LC5 o LC1 1.00 | NI LCS
135°LC1 + 1.5°LC4 = LC1
1.35LC1 + 1.5°.C4 + LC§ & LC1
135°LC1 + 1.05°LC2 + 15°LC4 T LC1
1.35°LC1 + 1.05'LC2 + 1.5°LC4 + LC = LC1 1.00 [N LCS
135°C1 + 1.05'LC2 + 0 75'LC3+ 15 [ LC1 1.50 LC4
135°LC1 + 1.05'LC2+ 0.75°C3+ 15| [ LC1 1.50 LC4
13511+ 0.75°LC3 + 1.5°LC4 = LC1
1.35°LC1 + 0.75°LC3 + 1.5°LC4 + LC = LC1 1.00 [IETA LC5
< >
Load Cases | Actions | Combination Expressions | Action Combinations | Load Combinations | Result Combinations |

G L Table 2.5 Load Combinations

Table columns D to M inform us about load cases including the respective partial safety and
combination factors.

As required, imperfections can only be found in combination with wind actions Q.
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Projec Navigator Data % Using the navigator shortcut menu shown on the left, we reopen Edit Load Cases and Combinations to
|F RFEM ~ . . . . .
A view the generated load combinations in the dialog box.
23 Model Data
23 Load Cases and Combinations
4 Load Cases Edit Load Cases and Combinstions X
23 Actions
2% Combinstion Expressions Load Cases  Actions Combination Expressions  Action Combinations  Load Combinations  Resuit Combinatians
2% Action Combinations
= Existing Load C CO No. Load Combination Description To Solve
-3 CO1| 2% Edit Load Combinations... =i Co1 135%C1 7 ‘1‘35'Lc1+1.5'tc2+0.9=tc4 +LCs ‘ <
20 €02 B} New Load Combination... Gl Co? | 135%CL+L5C2
-0 CO3/ 5§ Goto Table STR [eek] 1.35%.C1 + 1.5%.C2 +0.75%.C3 General Caloulation Parameters
0 co4 4
B3 Cos| % | Delete All Load Combina SEICO3 | LISEL LIRS 0.75CI #0 | |y Cases in Load Combination COT
!
[ CO6 T35LCT + 1512 = 09°LCA BEICOS | L35CL+ LEUC2 +0.75°1C3 05 | g [ Fador e B o o |
[0 COT: 1.35°LCT + 1.5°LC2 + 0.9°LCA + Sl Cos 1.357.C1 + 1.57L.C2 +0.9".C4 1 1.350 LC1 - Dead Load Al - Pemanent ] 135
[ CO8: 1.35°LC1 + 1514 . 2+0.9%c4 +Lcil 2 LC2 - Imposed load A2- Imposed
(3 CO8: 1.35°LCT + 1.5°LC4 + LCS STR felet] L3591+ 1.5%C4 3 0.900 LC4 - Wind in +Y Ad - Wind [m] 150 060
3 COT0:135°LCT + 1.05°LC2 + 1.5°LCE e 4 1.000 [T LC - Imperfection towards +Y m]
) ERUE EHEl > TR 5L S CO10 | 1.359C1 + LOSULC2 + 1.5%L.C4
9 COT21ITLCN + LOTLED - 0771 I COLL | 1.35%1C1 + LOS®LC2 + 1.5%L.C4 +1C
(3 COT3: 135101 + 10512 + 075°LC g g :
N I S e 150 S €012 | 135901 + LO5C2 +0.75%C3 + 1
3 COT5 1357101 + D753 + 15.C2 S CO13 | 135901 + LO5C2 +0.75%C3 + 1
:} Result Combinations HEl co14 1.35%.C1 4+ 0.75%.C3 + 1.5%.C4
33 Loads G CO15 | 135%LCL +0.75°0LC3 + L5LC4 +1C
3 Results
23 Sections
21 Aversge Regions
(21 Printout Reports
(23 Guide Objects
(23 Add-on Modules v
< >
QlData| (& Display 4 Views
Load Combinations shortcut menu
< > | Comment
@ 2
==l AI(15) < | \ IE:
@ B2 & Cancel

m Edit Load Cases and Combinations dialog box, Load Combinations tab

When browsing the list of Existing Load Combinations, the load cases with partial safety factors and
combination coefficients are shown in the right section. Load cases that act Leading in a combination
are marked accordingly.

The partial safety factors and combination coefficients are available using the [Details] button.

Coefficients - EN 1990 | CEN X

Partial Safety Factors  Combination Coefficients  Consequences Class
Partial Safety Factors for Static Equilibrium

Design Situation

Basic
Action Category Combination  Accidental Earthquake
1A  Pemnanent Actions Unfavorable  6,sup : 110 100 - 1.00 5
Favorable T Ginf | 090 = 100 3 100 3
1B  Pemanent / Imposed Urfavorable 7.0 : 110 100 = 1.00 5
2 Prestress Unfavarable  7p.sup 110 5 1.00 5 1.00 5
Favorable TRnt 090 100 5 1.00 5
3.
6 Variable Actions Urfavorsble 7 : 1503 [ 1o00:] [ 1002
7 Accidental Actions T 100 5

8 Seismic Actions T 1.00 =

Partial Safety Factors for Ultimate Limit State
Design Situation

Action Category CornEl::;ion Accidental Earthquake
1A Pemanent Actions Unfavorable  76sup 135 100 = 1.00 5

Favorable T Ginf 1.00 5 1.00 5 1.00 5
1B  Pemanent / Imposed Urfavorsble .0 | 135-= | 100 = | 1.00 =
2 Prestress o [ 1003 [ 13| [ 1003
8" Vaable Actons Ufavorsble 7o: [ 180 %] [ 100 3] [ 1003
7. Accidental Actions Ta IE S

8 Seismic Actions T 1.00 =

D EEN BEE Cance
m Coefficients dialog box, Partial Safety Factors tab
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We can check the specifications RFEM uses to calculate the individual load combinations in the

Calculation Parameters tab.

2 B =

Edit Load Cases and Combinations x
Load Cases Actions Combination Expressions  Action Combinations Load Combinations  Result Combinations
Existing Load C CO No. Load Combination Description To Solve
B col | 135ce 7 [EE [13591C1 + 1L59C2 +0.9°1C4 +LC5 Q
STR Jeeky 1.35".C1 + 1.5%.C2
51 Co3 1.35%.C1 + 1.5%.C2 +0.75%.C3
1 CO4 1.35%.C1 + 1.5%.C2 +0.75%1.C3 +0.¢
Method of Analysis Options
STR Jeel) 1.35%.C1 + 1.5%.C2 +0.75%.C3 +0.4 . .
STR [ae] 135901 + 1.5%.C2 +0.9%.C4 O Geometrically inear analysis [modify loading by factor: H
135901 + 2+ (®)Second-order analysis (P-Delta / P-delta) Divide resuits by loading factor
Large deformation analysis
STR Jelel:] 1.35%.C1 + 1.5%.C4 Olarg ¥ Activate stiffess factors of:
Posteritical lysi
STR Jeel] 1.35%.C1 + 1.5%.C4 +LC5 (O Postaitical analysis Materials (partial factor )
STE Jesiu] 1.35".C1 + 1.05".C2 + 1.5"1.C4 ctions (Factor for 3, Ty, Tz, A, Ay, Az)
ross-sections r for
S CO11 | 1.35LC1 + 105102 + 1.5%.c4 + Lc| | Method for Solving System of P R
i CO12 | 1.35%LC1 + 1.05%.C2 +0.75%L.C3 + 1| | Noninear algebraic equations: embers (defiiton type)
G CO13 | 1.35%.C1 + L.055.C2 +0.75%.C3 +1 Newton-Raphson urfaces (definition type)
i CO14 | 1.35%LC1 40.75%LC3 + L.5°LC4 Newton-Raphson combined with Picard Activate spedal settings in tab:
STR Jeleht:] 1.35%.C1 +0,755.C3 + 1.5%1.C4 +1C| | @ Picard [IModify stifiness
Newton-Raphson with constant stiffness matrix [JExtra options
Modified Newton-Raphson [peactivate
Dynamic relaxation Consider favorable effects due to tension of members
Incrementally Increasing Loading efer internal forces to deformed
structure for:
[JActivate
) — Normal forces N
Initial load Factor kp: =a ]
- Shear forces ¥yand Vz
Load Facter increment Ak = -1
Moments My, Mz and M7
Refinement of the last lnad
Py 0s Try to calculate kinematic mechanism
: (add low stiffness in first iteration)
Stopping condition for: 0 [[] Apply separate number of load increments =
for this load combination: he
# =
Nods Mo: ANy 3 = |[mm] | []save the results of allload increments
< > Use initial load (not increasing): [ Deactivate nonlinearities for this load combination
== A1 (15) -] e

Checking the Calculation Parameters of a load combination

Generally, load combinations are analyzed non-linearly according to the second-order analysis.
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6.5

)

Checking Result Combinations

When defining the combination expressions, we have the Generate additionally Either/Or result
combination option active (see Figure 6.5 @). This allows for the extreme values of every load
combination to be determined.

RFEM generates a results envelope from the load combinations. The conditions for superimposition are
available in the last tab of the Edit Load Cases and Combinations dialog box and in Table 2.6 Result
Combinations.

Edit Load Cases and Combinations x

Load Cases Actions Combination Expressions  Action Combinations  Load Combinations  Result Combinations

Existing Result Combinations RC No. Result Combination Description To Solve
STRI RC1 2 /GEO) - Permanent | transien 1 [Em@ | [ULs (STR/GED) - Permanent | transient - Eq. 6.10 ]

General  Calculation Parameters

Existing Loading Loading in Result Combination RC1
N (1 Dead Load Factor No. Description Criterion Group
EME LC2 | imposedload
sl LC3 Snow 1.00 (B Co2 1.35°LC1 + 1.5°LC | Permanent 1
Lc4 Wind in =Y 1.35°LC1 + 1.5°LC | Permanent 1
G LCS Imperfection towards +Y 1.00 co4 1.35°LC1 + 1.5°LC | Permanent 1
o1 1.35°LC1 1.00 Cos 1.35°LC1 + 1.5°LC | Permanent 1
coz 1.35°LC1 + 1.5°LC2 1.35°LC1 + 1.5°LC | Permanent 1
1.35°LC1 + 1.5°LC2 + 0.75°LC3 - 1.35°C1 + 1.5°LC | Permanent 1
1.35°LC1 + 1.5°.C2 + 0.75"LC3 + e 1.00 cos 1.35°LCT + 1.5°LC | Permanent 1
1.35°.C1 + 1.5°1C2 + 0.757LC3 + = 1.00 Cos 1.35°LC1 + 1.5°LC | Permanent 1
1.35°LC1T + 1.5°LC2 + D.9°LC4 1.35°LC1 = 1.05°L | Permanent 1
1.35°CT + 1.57C2 + 0.9°1C4 + L 1.35°LC1 = 1.05°L | Permanent 1
1.35°.C1 + 1.5°LC4 ) 1.00 C012 | 1.35°LC1 + 1.05°L | Permanent 1
1.35°LC1 + 1.5°LC4 = LC5 1.00 C013 | 1.35°C1 + 1.05°L | Permanent 1
1.35°LC1 + 1.05°LC2 + 1.5°.C4 X 1.00 CO14 | 1.35°C1 +0.75°L | Permanent 1
1.35°LC1 =+ 1.05°LC2 + 1.5°.C4 + 1.00 Cco15 1.35°LC1 + 0.75°L | Permanent 1

1.35LC1 + 1.05°LC2 + 0.75°LC3
€013 | 1.35°LC1 + 1.05°LC2 + 0.75°LC3
CO14 | 1.35°1C1 +0.75°LC3 + 1.5°.C4

CO15 | 1.351C1+0751C3+15°C4+

F Al (20) i Ba .00 @ |10 Permanent 4 Y4
< > Comment
= | || & ==
[IREINE Cancel

Edit Load Cases and Combinations dialog box, Result Combinations tab

All load combinations are superimposed with a factor of 1.00 and the criterion permanent. They are
all assigned to group 1, which means they act alternatively.

The combination criteria are now completely defined. We can [Save] the current data again.
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7.1

|t |

Calculation r

Checking Input Data

Before we calculate our structure, we want RFEM to check our input. We open the menu

Tools — Plausibility Check

and define the following settings in the Plausibility Check dialog box.

Plausibility Check *
Check Type of Check
Model data (O Nomal
Load data (®) With wamings

(O None, only statistic
Which Load Cases

(O Cument load case Option
enerate FE mes!
@Al Generate FE mesh
Detect collisions of solids

@ Cancel

Plausibility Check dialog box

If no inconsistencies are found after clicking [OK], a corresponding message is displayed with a
summary of the model and load data.

Plausibility Check *

All data has been checked.
No emors found.

Info Model Data  Load Data

Structure Dimensions Structure Weight

Ay 10.150 | [mm] Surfaces: 45619.70| [ka]
Ay 6.300 [mm] Solids: 0.00| kgl
Az 7.587 | [mm] Members: 6508.71| ka]

Total: 52128.40| [kq]

Result of plausibility check

We can find more tools for checking the data by selecting

Tools — Model Check

which can also be applied to our model.
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7.2

Creating the FE Mesh

Generating the FE mesh

Since the Generate FE mesh option was selected in the Plausibility Check dialog box (see
Figure 7.1 @), a mesh with a standard mesh size of 50 cm was generated automatically. The default
mesh size can be changed using Calculate — FE Mesh Settings.
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m Model with generated FE mesh

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

We double-lick node 3 to open the Edit Node dialog box. We go to the FE Mesh tab and select the
Available box (see Figure 7.4 3).

Since no FE mesh refinement type has been defined yet, the New FE Mesh Refinement dialog box
opens automatically.

The Node - circular default setting and the suggested Parameters can remain as they are. After
confirming both dialog boxes with [OK], the FE mesh is deleted.

A spherical refinement area is displayed on the selected node.
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E ode *
Node Coordinates  Support  FE Mesh Mew FE Mesh Refinement e
Node No. No. Node No.
E INE | [3 )
FE Mesh Refinement FE Mesh Refinement Applisd to

(® Node - dircular
(O Node - rectangular

Line - FEdength
- Line - division

Line - gradually
Surface

Solid

Parameters

.
Target FE length

- Iner im]
.

= = S Comment
D | = | ol

‘:D | :( ﬁ Cancel

Edit Node and New FE Mesh Refinement dialog boxes

Now we have to transfer the FE mesh refinement to the second end node of the downstand beam. For
that, we use the Data navigator. We double-click entry T listed below FE Mesh Refinements to open the
Edit Mesh Refinement dialog box.

FE Mesh Refinement After clicking the button, we select the rib's second node graphically in the work window.
Select Nodes
Edit FE Mesh Refinement *
Ee‘liected: No. Node No.
: [1 | 3.2 !El
Clear OK Cancel

FE Mesh Refinement Applied to

(® Node - dircular
(O Node - rectangular

Line - FEdength
Line - division
Line - gradually
Surface

Solid

Parameters

.
Target FE length

- Iner im]
.

Comment

| V||

‘:D @' ﬁ Cancel

Defining the second node graphically using the button

We close all dialog boxes with [OK].
We allow the mesh to be generated again using

Calculate — Generate FE Mesh.

Afterwards we check the refinement areas.
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VAVAS
T ——
. N y
’ z
e L .
i I - -
) L | | ..’
a & e
e = -
m FE mesh with refinement areas
Calculating the Model
7.3 alculating the Mode
To start the calculation, use the menu item
Calculate — Calculate All
or the corresponding toolbar button.
FE-Calculation... *
Running
P Colaaton o —
|Nonlinear Analysis cots
Partial Steps.
|Load Increment Step 1/ 1 Iteration 1 | Maximum Displsgement [mm]
— | Processing Input Data...
~ | Creating 3D Solid FE Stiffness Matrices. .. s
- | Creating 2D Surface FE Stiffness Matrices. ..
— | Creating 1D Member FE Stiffness Matrices. ..
— | Creating Global Stiffness Matrix. .. 3
— | Solving Equation System, Left Hand Side... | Number of 3D Solid FEs i}
- | Solving Equation System, Right Hand Side... |MNumber of 2D Surface FEs 933
. | Determining Internal Forces. .. Number of 1D Member FEs 71
E |D termining 1D Member FE In Forces,, | Mumber of Nodes 951
Mumber of Equations 5706
1
S
G474 > Caleulation process

l 80 l www.dlubal.com



“ Results = RFEM 5 -Tutorial

8 Results on

8.1  Graphical Results

r7| As soon as the calculation is finished, RFEM displays the deformations of the current load case.

. Panel

Global Deformations
u [mm]

127

116

104
93
8.1
6.5
58
45
35
23
12
00

Max : 12.7
Min : 0.0

LY Graphic of deformations for result combination RC1

Selecting load cases and load combinations

As we know from checking the load cases, we can use [ <] and | = in the toolbar (to the right of the
load case list) to switch between the results of load cases, load combinations, and result combinations.
You may also select specific load cases or combinations from the list.

Calculate  Results Tools Table Options Add-on Modules Window Help

= | A4S @RS |EIE 2 Rt - uis 5TRGED) - Permanent strar[[] @ > @ 5@ 6y g
T — LC1- Dead Load 23 =
g l"!'l'f_‘ ﬁ"#'g LCZ - Imposed load w ﬁ'v'ﬁﬂ'i-x'
LC3 - Snow

LC4 - Wind in +Y

LC5 - Imperfection towards +Y
CO1-1.351L21
C02-1.35°LC1 + 1.5°LC2
C03-1.35°LC1 + 1.5°LC2 + 0.75°LC3
C0O4-1.35°LC1 + 1.5°LC2 + 0.75°LC3 + 0.9°LC4
C05-1.35°LC1+ 1.5°LC2 + 0.75°LC3 + 0.9°LC4 + LC5
CO6-1.35°LC1 + 1.5°LC2 + 0.9°LC4
CO7-1.35°LC1 + 1.5°LC2 + 0.9°LC4 + LC5
CO8-1.35°LC1 + 1.5°LC4
CO9-1.35°LC1 + 1.5°LC4 + LCH
CO10-1.35"LCT + 1.05°LC2 + 1.5°LC4
C011-1.35°LCT + 1.05°LC2 + 1.5°LC4 + LCB
CO12-1.35°LCT +1.05°LC2 + 0.75°LC3 + 1.5°LC4
CO13-1.35°LCT +1.05°LC2 + 0.75°LC3 + 1.5°LC4 + LCH
C014-1.35°LCT +0.75°LC3 + 1.5°LC4
C015-1.35°LCT + 0.75°LC3 + 1.5°LC4 + LC5

Figure 8.2 List of load cases in the toolbar

- Permanent / transient - Eq. 6.10
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([Eon]
#| Wireframe Display Model
®  solid Display Madel

@ Solid Transparent Display Model

s

Selecting results in the navigator

A new, fourth navigator has appeared that manages the various result types for the graphical display.
We only have access to this Results navigator when the results display is active. The results can be
displayed and hidden in the Display navigator or by using the [Show Results] button.

Project Mavigator - Results x
=-[¥] ™ Global Deformations

2-[],Za Members

..... ®,La Principal Axes

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

O Mz/My
[]---E‘,L Strains
=-[]® Surfaces

(- [B] ' Principal Internal Forces
[#-[B]® Design Internal Forces
[-[B] ¥ Stresses
(- [E] 2 Strains
(- [B] > Plastic Strains
[-[E]©> Shape

{- ]V Criteria

+-[] 4% Support Reactions
i1 Values on Surfaces
- [B] ) Result Combinations

[E
[E
[E
£

ﬁData @Display ,ZiViews  Results

Results navigator

There are check boxes next to every result category (for example Global Deformations, Members,
Surfaces, Support Reactions). When we select one of the boxes, the corresponding deformation or
internal force is displayed. Next to the entries listed within the categories are more check boxes used
to adjust the desired type of resul.

Now we can browse through the individual load cases and load combinations. The different result
categories allow us to display deformations, internal forces of members and surfaces, and stresses or
support forces.

Figure 8.4 @ shows the internal forces of members M; and the internal forces of surfaces my, which
were calculated for CO13. For displaying internal forces, we recommend to use the wire-frame model,
which can be selected with the button shown on the left.
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=[], 2« Members

@®,% Principal Axes
O, % Member Axes
f-[E],Zs Local Deformations
[, %4 Internal Forces
O N

[E]%> Local Deformations
[El® Basic Intemal Forces
my

Fesm,

C® ny
- [E]9> Principal Internal Forces
- [E]%> Design Internal Forces v

< >
fQData [EfDisplay 2 Views ' Results

Basic Internal Forces
my (kNm/m]
7326
5449
3573
16.97
1.80
ﬂ 2056
3933

H 58.09
o 76.86

9562
11439
13315

Max :  73.26
[ 1 Min : -133.15

E@ 4

G0y Displaying internal forces of members and surfaces

Displaying values

The control panel's color scale informs us about the assignment of color ranges. The result values for
certain locations may also be displayed by checking the Values on Surfaces option in the Results
navigator. To show all values of the FE mesh, we have to clear the Extreme Values checkbox.

=-[A9 Surfaces
[E]® Local Deformations
1 [E]®> Basic Internal Forces

O ngy
i [E]® Principal Internal Forces
5[ Design Intemal Forces

o [H] > Stresses
o [B] > Strains
- [E]© Plastic Strains
£-[H]© Shape
(- [J0V Criteria
[#-[[] 4" Support Reactions
=[] 24 Values on Surfaces
=-[®] ) Values
® 2 my
-0 Groups
O =) Specific
24 Settin
On grid and user-defined points
23 On Surface Grids
-[]33 On Points Set Manually
@33 On FE mesh points
[z Symbols
..... [ Numbering
----- /%) Transparent
(- [E] ™) Result Combinati v

e
e
[
&
e
[c

e [kNm/m]

|23.25lfl43.62 28.20[[43.70 32.20]

es.95][s33 28.00][44.29 23.60]

|25.60ff42.90 27.84[42.97 27.88]

26.18(43.37 28.18(|(43.10 27.38|

(27.04][44. 56 28.97|f[4a.11 25 e8]

Qpata (BfDisplay 4 Views ' Results

Basic Internal Forces

113.00

|
[0.35 -1.23-4.44 -6.e1p0 |-13.88 -zz..
f]

-9.18 -14_ 7]-1701%

-5.23 -8.12

4_2!

4. 3

4. 3

14.16

Figure 8.5 Grid point moments my of floor slab in Z-view (CO13)

7.50 4.06] LB
10.00 6.07] ||-3.14 -4.75][-12 41 -1
10.10 6.26] | —————[izl80 -1
=7.78|-11.90-1601:

-2.20
|[s-03 5.87] Lk 33159 )

2.49 1.25F3 =874 -13.40| =Zl:

1.23 I
1 Ll-4)22 |-9.98 |-18.32 -23.
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f Wireframe Display Model
@&  solid Display Model
||§| Solid Transparent Display Model

[

Results Tables

We can view the results in the tables as well.

Displaying the tables

The results tables are automatically displayed after calculation. Table 4.0 Results - Summary offers a
summary of the calculation process, sorted by load cases and load combinations.

4.0 Results - Summary b
[[B€ BB L&l | co3-135c1+1007 | 4@ & | P ﬁill 3] | =
B [ C 1 D ~
Value | Unit | Comment
[EC013 - 1.35°1C1 + 1.05°1C2 + 0.75°LC3 + 1.5°LCA + LCH

Sum of loads in X -1036.79 | kN

Sum of support forces in X -1036.79 | kN Deviation: 0.00 %

Sum of loads in Y 41.29 kN

Sum of support forces in Y 4125 | kN Deviation: 0.00 %

Sum of loads in £ 1109.74 [kN

Sum of support forces in 7 1109.74 [kN Deviation: 0.00 %

Maximum 1t in X-direction -14 [mm Member No. 2, x: 2.800m

Maximum di it in Y-direction 7.7 |\ mm Member No. 10, x: 2680m

Maximum displ 1t in Z-direction 114 | mm FE Mesh Node No. 437 (x: 3.000, Y: 2.500. Z: 0.000 m)

Maximum vectorial it 11.4 | mm FE Mesh Node No. 437 (X: 3.000, Y: 2.500, Z: 0.000 m)

Maximum rotation sbout X-axis 3.3 | mrad FE Mesh Node No. 56 (X: 0.500. : 0.000. Z: 0.000 m)

Maximum rotation sbout Y-axis -3.7 | mrad FE Mesh Node No. 545 (X: 1.000. : 6.000. Z: 0.000 m)

Maximum rotation about Z-axis -14 | mrad Member No. 10, x: 6.700m Y]
Resuits - Summary | Nodes - Support Forces | Nodes - D 1s | Lines - Support Forces | Members - Local D ions | Members - Global D s | [ ]m

LIRSS Table 4.0 Results - Summary

Use the tabs to view the other tables. To find the internal forces of the floor slabs in the table, for
example, go to Table 4.15 Surfaces - Basic Internal Forces. If the surface is now selected by mouse
click (The Solid Transparent Display Model makes the selection easier), the program jumps to the
surface's basic internal forces in the table. The current grid point, i.e. the pointer's position in the table
row, is indicated by an arrow in the graphic.

phi 0= 2000

4.15 Surfaces - Basic Internal Forces ®
7 EE3E I BEE| o135 10- | @ >|P\ﬁ’|l%|@|ﬂ]
B_] C ] D E [ _F 1 G H I b1 K1 1 ~
Surface | Grid Grid Point Coondinates [m] Moments [l Mm./m] Shear Forces [kN/m] Puial Forces [xN/m]
No. | Point X Y z mx my My Vi vy nx ny Ny
i 1 0000 0000] 0000 -162.72 8659 97.21 64451 233.35 135.90 108,32 2661
2 0305| 0000]  0.000 -105.28 3873 45.84 446.36 169.05 17393 20.26 51.54
3 0610 0000]  0.000 53.44 662 738 28133 102.12 150.76 30,30 52.32
i 1 0914] 0000 0000 157 254 308 173.01 33.41 107.67 18.26 10.12
5 1213 0000 0.000 9.17 €0.03 1141 128.75 1557 8447 007 061
6 1524 0.000[  0.000 21.23 1.72 10.05 109.47 761 69.98 119 0.76
] 2134|  0000)  0.000 3405 146 766 7054 746 6380 -0/54 041
9 2433  0.000]  0.000 38.73 112 571 51.72 651 62.50 -0is0 008
2743]  0000]  0.000 4261 1.04 485 35.23 293 6202 013 049
3043] 0000] 0.000 4534 095 407 2015 028 6177 064 0386 v
Surfaces - Local Defi 1s | Surfaces - Shape | Surfaces - Global Deformations | Surfaces - Basic Intemal Forces | Surfaces - Principal Intemal Forces | D

LAY Surface internal forces in Table 4.15 and marker of current grid point in the model

As seen in the graphic, we can use the list in the toolbar to select a specific load case or [ <] and [# |to
browse the load cases.
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Adjusting the results grid

The surface results shown in the tables are listed in the grid points that are defined for the surface. 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, using the Edit Surface dialog box, we make
modifications in the Grid tab: We select 25 cm for both b and h as the new distance between grid

points.

Edit Surface

Surface No.

General Support / Eccentricity FE Mesh  Hinges

Integrated  Axes

Grid

Modify Stiffness

[1

Grid Type
(® Cartesian
O Polar

Grid Parameters

Grid point count in
# 2]

‘I:IE: Ij:
2 [ 2] [0

Grid distances

[] Customize

Adapt grid distances

Grid rotation

b: 0.2505+|| [m]
e[ 0250 I

o 9000 = +[[1
B: 0003 +| 11

Mumbering

increment: IE :

?| & | @ &

—*fh s

Grid Origin

Coordinate [m]

X

Y:

Z:

Grid for Result Values

Direction of Grid Axis 1

Coordinate [m]
0| x 1000 3 v |1
Y: 0.000 5 »
Z: 0.000 5 »
Cancel

L8y Changing the grid for result values

After clicking [OK], the result values are updated in the table. A recalculation is not required because
the grid point results are determined from the values available in the FE nodes.

4.15 Surfaces - Basic Internal Forces

x
= = EEE €| E | con-13c1-1007 | @ > | P 2| =
A C | D E | F | G I 1l I K I L ~
Surface | Grid Grid Point Coondinates [m] Moments [l Mm./m] Shear Forces [kN/m] Puial Forces [xN/m]
No. Point X Y z M my Mgy Vx Vy Nx Ny Nxy
1 1 0.000 0.000 0.000 -162.72 -86.59 5721 64451 23835 185.90 -10832 2661
2 0.250 0.000 0.000 -115.61 4734 -56.08 482.40 181.51 176.08 -2/85 47.06
3 0.500 0.000 0.000 5845 809 -12.54 320.28 12467 166.26 10261 67.50
4 0.750 0.000 0.000 -34.15 474 -0.26 231.44 7324 13091 51172 3288
5 1.000 0.000 0.000 018 139 1242 14259 21.80 95.56 083 -1.73
[ 1.250 0.000 0.000 1044 0.16 11.27 126.80 1470 829 020 -0.45
T 1500 000D 0000 2069 172 10,13 1101 759 7026 123 082
8 1.750 0.000 0.000 2634 167 533 54.50 774 6731 -0i83 0.14
k] 2,000 0.000 0.000 8200 161 8.52 7878 788 64.37 042 -0.56
10 2250 0.000 0.000 0583 133 6.92 63.35 710 63.30 -0l64 -0.29
il 2500 0.000 0.000 3567 1.05 531 4752 6.31 6224 -0i86 -0.01
12 2750 0.000 0.000 4269 1.04 4.84 3487 2384 62.01 01 -0.50
13 3.000 0.000 0.000 4571 1.04 437 21.83 064 61.79 0163 -0.85
14 3.250 0.000 0.000 46.40 0.57 284 13.07 123 6171 0/68 0.33 | v
Surfaces - Local Deft 15 | Surfaces - Shape | Surfaces - Global Deformations | Surfaces - Basic Intemal Forces [ Surfaces - Principal Intemal Forces | 4]

LU AY Result values of surface 1 with refined grid
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8.3

Filtering Results

RFEM provides different tools to display and evaluate results in a clear and structured way. We can
use these tools for our example as well.

8.3.1 Custom Visibilities

We already used visibilities when we input the steel frame (see Chapter 4.5.1 @ ). This feature is also
suitable for evaluating the results.

Displaying results for the concrete columns

We go to the Views tab in the navigator. Among the Visibilities RFEM generated automatically, we
select Members by Cross-Section and click the Circle 300 entry.

Project Navigator - Views x|
FEE Y EEEE R
User-defined views:
Panel x
Display Factors
Deformation:
. T Member diagrams:
P S |
| : ’ Surface diagrams:
e B |9 S R =
Visibities — :
’ r - - Section diagrams:
u\n‘isibiliﬁes: | 1374 T
=R ) Reaction forces:
2 L3 . : ' : =
=[] &3 Generated | . .
[] 23 Lines by Type |l . . X - | Trajectories:
] 23 Lines with Support '. 4 _ ! . . e
= Iz‘ ‘e Members by Cross-Section e . i
¢ bo[w] M 1-cirde 300 iy . . . ) - Increments:
-] M 2 - Rectangle 250/400 . ; : _ - ) .
] I 3-HE A 300 | DIN 1025-3:1994 . . : _ -
-] M 4-HEB 260 | DIN 1025-2:1995 o IE ‘ :
I:‘ W 5-L 30x80x8 | EN 10056-1:1998 ) ) ’ . : E{ {E E
[ =3 Members by Eccentricity g S . : .
fra B e T Rans L frrars v . : )
4 4 43 9 & : _ : . @' 4
Add new objects into visibility: )
ﬁData ﬂDisplay Aviews T Results

Moments M; of the concrete columns in scaled representation (CO13)

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

Adjusting the scaling factor

To easily read the diagram of internal forces on the rendered model, we scale the data display in the
control tab of the panel: We change the Member diagrams coefficient to 2 (see Figure 8.10 @).
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(2]

Displaying results for the floor slab

In the same way, we can filter by surface result in the Views tab. We clear Members by Cross-Section

and select Surfaces by Geometry instead. We select Plane.

When we change the result type with the [Deformation] button in the toolbar, we get the following

display.

Project Navigator - Views x
A [E (2] [ = = = =

User-defined views:

| e % %K
Visibilties
o % (%) (%] [@]E
[A visibilities:
[] 2 Lines with Suppert s

[ 2 Members by Cross-Section
[ 23 Members by Eccentricity
[ 23 Members by Hinge
[ 23 Members by Material
-] 2 Members by Type
-] 22 Nodes with Support
-] 23 Surfaces by Eccentricity
-[¥] &3 surfaces by Geometry
il O Plane
“..[] O Quadrangle
-] 22 surfaces by Material
1 5% 1 o b

ECNEERERE =

Add new objects into visibility:

iData = Display | 4 Views| © Results

Figure 8.11 Floor deformations (CO13)

As described earlier, we can change the display of result types (deformations, internal forces, stresses,

and so on) in the Results navigator (see Figure 8.3 @).

Displaying the steel construction's deformations

We clear Surfaces by Geometry in the views navigator and select Members by Material. We select

Steel S 235.

Visibilties
A - TR ) T

Visibilities:

IE | User-defined
B o Generated

[] 23 Lines by Type
[] 23 Lines with Support

[] 3 Members by Cross-Section
[] 23 Members by Eccentricity

by Hi

i.[] B 1-Concrete C30/37
[#] M 2 -Steel 5 235

[] 23 Members by Type

[] 3 Modes with Support

[] 23 surfaces by Eccentricity
] £3 surfaces by Geometry
[] 23 surfaces by Material

[] £ surfaces by Stiffness
[] 23 surfaces by Thickness

LAY Filtering steel members in the Views navigator

Now the graphic displays the steel construction's deformations as lines.
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It is also possible to display the cross-sections' deformations. For that, we switch to the Display
navigator and activate

Results — Deformation — Members — Cross-Sections Colored.

Project Navigator - Display x
-] ¢ Model A
: [J4 Loads
BEE Results
[][F Result Values
- [#][F Title Info
[¥I[F Max/Min Info
-[E] & Deformation
B =] Members
[ Lines
OIF Cross-Sections
@B Cross-5ections Colored

Extremes ¥
«[_1[f} Local Torsional Rotations

- 1[f Supports : :
..[1JF] Modal Displacements ]
-1 Connecting Lines . i
-.[_1[F] Results on Couplings . .
-] Outlines of Deformed Surfaces ¥
. ][] Local deformation on null surface !

Global Deformations
u [rmm]

Options :
E Members Refer to
[ Surfaces
-[E[ solids (®) Maxfmin
[B][ Type of Display ) Customize. .. =
EE Ribs - Effective Contribution on Surfz Max : 8.5 O Limits:
[][F Result Bearmns Min : 0.4 °
-[1JF Results Within Column Area ’
[5][F Support Reactions
-1 Transparent . [ 3mooth color transition
(VI FEMesh :
-[B] #Z Sections

[#/¢h Average Regions [[]5how level curves with
-[B] 5 Guide Objects interval

-[E]&Y General v @ + m

FIENS

<
ﬂData \gDisplay jViews S Results

Steel cross-section deformations (CO13)

Using

In CO13 for example, L-profile deformations are not displayed. We have defined this member to be a
tension member. However, the deformation shows us that compression forces are occurring. They lead
to the failure of the diagonal, rendering the member ineffective in the system.

, Smooth color transition can be activated in the panel.
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8.3.2 Results on Objects

Another possibility to filter results is using the control panel's filter tab where we can specify numbers of
certain members or surfaces to display their results exclusively. In contrast to the visibility function, the

model will be displayed completely.

First we clear Visibilities in the Views navigator.

Project Mavigator - Views x
ITE IEEEEE

User-defined views:

e %% %K
Vigibilties

= NENE TR
ID\ﬁsibiliﬁes: |

[®] 3 Generated

E1REUE N W REEE

[ Add new objects into visibility:

aData @Display ,ﬁ\c‘iews  Results

Resetting to overall view in the Views navigator

In the results navigator, we set the members' axial forces N to be displayed. If results for Surfaces are

displayed as well, we deactivate them.

Project Mavigator - Results x

@[] Global Deformations
2-[w], La Members

..... @) L. Principal Axes

..... O, Ls Member Axes
[-[M], L Local Deformations
o e
@ N

O"}; VyVu

O ViV

[-[B], L Stresses

- [M], La Strains
-] Surfaces
[-[J0D Criteria

[-[] 4% Support Reactions
[

[

#-[]1 Distribution of load
i1 Values on Surfaces

aData @Display ,ﬁ\c’iews  Results

Displaying member axial forces N in the Results navigator
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[

Special selection

To display only the axial forces of columns, we select all members in vertical position

the Special Selection dialog box

Edit — Select — Special

or the corresponding toolbar button.

We go to the Members category and select the Parallel to member checkbox.

. To do so, we use

Special Selection

Model Data  |pads

Category

Activate Category
Nodes

Lines

Materials

Surfaces

Solids

Surface Supports
Cross-Sections
Members

FE Mesh Refinements

a
]
a
a
a
a
]
a

8/ (3% 2

Status
(®) Add

(O Select from cument selection

() Remove from cument selection

2| =i

OoooooooOo =

®0r
O And

Members

] With length:

[ With beta:

[ With help node:

] On nodes:

Parallel to member:

[1

[[] Same as member:

[Jin range:

s

aien

o

oK Cancel

Selecting parallel members

Using , we select one of the column members in the work window. After closing the dialog boxes

with [OK], all members in vertical position are selected.

Showing axial forces of columns

In the panel, we go to the filter tab and select Members.

We click , which enters the column members' numbers into the box above. The axial forces of the

rib, horizontal beams, and purlin members disappear in the graphic.

| 90 |
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-

Panel

Show diagrams for
members No.:

[BLA .

. s 2/ =
Ey e . N
Import from Selection T~ ||
® WMerbers | ol aml
) Sufaces | 1 B
tozea L - i
[
- ) 1 . -
& 4 a -8 a8 ¢
. ) < g | |
Axial forces of columns (CO13)
8.3.3 Range of Values

Using the panel's color scale tab, we can filter by result values.

First, in the Results navigator, we clear the check box for member results and instead display the basic
internal forces ny of surfaces. In this case, the forces are axial forces acting in the direction of the local
surface axis x. The axis x of the curved wall surface points downwards.

Project Mavigator - Results x
@[] Global Deformations -
(-, % Members
EIIEQ Surfaces
[B]® Local Deformations
El [B] > Basic Internal Forces

(- [B] Principal Internal Forces W
ﬂData IE,iDisplay ﬁ\ﬁews  Results

Gy Displaying basic internal forces ny

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. These are
singularity effects.

To cut the peak values for the evaluation, we switch into the panel's color scale tab. We double-click
the color scale, which opens the Edit Isoband Value and Color Scales dialog box.
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Panel X

Basic Internal Forces
ti [kMAm]

214.05
-320.44
-854.92

-1389.41
-1523.30
-2458.38
-2992.87
-3527.35
-4061.34
-4596.33
-5130.81
-5665.30

Max : 21405
Min : -5665.30

xT 4

Edit Iscband Value and Color Scales

Value Scale

Default

-284.89 1%
EmmEp |
[ E-Format

Color Scale

Double-click on the color panel
to change colors.

Default

L

[ Apply to all resutt

diagrams

LY

OK || Cancel

G0 Changing extreme value for display and [Fillling the value scale

We reduce the compression forces' extreme value as shown in the figure above, for example -570
kN/m instead of -5665.30 kN/m for CO13. After that we subdivide the spectrum into equal sections
between the top and bottom limit values by clicking the [Fill] button.

After confirming with [OK], the force distribution is more differentiated. The zone where lifting forces
occur is now clearly visible. Locations of singularities not covered by the color scale are represented

without color.

ti [kMAm]

Min

Basic Internal Forces

214.05
14277
7150
0.2
-71.06
-142.34
-21361
-284.83
-356.17
-427 45
-438.72
-570.00

Max : 21405
: -5665.30

L J

-
-

-
-

(| 3

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

[ o2 |
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8.4

Edit Line...
Edit Member...

Delete Line

Delete Member

Divide Member 3

Create Node 'On Linge’ 3

Connect Members...
Extend Member...

Set Parallel Member...

t| BExtrude Member into Surface...

Extrude Member into Grid...

Reverse Member Orientation

Create Set of Members...

Center of Gravity and Info...

s

Result Diagrams...

Move/Copy...

Rotate...

Mirrar...

Local Axis Systems of Lines on/off
Local Axis Systems of Members on/off

Member Orientation on/off
Display Properties...

Visibility by Selected Objects
Visibility by Hiding Selected Objects

Member shortcut menu

Displaying Result Diagrams

We can also evaluate the results in a diagram that is available for lines, members, line supports, and
sections (see Chapter 8.5 @). We can use this feature to take a closer look at the result diagram of the
downstand beam.

We hide the surface results. After that, we go to the panel's Filter tab and reselect the All option for
member diagrams (see Figure 8.17 @).

We right-click member 3 and select Result Diagrams on the shortcut menu.

A new window opens showing the rib member's result diagrams.

“J Result Diagram on Member - ] b4
Members No: 3 - > N ©
2 EH &R L= -
|5 | co13135+C1 <1055~ @ >
0.000 1.000 2000 2.000 4.000 5.000 8.000
L i i \ b . 1 . f . f . b [ 3206E| . Ofeed
+ @iPrincipal Axes! N3 S [
© Member Axes Global Deformations - u [mm] T —— -
- [] Global Deformations "

#lu ml [mm]
~ux - 0000 09 A
-Ouy ] ; : ; : : : : ; 0.000 09

Ouz ' 0125 1.0

Hox : 0.125 1.0
Lo : : 0.250 1.1
Hez @ = |zamm 0.250 11

E
= Iacal Deformations 0375 12 v
Ux

O uyfuu [ Max/min only ] Ends only

O uzfur
~Hex Ll Leleaoe L nlLi L Internal Forces M-yild-u
Toeyou N x Wy/M s
-dezlov &_; m] [kNm]

o
%) [ Internal Forces &7 g |- oo 2624 A

On fui N ; 0.000 -26.24
- ViV : : : : : "™ 0a2s -36.67
- Vavy i ; i i i " g5 -36.67
-l Mr & ; : : . 8 0.250 -15.56
B MM ® 5 2 [1emkim 3 = 0.250 1338

I M=/My - g S = E 0.375 347 v

b v [ Max/min only ] Ends only

= [H] Strains
ex
O Internal Forces - VL [kNim] ntermal Forces VL

i 5 i [kl\\l’; ]

O« ad 8 = i

O g7 B 2 § — 0000 3332 A
~Ldxy ) o s o @

O« ; & g ] 0.000 -333.12
: - = ™ pazs -513.01
i
15TkNM | g - : I 0.125 510
8 2 o . 0.250 -460.83
= g b ogE 0.250 -460.83
g 3
. s s g" 0375 42150 v
MResums 0 a [ Max/minonly ] Ends only .
Start XY,2: 7.0,6.0,0.0m End XY,z 7.0,00,00m Order: 3| .

Showing result diagram of downstand beam

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

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

The || and |# | load case selection buttons are also available in the result diagram window. We can
also use the list to set the results of a load case.

We close the Result Diagrams feature by closing the window.
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8.5

X' 0,000
W -3.000
I 0000

Selecting the center of line 1

Creating a Section

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

We create a new section with

Insert — Section

or by using the section shortcut menu in the Data navigator.

Project Mavigator - Data

T RFEM

(2-¥ Tutorial [Examples]
H-- ) Model Data

e IO e O B

H
H--|_J Loads
H--| ) Results

--|_J Load Cases and Combinations

..... B sctiong!
..... | Averag
..... | Printo E New Section...

B-8-0
BEE
2x o
£e
acse
;

M

aData @Disp General Data...

£l

Units and Decimal Places...

Display Properties...

s

Sections shortcut menu in the Data navigator

In the New Section dialog box, we enter the Section Name Center because we want to define the
section along the plate center.

We define the section's edge points graphically using : We first click the midpoint of line 1 (global

coordinates: 0.000/3.000/0.000), then arc node 5.

MNew Section *
Section Name
|Center
Section Through Section Type
(® Surface (® Via Plane
Solid (ZOnline No.: X
Edge Points of Section
R fml sa: | 1000020 ml )
vai [ SO0ZR| Wl ves| 30002k i
Za: fml zo:[ 00002 mi o)
Section on Surface - Projection Direction
Ox (® Vector  ayx: 0.000=+|| [m] ,ﬁ
Oy ay: 0.000:5+|| [m]
Oz az: | V00O
Show Result Diagram in Options
Plane: Local in +z ~ Save section
[] Show values on isclines
Onfface oo Show result diagrams in dialog box
] [
2 i@ Cance

Defining the section

We leave the remaining default settings as they are and confirm the dialog box with [OK]
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The familiar Result Diagram window appears. In the navigator, we check the boxes for global
deformations u and basic internal forces my and ny. The results of surfaces ST and S2 caught by the
section are displayed continuously on a line.

@ Result Diagram in Section

MEETENTTE

|B|5& | cot13:135%C1 « 105 - @ B

2w o e A | |

Mavigator 0.000 5.000 10.000 14.000 m
1 1 L I = -—7 m [C]Fixed
EL i s i 3 ’ =
[¥lu Global Deformations - u [mm] T — "
~Lux x u
~Our il frm]
Cuz - 0000 63 A
~[ex == - o e 0000 63
18 “ °
~Oor s 0.500 79
ez 0.500 79
- [9] Local Deformations 1,000 29
- [H] Basic Internal Forces 1.000 39
%m* 1500 98 v
[y
Oy [Max/minonly  []Ends only
Ovx
: |:| vy Basic Internal Forces - nx [kN/m] Basic Internal Forees nox
[#] nx - [x] nx
. ny - = - =5 W Nm]
Ampe B o 3 N -~ 0000 048 A
[=] Principal Internal Forc - = i - 0.000 0.48
- ] Design Interna! Farce: Z W Sl : 0500 -140
- [B] Stresses - ] : 0.500 -1.40
oi
« g 1.000 -2.97
2 ° 1.000 2907
- [B] ¢2quRrznkine ] 1.500 423 v
(] Geqrscn [OMax/minonly  []Ends anly
- [9] Strains
: E‘ EMises Basic Internal Forces - mx [kNm/m]
Basic Internal Forces m-x
X X mx
= g ] khim/m]
Bac 2
[E] Isotropic surface char L AB17 KN - - Eggg E-j: ~
- [&] Plastic Strains m 8 - 0 47
[E] Fracturing Strain o 0.500 746
- [E] Criteria T/’E g 0.500 7.8
- [B] Distribution of load 1.000 15.07
1.000 15.07
M 5 1.500 222 v
Results b OWax/minonly [JEndsonly |

| start X%z 0.000,3.000,0000m | EndXY,Z: 10000, 3.000, 0000 m

| Vector XY,z 0,000, 0.000, 1.000m | ]

Section display in the Result Diagram window

After we [Close] the Result Diagram window, we can see that the section is displayed in the RFEM
work window as well. In it, we specify the basic internal forces m,.

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

Using the filled display option for sections available in the Display navigator, we can highlight the

moment diagram in the model.

Project Mavigator - Display

[]---E% Model
-4 Loads
- [¢] [ Results
(- [/]EH FE Mesh
=- IE{% Sections
[#]#= Descriptions

[]#= Draw in Foreground
JE2P2A Result Diagrams Filled]
[#]#= Hatching

== Al Values

[]---Eé Average Regions

[-[B] 5§ Guide Objects

[]---IE& General

(- [_]E Numbering

ﬁData | ﬁDisplay

_é\c'iews  Results

Display options for sections in the Display navigator
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5
., =
-] Global Deformations 1]
[ 1. L. Members +—17
d
’ "]
e -
R e T
8 P
[#-[E]® Principal Internal Forces

[QlData (B Display 4 Views © Results

[P Showing the section in the model
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9 Documentation mN

9.1  Creating a Printout Report

We do not recommend to print the complex results of an FE calculation directly. For that reason, RFEM
first generates a print preview - the "printout report". It is used to determine the data we want to include
in the printout. Moreover, it is possible to add graphics, descriptions and scans.

We open the printout report using

File — Open Printout Report

=Y or the corresponding button. A dialog box appears where we can select a Template for the new
printout report.

MNew Printout Report *
No. Description
| 1 | |Input data and reduced results | =

Printout Report Template
1 - Input data and reduced results ~ D =

@ Cancel

New Printout Report dialog box

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

@, Printout report - PR1: Input data and reduced results™ - [m] x
File View Edit Settings Insert Help
EEEEE e #EARLE- MR REED P AR
Printout Report Navigator x ~
=28 Printout Report
=8 RFEM ) - s
[} Model - General Data e e e S i
[T FE Mesh Settings ey MODEL
-2l Model
[3 11 Nodes et B Mode: Tl fme 208200
[ 1.2 Lines ot e ot o
[ 1.3 Materials MODEL - GENERAL DATA
= [ 14 Surfaces R - e
[ 1.4.2 Surfaces - Integrated Objeq T i dim i 2 -
G bcaton o i s vl Actordnat Sandard: BN 1280
[3 1.6 Openings Ee— " kst fee: 21 EU
= 1.7 Nodal Supports s e o oo
[ 1.8 Line Supports o E :m.!f;fm
[ 1.13 Cross-Sections S
[ 1.14 Member Hinges o u::xm:
[ 1.15/1 Member Eccentricities - Absc -
[ 1.15/2 Member Eccentricities - Relat e ——
= 1.17 Members a oo e
= 1.18 Ribs
[ 1.23 FE Mesh Refinements i -
() Load Cases and Combinations G aam
20 Loads 50
£3- Results - Load Cases, Load Combinatiof === el T
47 4.0 Results - Summary B Acktomember g for b i
£ 4.1 Nodes - Support Forces B Lt chion o mmine s ks e an
[ 43 Lines - Support Forces Seem W rmad T g Sag = T
[ 4.12 Cross-Sections - Internal Forces Mmoo plorm il of e e = s
(-2 Results - Result Combinations LT e LT
[ 4.1 Nodes - Support Forces
[ 4.3 Lines - Support Forces
[ 4.12 Cross-Sections - Internal Forces TeEme—
X ] L Y . Z ] Commen
[y [ [
a0 som com
700 som 0om
7000 dom om0
12000 10m 0om
700 Som Zom
7000 am +om
12000 T0m Zom
3000 Tom oom
2000 200 0.000
3500 Zom 0om
S5m0 Tom S0
g som 2o v
< >||< >
MODEL Pages: 45 Page: 1

Print preview in the printout report
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9.2

Adjusting the Printout Report

The printout report has a navigator similar to RFEM's that lists the selected chapters. When we click a
navigator entry, the content of the corresponding chapter is displayed on the right.

The default content can be managed in detail. We adjust the output of the member internal forces: We
right-click Cross-Sections - Internal Forces in Results - Result Combinations and click Selection on the

shortcut menu.

Printout Report Navigator

3 Printout Report

oy RFEM

----- [ Model - General Data
----- [ FE Mesh Settings
-1 Model

H

t-| ) Load Cases and Combinations
f--| ) Loads
|

Frn e

)

E 4.0 Results - Summary
[ 4.1 Nodes - Support Forces
[ 4.3 Lines - Support Forces

Results - Result Combinations
[ 4.1 Nodes - Support Forces
[ 4.3 Lines - Support Forces

=

- Results - Load Cases, Load Combinations

[ 4.12 Cross-Sections - Internal Forces

Remove from Printout Report

Start with New Page

Selection... L\\,
Properties...

Cross-Sections - Internal Forces shortcut menu

A new dialog box appears, offering detailed selection options for RC

Figure 9.4 @).

| Program
iRFEM

@®al
(O selected (1)...

Tables to Display

Global Selection  RC Results

Resuft Combinations to Display

Display Table
] | 4.1 Nodes - Support Forces Al
[ | 4.2 Nodes - Deformations Al
] | 4.3 Lines - Support Forces Al
[0 | 4.4 Members - Local Defomations Al
[0 | 4.5 Members - Global Deformations Al
[0 | 4.6 Members - Intemal Forces All
O [4.7 Members - Contact Forces All
O | 4.8 Members - Strains All
[ | 4.9 Members - Coefficients for Buckling All
[ | 4.10 Member Slendemesses Al
[ [4.11 Sets of Members - Intemal Forces Al
4.12 Cross-Sections - Intemal Forces Al
[ | 4.13 Surfaces - Local Deformations Al
[ | 4.14 Surfaces - Global Deformations Al
L v laarc x oo LT | an
Details - Internal Forces by Cross-Section X
Display Display Max/Min Internal Forces
[1Nodal values N
| [ Partition values [JVy /Vu y /£ My
[] Extreme values VeV Mz My
Extreme values of
cross-sections
| Display
|
| []Cover sheet... =
|
(JL Goreenta ) oK ol
| Info pictures
| T ToETT™ET i
Uppercase ttles e =
| [@

Reducing output of internal forces with Printout Report Selection

Number Selection (e.g. "1-4.8)

corresponding load cases

OK

results of members (see

Cancel
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We click into the Cross-Sections - Internal Forces row. The [ button appears, which we use to open the
Details - Internal Forces by Cross-Section dialog box. We reduce the output to the Extreme values
of cross-sections N, Vz, My, and M.

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

&, Printout report - PR1: Input data and reduced results — O e
File View Edit Settings Insert Help
BREaEBd s vu BRLASG-IMBEEED L a80
T ~
= 4,12 CROSS-SECTIONS - INTERNAL FORCES [
Member Node Location Forces [kN] Moments [kNm] Corresponding
No RC No x[m] N n Vy n Vi Mr n Wy n M: Leoad Cases
Section No. 1: Circle 300
Z RC1 4000 | MAXN |7 10555 164 EN:] 0.00 T3 2114 [CO9
1 RC1 13 0.000 MINN = 17510 822 3.14 0.00 0.00 0.00 | COS
1 RC1 2 4.000 MAX Wz -12488 223 - 142 0.00 59 -837 | CO1S
1 RC1 13 0.000 MIN Vz -16288 499 |- 369 0.00 0.00 0.00 |CO2
1 RC1 13 0.000 MAX My 12114 326 225 0.00 > 0.00 0.00 | CO1
1 RC1 2 4.000 MIN M, -15338 452 334 0.00 - 1427 -1932(Cco2
2 RC1 1 4.000 MAX M, -14413 -13.51 225 0.00 -9.57 |- 2633 | CO13
1 RC1 2 4.000 MIN M, -163.80 450 3.07 0.00 -13.17 |- -19.32 | CO3
Section No. 2: Rectangle 250/400
3 RC1 3000 | MAXN [ 237141 579 518 153 207.08 0.2 [C05
3 RC1 3 0.000 MINN = 41.70 -13.31 148.00 -588 -32.91 1369 | COM
3 RC1 0125 MAX V: 2363 14872 [ 23233 -268.41 3275 6848 | COS
3 RC1 5875 MIN V. 31.03 12838 | -224.58 3134 -21.79 1014 | CO3
3 RC1 3.000 MAX M, 214 579 518 -1.53 B 207.08 0.29 | COS
3 RC1 3 0.000 MIN M, -29.41 1367 14253 966 -39.35 1331 | CO13
3 RC1 3 0.000 MAX Mz -41.70 133 148.00 -568 -33.91 |- 1368 | CO11
3 RC1 0.500 MIN Mz 10.53 468 175.80 -2847 3206 |- 759 [COT
Section No. 3: HE A 300 | DIN 1025-3:1994
8 RC1 20 6058 MAXN |+ -155 0.00 359 0.00 0.00 0.00 [CO&
4 RC1 1 0.000 MINN B~ 40.52 112 -3226 0.08 4776 -231(C012
T RC1 4 0.000 MAX V; -39.44 016 [+ .33 -0.04 -51.81 -39
4 RC1 0.000 MIN Vz -40.35 -1.88 [ -3267 010 5219 -913 | COS
4 RC1 0.000 MAX My, -40.35 212 3267 010 | 5222 -986 (CO4
T RC1 MIN I, -39.42 010 31.33 -0.04 | -51.84 -316 | CO5
(3 RC1 MAX M 39.44 976 2586 -0.05 4790 |- 3189 | CO13
4 RC1 MIN My -29.80 £.07 -26.17 0.09 4959 | -18.36 | CO2
Sectiol B
M RC1 MAX N = -12.41 224 1873 0.01 -10.88 -138 | CO8
10 RC1 MINN i3 -30.66 0.00 £0.05 0.00 2156 0.00 |CO3
10 RC1 MAX Vz 223 359 |- 219 -0.05 -30.85 -042 [ CO15
M RC1 MIN V= -1278 224 [+ -31.99 0.04 -30.13 -024 (CO13
M RC1 MAX My -15.81 0.00 0.04 002 p 2467 -539 | CO14
10 RC1 MIN M, -26.40 359 215 -0.05 -31.87 042 (Co13
" RC1 MAX M 2274 0.08 31.30 -0.01 -29.87 [ 0.05 | CO3
10 RC1 MIN Mz 26.42 0.00 0.22 -0.02 2259 | -820 | CO13
Sedtiol
12 RC1 MAX N | 0.00 .00 0.00 0.00 0.00 0.00 (CO1
12 RC1 MIN N = 0.00 0.00 0.00 0.00 0.00 0.00 | CO1
12 RC1 MAX Vz 0.00 0.00 |» 0.00 0.00 0.00 0.00 (CO1
12 RC1 MIN V2 0.00 0.00 | 0.00 0.00 0.00 0.00 [CO1
12 RC1 MAX My 000 0.00 0.00 0.00 - 0.00 0.00 | CO1
12 RC1 MIN My 0.00 0.00 0.00 0.00 - 0.00 0.00 [CO1 v
< >
RESULTS Pages: 37 Page: 35

Extreme values of cross-section internal forces N, V;, My, and M; for RC1 in the printout report

In the same way, we can adjust any other chapter for the printout.

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

|r7|

(2]

Printing Graphics in the Printout Report

Generally, graphics that illustrate the documentation are included in the printout.

Printing deformation graphics

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

In the work window, we set the Deformations to be of RC1 - ULS (STR/GEO) and position the
graphic accordingly. We hide the Sections in the Results navigator.

RFEM provides two results for each result combination - the maximum and minimum extreme values.

Both values are displayed in the graphic at the same time. For our printed graphic we reset the display
to show only the Max Values.

€9 RFEM 5.14.04 164 - [Tutorial [Examples]*] - b

E® File Edit View Inset Calculate Results Jools Table Options Add-on Modules Window Help - x

DEIPERBR D AIQR T (BT % - usewos -pomment/ o= ¢ > £ 1S5 ¢ Rt HEREREL (O B,
YK ke M Pt BB ¥ GE S 1EEAT RAXGS RART- A & M legre

Project Navigator - Results a x
[} Global Deformations
®Mu
O ux
-OF uy
-OF uz
O ox
O oy
-OF oz
[, % Members
e Surfaces
[B]%> Local Deformations
-[El® Basic Intemal Forces 46
-[El® Principal Interal Forces < Y _ 35
[E]® Design Internal Forces T2 - et y 23
[B]%> Stresses - i 12
[ Strains 00
[El® Plastic Strains
[E] Shape
[ Criteria
4" Support Reactions
[ 22 sections
ales on Surfaces
- [H] ) Result Combinations
@[ MaxValues
1O Min Values
{.OF Maxand Min Values

Panel x

Global Deformations

u [mm]
127
1186
104
93
81
€9
58

Max : 12.7
;0.0

Qlpata (& Display A Views | Results

Grd Point [SNAP GRID [CARTES [OSNAP [GLINES [DXF €5: Global XYZ _ Plane: XY % 00Wm Y- 500m 7 0000m

Displaying the maximum deformation results of RC1

We now transfer the graphic to the printout report using
File — Print Graphic
or the corresponding toolbar button.

The Graphic Printout dialog box appears (see Figure 9.7 3 ).

[ 100 ]
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Graphic Printout

Graphic Picture

(O Directly to a printer... =
(® To a printout report: PR1:Ir ~
(O To the Clipboard
() To 3D PDF
Graphic Picture Size and Rotation
Use full page width
Use full page height
(® Height: 6012 page]

Rotation: 01

Header of Graphic Picture

General Options Color Scale  Factors  Border and Stretch Factors

Window To Print Graphic Scale

(®) Current only () As screen view
More... (® Window filling

() Mass print... OToscale 1: 0o

Options

Show results for selected xdocation in result
diagram

[] Lock graphic picture {without update)

Show printout report on [0K]

|Global Deformations u

@

Cancel

Graphic Printout dialog box

We set up the print parameters as shown in Figure 9.7 @. We do not need to change the default

settings in the rest of the tabs.

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

& Printout report - PR1: Input data and reduced results*

File View Edit Settings Insert Help

EBERKd e v B HSE-[RIKG

EB0 fHA D

Printout Report Navigator
[=+-i2¥ Printout Report
(=28 RFEM
i [5] Medel - General Data
[ FE Mesh Settings
&3 Model
7 1.1 Modes
3 1.2 Lines
-~ [0 1.3 Materials
P 14 Surfaces
T 142 Surfaces - Integrated Objed
7 1.6 Openings
£ 1.7 Modal Supports
[ 1.8 Line Supports
~[7 1.13 Cross-Sections.
+ 3 1.14 Member Hinges
-3 1.15/1 Member Eccentricities - Absd
[ 1.15/2 Member Eccentricities - Relat
T 1.17 Members
[ 1.18 Ribs
~ [ 1.23 FE Mesh Refinements
|2 Load Cases and Combinations
(2 Loads
-2 Results - Load Cases, Load Combinatiof
T 4.0 Results - Summary
[ 4.1 Nodes - Support Forces
- [ 4.3 Lines - Support Forces
- [ 4.12 Cross-Sections - Internal Forces
=128 Results - Result Combinations
P 4.1 Modes - Support Forces
£ 4.3 Lines - Support Forces
[ 4.12 Cross-Sections - Internal Forces
2« J Global Deformations (S

RESULTS

=E
1

f— O |m

GLOBAIL DEFORMATIONS u

mmame

RC 1-ULS (STRIGEO) - Pesriamert / sarmsient - £3_6.10
= o u
Rl ot Comirusions: M Viduss

. i

Max u: 12.7, Min u: 0.0 )
i 71.00

Factor of

RESULTS Pages: 36

Page: 36

Deformation graphic in the printout report
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Printing result diagrams

Finally, we want to document the distribution of internal forces in a steel purlin. Again, we close the

printout report with [X].

In the RFEM work window, we right-click member 11 (purlin on high eave). In the member shortcut
menu (see Chapter 8.4 @), we select the Result Diagrams option to access the result diagram.

esult hagram on ember -
“P Result Diag Memb m|
Members Mo 11 M- >
B B R &L 9 > |[2|m e oA | AR
|E]|%& = RC1: ULS (STR/GEO) - Per = @
x 0.000 1.000 2.000 2000 %000 £.000 €000 600m -
Navigator 11 ¢ ) | =4 | 0 | 0 | | | L #‘ X 23295 m] [ Fixed
-(® Principal Axes N18 *MiTs M2
. Member Axes Internal Forces - Vz/Vy [kN] Internal Forces WVoz/iy ~
= [B] Global Deformations . x | Vz/Vy
~u - g 8 - [m] [kN]
~ux ] = g T ¥ oo 372 A
~uy P e 2 “ o = = huck ‘_' -— 0.000 21.13
- 2 3 w .
~Ouz & B o - - 2 i : : 0.000 3172
- ox ; : == @ e o o z 0.000 2113
Lov = PR - @ al = & 0.670 2534
oz _ o 2 = d 0,670 16.87
E U(El Durmatluns = & 1.340 18.96
= nterna orces;
[ Max/min only ] Ends only
~IN
ViV
V2 Internal Forces - MyMu [kNm] Internal Forces M-y/M-u
- OMr x Wy /My
- [ My g m] [kNm]
I MM, g - - 0000 1892 A
& Strains 5 o - 0000 -29.01
=[] Result Combinaticns S =] 0.000 -18.92
) Max Values Q o % 0.000 -29.01
- O Min Values © o z : 0.670 -595
. (8 Max and Min Valu ' 2018 kHm 0.670 -10.13
- 1.340 664 w
< * [IMax/min only ] Ends only
Results 4 b v
Location  2.329 m |Startx¥z: 0.0,60,-38m  EndXYZ 7.0,60,-38m | Order 11| .

Shear force and moment diagram of purlin

The window shows the result diagrams of RC1. For the printout, we select only the internal forces
Vz/Vy and My/My. The result diagram shows the Max and Min Values.

Using '3/, we open the Graphic Printout dialog box. We can keep the default settings in the General
tab. In the Options tab we change a few things.

Graphic Printout

Factor: 15

Print Quality

(® Standard {max 1000 x 1000 pixels)
(O Maximum {max 5000 x 5000 pixels)
(O User-defined

Factor:

[ 1k

10005

Frame

) Framed

General Options  Color Scale  Factors  Border and Stretch Factors
Script Symbols

(O Proportional (® Proportional

(® Constant (O Constant

[ Title bax...

Color
() Grayscale
(O Texts and lines in black

(® All colored

Cancel

Graphic Printout dialog box, Options ab
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We transfer the graphic to the printout report with [OK].

& Printout report - PR1: Input data and reduced results™ - ml X
File View Edit Settings Insert Help
Rkl e v B fLs- RN EEED Lad Q)
Printout Report Mavigator X ~
-8 RFEM -

L. [ Model - General Data
" [ FE Mesh Settings

-8 Model

Pae =
Sreat 1

RESULTS

~ [0 1.1 Nodes
[ 12 Lines
- I 1.3 Materials
T 14 Surfaces
[} 1.4.2 Surfaces - Integrated Ok
~ [ 1.6 Openings
- [0 1.7 Nedal Supports
- [ 1.8 Line Supperts
[ 1.13 Cross-Sections
[T 1.4 Member Hinges
[T 1.15/1 Member Eccentricities - A
[ 1.15/2 Member Eccentricities - R
-~ [0 117 Members
[ 1.18 Ribs
. 1.23 FE Mesh Refinements
|2 Load Cases and Combinations
) Loads
-2 Results - Load Cases, Load Combina
- 4.0 Results - Summary
[ 4.1 Modes - Support Forces
P 4.3 Lines - Support Farces
[T 4.12 Cross-Sections - Internal For
£ Results - Result Combinations
[ 4.1 Nodes - Support Forces
- [ 4.3 Lines - Support Forces
- [5] 4.12 Cross-Sections - Internal Foi
@ Global Deformations u, RC1: ULS

L B Result diagrams on Member M1
v

< >

RESULTS

Pages: 37

Page: 37

Diagrams of internal forces of purlin in the printout report

Changing the language of the printout report

The printout report's language in independent of that of the RFEM user interface. Thus, we are able to
create a German printout report in the English version, for example. For that, we use the printout report

menu

Settings — Language.

Languages

Existing Languages
Enaglish (USA)
English

C an

French
ltalian
Spanish
Russian
Czech
Polish
Hungarian
Slovak

Portuguese
Mitrh

D % T“ J::n

2D

Cancel

v

®

Switching languages in the printout report

In the Languages dialog box, we select German (or a different language) as the new language. We

can check the changes in the print preview after clicking [OK].

Custom entries such as load case descriptions or comments are not translated.

www.dlubal.com
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[\

Save

Printing the printout report

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

The integrated PDF printer also allows the report data to be exported as a PDF file. We use this feature
through the printout report menu

File — Export to PDF.

The Windows dialog box Save As opens where we specify the location and the file name.

The [Save] button creates a PDF file with bookmarks to simplify navigation in the digital document.

T Tutorial.pdf - Adobe Reader - m] ®
File Edit View Window Help d
E{} @ & (% | = Tools | Fill &Sign | Comment
A
Bookmarks IEHE
ﬂ;l Engineering Office X x ""‘:
=0 Long Stres
P & : MODELL
— | 2 i Ausdruckprotokoll
Projt  Examgies Model: Tuorial Da 25052018
& || o rrem =
EF . MODELL-BASISANGABEN
Modell-Basis = TR TR
- e
angaben RITABTe
Positrve | oa | | Z-Achse Nach uren
I FE-Netz-Einst ey kit N o
ororcsoren Norsir At CEN-EU
ellungen % Kobinaionen auomatisch erzsugen 4 Setarnitonen
B [F Modell TGrE - G T
AT
& 1.1 Knoten
1.2 Linien o —"
P S e
13
P 9 10.00 ms?
Materialien
e{f 1.4 Flachen FE-NETZ-EINSTELLUNGEN
= T
s MCGTeSer At Zwchen Kot L L . wam
142 um i e Line 2u Intewisen
== = S AL m
Integrier e
o Durchucrtapratim e e
te 9 Teung auch fr gerads Stoe, Angestrenis Lange LFE der Frien
Objekte - et ot rewtert s v it .
P s e o e Aren B ot o s o S et
B T P = T
Offnungen Memérals et von e Fifen Ssmeren A (X
i o aer Fven Ssmerte: ore Lra varsors
1.7 £ Giche Quatrae genaeren, wo
Knotenlage
v 1.1 KNOTEN
T Rt T Fderioranaen
1.8 NI Knotenyp Knoten System Xm__, Ym__,  zm Kormenar
- ] e Tow Tom Tom
Linienlager Stna rarmmsn a0 s0m 0om
3 Standard Karesisch 7000 5000 0.000
QuerSChmln B8 Stanctard : Karlesisch 10.000 300 400
e | S K Som 20m oo
= i S30 203
P14 = == R — e —
Sl N—— | S - a5m e 20m
EEHIEE === To|EER 1% £om 3E
EnkE 12 Standard - Kariesisch 7.000 0.000 -3.000
5 | S EER o 250 ]
ERET
1.2 LINIEN
Stabexzent |, = ‘ TrEna | | "
N Lnientin Knaten e Lim pre—

German printout report as PDF file with bookmarks
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Ouvutlook [0

We have now reached the end of our example. We hope that this tutorial helps you get started with
RFEM and makes you curious about the rest of the program's features. You can find a detailed
program description in the RFEM manual, which you can download on our website at
https://www.dlubal.com/en-US/downloads-and-information/documents/manuals @ .

You can access the program's online help with the Help menu or using [F1] and search for certain
terminology, much like in the manual. The online help is based on the RFEM manual.

Finally, if you have any questions, you are welcome to use our free e-mail hotline. You can also browse
through the FAQ @ or Knowledge Base @ pages on our website.

You may also use this example in the add-on modules for steel and reinforced concrete design (for
example RF-STEEL Members, RF-CONCRETE Surfaces/Members, or RF-STABILITY). This will provide an
insight into the functionality of the design modules. The designs may also be evaluated in the RFEM
work window.

| www.dlubal.com
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