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1. About RFEM

1.1 Finite Elements

There are three types of elements in RFEM. 1D member elements with various nonlinearities
like failure under tension or compression, yielding etc. can be used to model frameworks,
trusses or cable structures. Plane 2D surface elements are ideally elastic elements. Their
thickness must be "small" so that they do not transfer any perpendicular stresses. By surface
elements, plates, walls and shells can be modeled. 3D solid elements are also ideally elastic
elements. They should be used in a well-considered manner. Large parts of many models can
often be represented by member and surface elements, with solid elements applied only at
critical locations of the model. Contact problems are also represented by solid elements.

1.2 Graphical User Interface

There are three main modes in RFEM that can be used to define and control data:

¢ Inthe work window the model, graphics and dialog boxes are displayed. You can use the
mouse for most tasks, for example to open a model, select and modify the structural ele-
ments or to display the results.

¢ In the tables, you will mainly use the keyboard for the numerical input.

o There are four navigators in the left part of the work window: Data, Display, Views, Results.
The entries of the current model are listed hierarchically in those navigators.

@9 RFEM 5.02.0012 (64bit} - [RFEM-Example-03] (=] E
F™ File Edit View Insert Calculate Results Tools Table Options Add-on Modules Window  Help Cmx
(29 9uEwE 0 FRQET|EIE 2 Lo -seweight TEc PR R HESEELEE IO AXSE

Y H-N RS AP R-B8-9-GF- -t aRBY - BEEAOS I RAER-HF- G- (T2 Lo@ 4 =3

Project Navigator - Data 7 x N

3 RFEM f

£-#) RFEM-Example-03 [Dlubal Examples]
{2 Model Data
[ Nodes
-2 Lines
- ) Materials
) Surfaces
& Solids
[@ Openings
(&) Nodal Supports
- (& Line Supports
- 38) Surface Supports
(2] Line Releases
] Variable Thicknesses
&) Orthotropic Surfaces and Meml
) Cross-Sections
«[E] Member End Releases
(2 Member Eccentricities
- [# Member Divisions
2 Members
[ Ribs
) Member Elastic Foundations
(1) Member Nonlinearities
(2 Sets of Members
- (8 Intersections of Surfaces
) FE Mesh Refinements
() Load Cases and Combinations

Work window

1.1 Nodes ax

3= =33 2 [3 ek |[FHE S a2 L%

£ Loads B | i [ ] [ E ] E [ G |

(2 Results . Reference | Coordinate Node Coordinates
--[20 Sections Nawgators ............... plore System Xm] ¥ ] Zm) Commert L
@ Average Regions Sended 1 0 Cattesian 0.000 0.000 0.000

3 Printout Reports Standard [] Cartesian 0.000 5.000 0.000

Standard [] Cattesian 2.000 5.000 0.000
23 Guide Objects 0 Cartesian 8.000 0.000 0.000 Tables
12 Add-on Modules Standard [i] Cartesian 8.000 12.000 0.000

|2) Stand-Alone Programs 14.000 12,000 0.000

« m b

Egnata (& Display 2 Views

Cartesian

|SNAP |GRID |CARTES [OSNAP |GLINES DXF

RFEM work window with navigator (left) and input tables (bottom)

There are many ways to use the mouse in the windows and the navigators, for example, to
start a function or to edit elements.
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1.3.1

Project Management

New Project

Dlubal

We open the Dlubal Project Manager by clicking the [Project Manager] button in the toolbar.

| Dlubal Examples

&) Project Manager SRACEL X
Project Model Edit Archive Data View
0w By AByX B Current Project: | ) Training Examples ~| current Template Category [ (2] Defaut ~|

Project Navigator B X|| projects  RFEM \ RSTAB | SHAPE-THIM | SHAPE-MASSIVE | RX-TIMBER | CRANEWAY | All

& @ Projects Model Name. Description Type  Nodes Lines Sufac.. Mem.. Solids LC €O =

Exampl

Cantilever

| Parameterized input

e3a Parameterized input

8 First Example

4 Bxample 4 Solid elements
# Bample 5 Intersections
4 Bample 52 Intersections
£ &) Templates B Example 6 Flag panel
L..[2) Default B Bample 62 Flag panel
H Bxample 6b Flag panel

Introductory example

<

T

Details o X || Preview ax
Medel Name Example 3 B
Description Parameterized input |=| T ~ T~ ~ T
Type 30 (xv) e M () (
Nodes 6
Lines 7
Surfaces 2 5 5 o
Members 0
| BA  BA | BAW BAE  BAE |
Solids. 0 4 4 4 4 4
- b 52
Thumbnails ax
Example 2 Example 3 Example 3a Example 4 Example 5 Example 53 Example & i |
N ]
< i » -

Ready

Selection: Model Example 3 Objects Count: 28

Project Manager

We click the [New Project] button in the toolbar of the Project Manager. The Create New Project
dialog box opens. We enter the project name and description as follows.

P
Create Mew Project

(S

Place project under:

New Project
Mame: Description:
Training Training examples

| 3 Projects

Folder:

[

C:AUsers"WoglR.DLUBAL-INTERN Documents \Dlubal Projects’ Training

oK | [ cancad |

"

Dialog box Create New Project

We select the folder for the project manually or by using the [Browse] button.

The new project folder Training is transferred to the Project Manager and set as default.
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1.3.2 New Model

General Data

We close the Project Manager. Then we click [New Model] to open the dialog box New Model -
General Data where we enter the Name and Description of the model.

- ~
New Model - General Data [&J
General | History
Model Name Description
Concrete Model Reinforced concrete model with slabs, ribs and columns
Project Name Description
' Training j Training examples

Folder: @ @

C:\Users"WoglR.DLUBAL-INTERN Documents*\Dlubal Projects' Training

Type of Model Classification of Load Cases and Combinations

@ 3D According to Standard: National annes:
§ =0 . - -

O m-Rrezeven | F — EREN 1550 Ecen
_ T e —

D20 -¥Z puxiuzley) | [ =

1 i Create combinations automatically

©20-Xx uxiv/ez) 1 @ Load combinations
() Result combinations for linear analysis only)
Positive Orientation of Global Axis Z Template
() Upward... 7] Open template model:
@ Downward Schale-01 =)
Comment
-
oK) [ Cancal ]

" A

Entering Model Name and Description

In the dialog section Classification of Load Cases and Combinations, we select the Standard
EN 1990 and the National annex CEN.

We activate the check box Create combinations automatically and make sure that the
option Load combinations is set.

Units and Decimal Places
To check on the units and decimal places, we click the button [Units and Decimal Places].
A dialog box allows us to adjust the units and decimal places of the model, loading and results.

The settings defined in the dialog box Units and Decimal Places can be changed any time in
the design process.
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2. Concrete Model
2.1 Sketch of System

We will design one story of a reinforced concrete structure. This structure consists of a 20 cm
thick floor slab and 30 cm thick ceiling slab. The ceiling slab is supported by nine columns with
the dimensions 35 cm x 35 cm and two bracing wall systems.

We use concrete C30/37 and steel S 235 for all structural components.
The ceiling slab contains an opening for a spiral staircase with a diameter of 3.60 m.
The clear height between the two slabs is 3.00 m.

The dimensions of the floor slab are indicated in the following figure.

v 560 Y 500

‘
)

S

360
TTTRTTITTTTTS

RS

400

1220

400
460

1
ﬁﬁ
N

(=]
Bﬁ

500 L 500 l 300 %0
1420

Sketch of system

The coordinates in RFEM refer to the axes of the walls and slabs. Therefore, we have to move
the edges of the floor slab by 10 cm inwards so that they are placed on the center axes of the
walls (which are 20 cm thick).

We use the following geometry for our model. The different values are circled.
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Floor slab
p 550 . 500 , 350 $
1 Loy
) ’ &
7 v
% 7
% 9
3l 1 ?
9 v
sﬁ % %
, 35
o Thickness: 20 cm
g\%
«
w To] [Te) To]
sp] ™ [ep] [3p]
. :L :L 7 £
(=)
o o
< Ty]
<
i ik x
o ™ [ep] o
o) 500 500 300 (J50,)
1400
Floor slab
Ceiling slab

The geometry of the ceiling slab with the circular opening of the spiral staircase is as follows.

550 v 500 v 350

1 1 _ 1.
=== === T === == == — =X N
i 1 NN o
2 1, I Q \\
2] in ) RZOO | N
1, [ /T
| | | | /, /
s U D 7 4
T
.
. Thickness: 30 cm |
ol S L8
(?l L o)
1 O L] [] L]
o
) o
g g
o— | O ] [] L]
Q.I' 500 AL 500 /.L 300 AEO
1400
Ceiling slab

10
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Axis system
We apply an axis system which is useful for sections or components such as columns.

Y 7
| ;%
i i
i i
| |
Y Y
% Y
za aa
/ /
5 7 7
4 e
;i
i
%
i
W
¢
% - — — A %
3
2 7 —4 —  — %
1
AB C D EF
Axis system
Supports

The floor slab represents a flat foundation with a foundation modulus of 100 MN/m?,

In axis A, the slab rests on the foundation of an adjacent building. Therefore, this line of the
slab is fixed in the Z-direction.

Loads

Load case 1: Self-weight
Self-weight of slabs, walls and columns

Load case 2: Imposed loads
Floor slab: 5.0 kN/m?
Ceiling slab: 2.0 kN/m?

Load case 3: Wind in +X
Compression (axis A): w; = 0.8 - 0.5 kN/m” = 0.40 kN/m?
Suction (axis F): w2 =0.5- 0.5 kN/m?=0.25 kN/m?

Load case 4: Wind in +Y
Compression (axis 6): wi = 0.8 - 0.5 kN/m? = 0.40 kN/m?
Suction (axis 1): w2 = 0.5 - 0.5 kN/m? = 0.25 kN/m?

Load case 5: Imperfections towards +X

According to EN 1992-1-1, clause 5.2 (5), imperfections are applied to all columns.
Inclination: 1/¢po =200

Precamber: L/wo=0

Load case 6: Imperfections towards +Y
Inclination: 1/¢o =200
Precamber: L/wo=0
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Model Data

General Settings

2.2
2.2.1

5z

size of model.
r ~
Work Plane and Grid/Snap &J
Work Plane Origin of Work Plane
Coordinate system: Mode No.: -
Standard - =
Coordinates X 0.000 =[x/ [m]
@ Xy
- L ! Y: 0.000 5| [m]
BYZ _‘,)f X =
()4 u v Z 0.000 =% [m]
z
Grid/Snap |Object Snap | Guidelines | Background Layers I Line Grid5|
Show Type Number of Grid Points
Grid (@) Cartesian Dynamically according to size of model
Snap () Palar
Distance: 10| [px]
Repeat Last Command Enter
View 4 LT %,
P “'\‘5' Grid Point Spacing
User-Defined View 4 e \\_% _
: &f - .6 KA P N Space b: 0.500 =[x/ [m]
. o G D .
&  show Mumbering T/ﬂ%{- 3 %\‘6&6 -6“_\\ h: 0.500 (x| [m]
#  Show Loads A e
I > -
A LD : Rotation : 0.00»
.| show Results ¥ o f “‘éf x £ =
/ .
¥ 1
\ﬁ‘ Show Dimensions S Grid Line Spacing
| Show Comments . Number n: 10E
v | Show Hidden Objects in Background nz2: 105
v Display Model Wired or Solid
& ]
Lock Guidelines OK ] [ Cancel

Lock Line Grids

Enable Drag & Drop

% | Auto Rotate Model

‘@é: Auto Connect Lines/Members CheCk DefaUIt

2 Coordinate system... We check in the general context menu whether the option Auto Connect Lines/Members is
#9 | Work Plane, Grid/Snap, .. enabled. If so, we switch this function off.

ﬂ Select Special...

Colars in Graphics According to »

RI:I Display Properties...

Set View

We click the [View in Z direction] button.

Set Work Plane / Customize Grid

The default setting of the grid has a spacing of 1.00 m. We change those values to 0.50 m in
the dialog box Work Plane and Grid/Snap and activate the option Dynamically according to

"

Dialog box Work Plane and Grid/Snap

2.2.2 FloorSlab

2.2.2.1 Rectangular Surface

Fa. To create the first surface component of the floor slab, we click [New Rectangular Surface].
In the dialog box New Rectangular Surface, we specify the surface number, material, type and
thickness of the surface.
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-
MNew Rectangular Surface

Surface No.
1

Material

[0 2 | Concrete C30/37 | EN 1992-1-1:2004/8C:2010 =

Thickness
(@ Constant
icres s [ 2000 < 20
(7) Variable... 2=
Comment

i .

=
Surface Type
Geometry: |l Plans
Stiffness: [ Standard - =
Surface thickness "Constant'
—~

\

Dialog box New Rectangular Surface

material.

We select the material Concrete C30/37. If necessary, we can click [Library] to change the

p
Material Library

Fitter Material to Select

Material category group: Material Description

HConcrete + | | Concrete C12/15
[ Concrete C16/20
Material category: [ Concrete C20/25
BConcrete ~ | | B Concrete C25/30
Standard group: [ Concrete C30/37
[E Concrete C35/45
e M [E Concrete C40/50
Standard: [E Concrete C45/55
EEIEN 1392-1-1:2004/4C:201 ~ | | Concrete C50/60
@ Concrete C55/67
[ Concrete C60/75
[ Concrete C70/85
[ Concrete C80/95

[ Include invalid... [ Concrete C30/105

[ Favorites anly...

Material Properties.

=EIE

Concrete C30/37 | EN 1982-1-1:2004/AC:2010

Standard

[ EN 1992-1-1:2004/AC:2010
[ EN 1992-1-1:2004/AC:2010
[ EN 1992-1-1:2004/AC:2010
[ EN 1992-1-1:2004/AC:2010

Bl EN 1992-1-1:2004/AC:2010
Bl EN 1992-1-1:2004/AC:2010
Bl EN 1992-1-1:2004/AC:2010
Bl EN 1992-1-1:2004/AC:2010
Bl EN 1992-1-1:2004/AC:2010
Bl EN 1992-1-1:2004/AC:2010
Bl EN 1992-1-1:2004/AC:2010
Bl EN 1992-1-1:2004/AC:2010
Bl EN 1992-1-1:2004/AC:2010

»

m

"

E Main Properties -
Modulus of Elasticity E 33000.0 | N/mm2 F
Shear Modulus G 13750.0 | N/mm2
Poisson’s Ratio v 0.200
Specific Weight r 25.00 | kN/m?
Coefficient of Thermal Expansion o 1.0000E-05 | 1/°C

[ Additional Properties
Ct istic Cylinder Comp Strength Fex 30.0 | N/mm2 L
ct istic Cube Compressive Strength Fouk 37.0[N/mm2 |~
Mean Cylinder Compressive Strength fem 38.0 | N/mm2
Mean Auxial Tensile Strength Fotm 2.9 | N/mm2
5% Fractile of Axial Tensile Strength Fetk:0.05 2.0 | N/mm2
55% Fractile of Awxal Tensile Strength Fetk:0.35 3.8 | N/mm2
Mean Secant Modulus of Blasticity Ecm 33000.0 | N/mm2
Uktimate Strain for Pure Compression £c1 -2.200E-03
Uttimate: Strain at Failure Eclu -3.500E-03
Parabola Exponent n 2.000
Uktimate Strain for Pure Compression &2 -0.002

[ ok [ cancel

.

Material Library
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P

Select
Edit Selection...

=
ﬁ Find via Mumber...

.
By | Delete Al

o% Move/Copy...
'7_';":' Rotate...
Mirrar...
Project...

Scale...

i | Shear..,

le.§

Ctri+Z

Alt+Enter

3

Dlubal

The sketch on page 10 shows the dimensions 14.00 m x 12.00 m for the rectangular part of the
floor slab. We set the first corner in the origin of the coordinate system 0.000/0.000/0.000 and

then place the second corner at the grid point with the coordinates X=14.00, Y=12.00.

To show the entire slab scaled to the size of the work window, we click [Show Whole Model].

&% RFEM 5.02.0012 (64bit) - [Concrete Model*]

Bl

F™ File Edit View Insert Calculate Results Tools Table Options Add-on Modules Window  Help
D299:EEwR axARQFE0 BB 2 -
A AR L ekt et

PPN R HEEERERF OAXS

=, 23
23

Project Navigator - Data 4 x
%) Concrete Model* [Training] ~
23 Model Data
() Nodes
2 Lines
(5 Materials
- [ Surfaces
- [ Solids
@ Openings
(&) Nodal Supports
) Line Supports
) Surface Supports
(2] Line Releases
B Variable Thicknesses
(& Orthotropic Surfaces and M
[#) Cross-Sections
[E) Member End Releases
(2 Member Eccentricities
£ Member Divisions
-2 Members
-3 Ribs
3 Member Elzstic Foundation:
(1) Member Nonlinezrities
) Sets of Members
3] Intersections of Surfaces
-« [#) FE Mesh Refinements
/2 Load Cases and Combinations
-_4 Load Cases
2% Actions
=% Combination Expressions

e

m,

I—:x:

v

1.1 Nodes

FEEE E3|3E e

e |FHE

1 EmaEaEl B A%

a-B-9-FiF-F-taBBY RAAPF FRAER-A- G- T2 Lo@ ¢

B C [ D [

[ F

G

2% Action Combinations
=% Load Combinations
-2 Result Combinations.
-2 Loads
(3 Results
(3 Sections =

Reference Coordinate

Cartesian 0.000
Catesian 0.000
Cartesian 14.000
Catesian 14.000

Node Coordinates
Node Type Node System Xim] Y im] Zim]

0.000 0.000

12,000 0.000
12,000 0.000

0.000 0.000

Comment

T »

[gData (B Display 4 Views

|SNAP |GRID |CARTES [OSNAP |GLINES DXF

Rectangular part of floor slab

2.2.2.2 Rows of Columns

Copy node

The distance of column B/2 from the corner is 0.50 m in X-direction and -0.50 m in Y-direction.
We select node A/1 and use the Move/Copy function to copy it. We set the Number of copies to
1, the Displacement Vectors dx to 0.50 m and dy to -0.50 m.

-
Move or Copy - Copy

]

Humber

Mumber of copies

n: U=

Reference to Coordinate System .
(@) Global XY.ZCS
Userdefined U VW CS

Displacement Vector

e in]
dy: Im]
dz [ml

Numbering Increment for

Nodes 15
1E
15
15

Cortinuous

Continuous

Continuous
Continuous

Continuous

L

Dialog box Move or Copy

14
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Copy two nodes

The spacing of the next two columns is 5.00 m. Since the new node is already selected, we just
have to repeat the previous action. In the Move or Copy dialog box, we define 2 copies and set
dx to 5.00 m, dv to 0.00 m.

P 53
Maove or Copy - Copy

Number

MNumber of copies

n: 2B

Reference to Coordinate System
@) Global X.Y.ZCS
User-defined U,

Displacement Vector

i 5.000 ]| m) T

d: 0.000 (x| [m]

dz: 0.000 || [m] Numbering Increment for

Nodes: 1 [¥] Continuous

1 Continuous
1E Continuous
1 Continuous
1 Continuous

L

Dialog box Move or Copy

Copy node graphically

Finally, we copy the node in the right bottom corner graphically. We select this node, press the
[Ctrl] key and move the node to the adjacent grid point (distance 0.5 m).

e

Copying node graphically
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Copy column row

To copy all four column nodes, we have to select them. Either we click all points one after the
other while holding the [Shift] key, or we draw a window across those four column points.

In the Move or Copy dialog box, we set the number copies to 2 and enter the Displacement
Vectors dx = 0.00 m, dy = -4.00 m.

-
Maove or Copy - Copy &J
Number
MNumber of copies
- B
n: 2% Y( r x
Reference to Coordinate System < P
@) Global X.Y.ZC5
Userdefined UV W CS
Digplacement Vector
dic 0.000 5| fm] 5
dy: -4.000 ]| [m]
dz: 0.000 5| [m] Numbering Increment for
Nodes: 15 |¥] Continuous
15 Continuous
U= Continuous
15 Continuous
15 Continuous
T

|

Dialog box Move or Copy

After that, the arrangement of column nodes is as follows.

1 4 4
13 14 15 16
3
4 .
3 10 1" 12
3 5 T g
2 2 3

Column nodes on floor slab

16
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2.2.2.3 Walls
Divide line
To create the walls in axes A and C, we need the nodes of the points A/5 and C/6.

To create point A/5, we select line 1 by right-clicking it. On the context menu, we select
Divide Line — Graphically.

When we move the mouse pointer along the line, the values of distances are shown. We divide
the line close to point 13, that is, at the Division Spacing of 3.500 m by clicking the line.

1 4
VI
| Divide Line @
Line Mo. New No. Division Spacing :
15 16
1 5 x: 3.500 = [m] :
Reference Step
© Absolte A 0.500 %) [m] 3
©) Relative (0 ... 1.00) T
[ Reverse orientation
E] 1 12
3 5 7 g
2 2 3

Divide line 1 graphically

We proceed with the division of line 4. At the location C/6, the value of the ordinate is 8.500 m
(this line runs from node 4 to node 1). We click the line at that location.

1 455 4
L %
- ~
. | Divide Line @ ]
Line MNo. New No. Division Spacing
1 R 4 5 x: 8.5001%] m]
Reference Step
17 13 (@ Absolute A: 0.500 = [m] 15 18

() Relative {0 ... 1.00)
[ Reverse orientation

Divide line 4 graphically

RFEM Training Manual © 2016 Dlubal Software GmbH
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5z

- B-9 -G&-|cr
v Rectangle...

Rectangle via Center...

Filleted Rectangle...
Chamfered Rectangle...

Parallelogram...
Triangle...

L-Shape...

Circle...

Semicircle..

PO FER OOFF

...... Circular Segment...
Quartercircle...

Circular Sector...

Annulus...
Semiannulus...

Quarterannulus...

yy > o py

Annular sector...
Ellipse...

ﬂ Polygon...

"é Select Boundary Lines...

s

Mouse functions: Move, Zoom, Rotate

VANSS

Dlubal

Let us try out some of the mouse functions that are useful for working in the graphic window.

To activate the grab mode, we click the [Move, Zoom, Rotate] button in the toolbar. By click-
ing anywhere in the work window, the hand becomes a fist grabbing the according location.
By moving the grabbing hand, we also move the graphic.

When we hold the [Ctrl] key in the grab mode, a curved arrow is shown in the hand. By hold-
ing the [Ctrl] key and the left mouse button at the same time, we can rotate the model.

To activate the zoom mode, we press the [Shift] key and hold the left mouse button at the
same time. A magnifying glass is shown now in the hand. By holding the left mouse button
and moving the mouse pointer up, we zoom in and by moving it down we zoom out. The

same effect is achieved by rotating the wheel button.

2.2.2.4 Semicircular Surface

We return to the previous view by clicking [View in Z

direction].

We create the semicircular surface via the list button as seen to left.

In the dialog box New Semi-circular Surface, we set the material to C30/37 and the slab thick-

ness to 20 cm.

New Semi-circular Surface lﬂhj
Surface Mo. Surface Type
2 Geometry: ([l Plane
\aterial Stiffness: [ Standard - |
[ 2 | Concrete C30/37 | EN 1992-1-1-2004/AC:2010 * | NS e fickness Consant
Thickness
@ Constant
Thickness d: 2000 ~ 5+ [cm]
_ Variable.. =
l
1, q
7 e\
///////,5,,,%;.:\\\\\\\ v
—
Comment
v

L

Dialog box New Semi-circular Surface

We set the center of the semicircle at the grid point X=14.00, Y=2.000. Then we define the

radius of the semicircle (2.00 m) by clicking the grid point X=14.00, Y=4.000.

4 4

Defining semicircle by center (left) and end point (right)

18
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After that, surface 2 is created.

1 G 18 4
1 . ."\\. .
Y
| | T
8 . b
20
1 | . ) }
.I.
17 13 14 15 15 //'
19
,_,_-/
3
) 10 " 12
g
5 [ 7 3
2 3

Floor slab consisting of two surfaces
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2.2.3 Ceiling Slab

The geometry of the ceiling slab is almost identical to the geometry of the floor slab — with the
difference that the thickness of the slab is 30 cm and that there is a circular opening.

2.2.3.1 Surfaces

Copy surfaces

To obtain the clear height of 3.00 m between the two slabs, the center axes of the surfaces
must have a spacing of 3.25 m (3.00 + %2 - 0.30 + %2 - 0.20). Thus, we create the ceiling by copy-
ing the floor slab by 3.25 m upward.

We select the floor slab by drawing a selection window across the entire model.

We then use the [Move/Copy] button to copy the slab by 3.25 m in the negative Z-direction.

1 Mave or Copy - Copy §1
‘Number |
Mumber of copies
Reference to Coordinate System
(@) Global X.Y.ZCS
User-defined UV.W C5
| ]
Displacement Vector
de inl
dy: 0.00012]+]| m]
dz: -3.250 ﬂﬂ [m] Numbering Increment for
Modes: Continuous
Members: | 1= Continuous
Lines: | 1= Cortinuous
Surfaces: Continuous
Solids: Continuous
I EE® ok (o
\ A

Dialog box Move or Copy

We set the [Isometric View] to check on the result.

Isometric view of the copied surfaces

20
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r, I'_'FF To take a closer look at the semicircle slabs, we set the view by clicking [View in Z direction]
8z &) and [Perspective View]. Then we zoom into the model.
24
‘ A
16 ‘
II ’
40
’ .*
1 ]
|20 /
15/
38 6 A 4
186 /
33,'_'/ :
)
19 ;
11
3
Perspective view of semicircle surfaces
Divide line
K| Graphically We divide the line of the semicircle diameter to obtain the center of the circular opening by
| nIntermediate Nodes... right-clicking line 16. On the context menu, we select Divide Line — Distance.

'f,}( Distance... L\\)

In the dialog box Divide Line Using Distance, we define the distance of the division point at
2.00 m from the end of the line.

Divide Line Using Distance LJiE-
Line No.
18
Type of Division
(@ Divide line by new intermediate
node
() Place new node on the line without dividing it
Distance Relative to
Length
@ True line length: 12,000 [m] Distance Between New Node and
Projection in x 0.000 [m] Line start: Line end:
direction o 12000 ] 10,000 ]| [m] 20005k [m]
7 0.000 [m] 83.333 5 ] 16.667 = [%]
lejedion into ® YZ: 12.000 [m] Numbering Starts with
plane
XZ: 0.000 [m] No.
)XY 12.000 [m] Node: 05|  [¥]Continuous
Line: 0|  [¥]Continuous
Member: 0|  [¥]Continuous
o J (o

Dialog box Divide Line Using Distance
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Connect lines
An opening can lie in only one surface. Thus, we have to remodel the boundary lines of the
surface a bit before we can define the staircase opening in the ceiling slab.

We use the [Connect Lines or Member] button to split up line 11. Then we draw a window
around the area of node 39.

H

Connecting lines

Delete surface

The ceiling slab consists of a rectangle and a semicircle surface. We select surfaces 3 and 4 and
delete them via the context menu.

12 . | . . . . . . . . . 24

Edit Surface...

Delete Surface

! Ly d I @ -

FE Mesh Refinement 3

& &

Y  Create Intersection...

“f§ | Create Solid with Contact... | |
Extrude 3 1 |

1= | Reverse Local Axis System { : 15,.-"‘:

4 6 [

&= | Center of Gravity and Info... =1 S - -

& | Move/Copy... 19
Rotate...

Mirrar...
Local Axis Systems on/off
Display Properties...

Visibility by Selected Objects
Visibility by Hiding Selected Objects

(Gt T

Create Mew User-Defined Visibility...

Deleting selected surfaces via context menu
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Delete lines

We can remove the lines 16 and 17 and 18 because they are no longer necessary. This time,
we use the navigator.

Project Navigator - Data x
E™ RFEM -

9@ Concrete Model™ [Training]

{38 Model Data

+--[ 2] Nodes
E||d Lines

..... /" 1: Polyling; 1,17: L: 3.5 m
..... ./ 2:Polyling; 2,3; L: 14 m
..... /3 Polyling 34: L 12 m
..... /" 4 Polyling; 4,18; L: 85 m
..... /" 5: Polyling; 17,2; L: 8.5 m
..... ./ 6: Polyline; 18,1; L: 5.5 m
----- 7: Arc;19,204: L: 6.283 m
..... /" 8: Polyling; 19.4; : 4 m ' e \ R P
..... ./ 9: Polyling; 21,37; L: 3.5 m 1 }
..... /" 10: Polyling; 2223; L: 14 m ' ' ' ' |' . . .
..... /" 11: Polyling 2339; L: 8 m _ . B
----- _/ 12: Polyling; 24,38; L: 85 m 18° ‘
..... ./ 13: Polyling; 37,22: L: 85 m . . I . Y 4
..... /" 14: Polyline; 38.21; L: 5.5 m i
----- 15: Arc; 39,40,24; L: 6.283 m . 36 . . y
..... W4 16: Polyline; 39,24; L: 4 ;- 4
..... W 17: Polyline; 4124; L 2 miBadiZ L Enter
..... W4l 15: Polyline; 39,41; L: 2 m
(- &) Materials /ﬁ
-4 Surfaces
.| Solids f Delete L\\, Del
.| E) Openings
| &) Nodal Supports L | select
(5] Line Supports # | Find

| Surface Supports
) S Info on Input Errors...
.| 2] Line Releases b Info onInput Erfors

m

Mew Line 3

Go to Table

ﬁData EDisplay A views REI Display Properties...

Deleting lines via Data navigator

Create surface
| ﬂ | To restore the ceiling slab, we click the [Select Boundary Lines] list button.

In the dialog box New Surface, we set Concrete C30/37 and define the thickness of 30 cm.

Mew Surface @

Surface No. Surface Type
3 Geometry: |l Plane
Waterial Stiffness: [l Standard ~ (=

I 2 | Concrete C30/37 | EN 1992-1-1:2004/AC:2010 -

M=)

Surface thickness "Constant’

Thickness
(@) Constant
Thickness d: [cm] -
/
() Variable... E
-
Comment

OK ][ Cancel

.

Dialog box New Surface
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Blo- G- 2%
Rectangle

Rectangle via Center

Filleted Rectangle

Chamfered Rectangle

Parallelogram
Triangle

L-Shape

ENN OOEO

Circle

s

Circular Segment

Semicircle

Quartercircle

Circular Sector

Semiannulus
Quarterannulus

Annular Sector

Ellipse

Polygon

Select Boundary Lines

EE B 0D OCODODe

Openings via Window

We now use the reticle to click a line of the upper plane and create the surface.

12 24
4 4
Select the
boundary lines! 41
Select Line i
Lines: 15,12,14,9,13,10.11
Selected:
Clear Cancel
35 & V -
15 16 /
g
- -
19
3

Creating surface by selecting boundary lines

2.2.3.2 Opening

We select the [Circle] option from list buttons for openings.

We click node 41 which represents the center of the circular opening.

VANSS

Dlubal

In the Circle Opening dialog box, we activate the Step and change the value to 0.10 m.
It is easier then to set the radius r of 1.80 m in graphics.

Circle Opening &J
. 24
- Opening No. | Line No. Node No. -
1 18 42 R
\\\
|| | Circle Parameters | _4_ S
- 1.800 = [m]
[¥] Step
0.100] m)
— 41
50011 g ¢
120
Apply |
——————————————)
35 3 A //
15 16 ’
39_-'_’_-,_/-/ :

Dialog box Circle Opening

We click any point with this radius to create the opening.

24

RFEM Training Manual © 2016 Dlubal Software GmbH



2 Concrete Model / I\
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Opening in ceiling

2.24 Walls

We now define the boundary lines of the walls.

2.2.4.1 Lines

We set the [Isometric View] and rotate the model so that the staircase area is in front.

We create a [New Line] by clicking the grid point at a distance of 2.00 m from the floor node
19 first. The second node is set perpendicularly on the ceiling line above. Note the symbol!

-
New Line
Node No. Line No. Member No.
R o
Coordinates Set Type
X 14.000 i m] @ Mode / point
Y: 6.000 i m] () Member / line
zZ: -3.250 5 [m] Distance
ai: iml
Reference:
o,
(©) Curert CS %o
© Grid origin () Node and length
() Last node
L: im]
Angle
_ =y
Length
L EEE
Step
n

Creating line graphically

Dlubal
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We rotate the model. Then we click the grid point at a distance of 3.50 m from the floor node 4
(coordinate X=10.50). The second node is set perpendicularly on the ceiling line above.

f New Line £S

Node No. Line No. Member No.

4 & )
Coordinates Set Type
X @) Node / poirt
Y: 0.000 = [m] () Member / line
Z -3.250&' m] Distance
e =
(@) Cumert CS %
@ Gid arigin (7)) Node and length
e "
w Angle
& [l
@ @] Length
o] L: B im)
& [lstep

L o

Creating line graphically

Now we connect the pairs of nodes as follows:

19-39 (F/4)
4-24 (F/6)
18-38 (C/6)
1-21 (A/6)
17-37 (A/5)
15
1] ey e |
2| s
. 1194

Connecting nodes by lines

45

47

32

212

23 .
al
35
34
: 33
3 ] ? B
ihl
15
14

el

26

21

23

26
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Connect lines

Before we can create surfaces from the new lines, the adjacent lines have to be divided so that
RFEM can detect all boundary lines. It is irrelevant for the calculation, however, whether there
are polylines or single lines.

We use the [Connect Lines or Member] button again to split up all lines in the model. Then
we simply draw a window around the entire model.

Connecting lines

Alternatively, we could have used the Auto Connect option when setting the lines.

f New Line | PS .|1
Node No. Line No. Member No.
45 2 [ ‘
l:l rNew Line - Details M
Coordinates Set Type
o Set Coordinates in Table
K 8.000 = [m] Node / point
- G.DDD; = © Member /line In global coordinate system
= D.DDDE m] Distance © Related to node No.: 1 M
- - |:| ] (©) Related to the cument grid origin
Reference: .
(©) Currert CS % Type
Grid origin (@ Spline
© Lastnode () Node and length B-Spline
L: |:| [ Bezier-Spline

m Sl ) Auto Connect
- |:| r [7] Connect ines/members
@ @] if they contact
D[] S

& lines inside
yas @y

z
-
—
(oK | [ Conen

Dialog box New Line - Details
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2.2.4.2 Surfaces

Walls in corner

Now we create the surfaces between the axes A and C. The walls can be defined by the lines
that we just have set. We click the [Select Boundary Lines] button. In the dialog box, we se-
lect the material C30/37 and set the surface thickness to 20 cm.

s ™y
New Surface ﬁ

Surface No. Surface Type
4 Geometry: |l Plans

Stiffness: [l Standard - |

]

Material

[ 2 | Concrete C30/37 | EN 1982-1-1:2004/AC:2010 -

M=)

Surface thickness "Constant’

Thickness
(@) Constant

s [ 000 < 2] o

(0) Variable... E

Comment

[ OK ][ Cancel

. J

Dialog box New Surface
We click the boundary lines of the surface on the A-axis. Please take care to select the linesas a
polygonal chain.

The surface function remains active as indicated by the reticle. We go on and create the wall in
axis 6 by clicking the lines 21, 14, 22 and 6.

The two new surfaces are shown in the following figure.

Walls in axes A and 6
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Walls at staircase

FYCE NI - K To create a curved surface, we click the [New Quadrangle] list button. In the New Quadrangle
| Quadrangle (General 4-Sided Surface... | Surface dialog box, we specify the material C30/37 and the thickness 20 cm.

7} | Rotated Surface...

& Fipe... rNew Quadrangle Surface uw

;b B pline Surface No. Surface Type

S& | NURBS [4-Sided)... 6 Geometry: ||:| Quadrangle v|

'{ Trajectory Surface... Stffness: [ Standard - E

Material

I 2 | Concrete C30/37 | EN 1992-1-1:2004/AC:2010 -

M=)

Surface thickness "Constant’

Thickness

(@) Constant

ks [ 2% < 2o
() Variable...

Comment

v‘
2] @) (&) ok [ Cancal

. J

Dialog box New Quadrangle Surface

With the reticle, we click the boundary lines 20, 15, 19 and 7.

Staircase wall
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TR
welew

CET Y IRY:
[Work Pane 1z @

VANSS

Dlubal

Now we create the walls next to the curved surface via the [Select Boundary Surface] button.
We apply the material €30/37 and the thickness 20 cm for both surfaces again.

We create the surface by clicking the four boundary lines. The boundary lines are 17, 19, 27, 24
for the left surface and 12, 18, 20, 4 for the right surface.

Staircase walls

Inner wall

To create the load-bearing inner wall in the axis C, we set the origin of our work plane into
node 18. For this, we use the button [Set Origin of Grid/Work Plane].

Then we set the [Work Plane YZ].

3

1"

Xt 0000
W 0.000

Setting new origin of work plane

38/%\ .

34

Work Plane Origin
Select Poirt

22
Node No. 18

Cancel

1452 0,000

—

[

30

\2 o

M o

\

30

RFEM Training Manual © 2016 Dlubal Software GmbH



2 Concrete Model / I\

Dlubal

We use the button [New Rectangular Surface] to define the inner wall. In the dialog box, we
specify the material C30/37 and the thickness 20 cm.

We define the wall by setting the first corner in node 18 and the second corner in node 34.

Inner wall

2.2.5 Columns

Create line

We will create one line, allocate member properties and then copy it.

We click the [New Line] button. Then we connect nodes 5 and 25 by clicking those two points.

#

z

New line
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Create member

Now we double-click the new line 25 to open the Edit Line dialog box. In the Member tab, we
select the Available check box. The New Member dialog box opens.

Edit Line | =

General | Member |Support I FE Mesh I Rotation| ‘

Dlubal

@ & =

Member start:  Create a new cross-section!

Memberend:  As member start

Member Release

() Help node Mo |Inside f‘ =
In plare: @ %y
i
Cross-Section

1
Line No. New Member ﬁ
25

|| General |Option5 I Effective Lengths I Modify St'rﬁ'ness|
SELIE Member No. Line No. Member Type
[V] Available 1 25 N [ Beam -~ |
Member type” i*
—3 Node No. Member Rotation
I Beam
5.25 X
Cross-gectior: | ¥ End
Create a new cif ¥ 7
[op——— Member Rotation via oPYZ)
| ome & [ omEiln g e

Start§

Ly in plane x-y
des g

(=3[
Il ||
BB

Member start: ~ None h =
Memberend:  Mone - =
[0k ] [ Cance

\

Dialog box New Member

We use the [Cross-Section Library] button to open the Cross-Section Library.

Cross-Section Library

(S

Rolled

Parametric - Thin-Walled

Parametric - Massive

[a]r])(2)[=]

Parametric - Timber

njele)m]

(o le]felle] (mllellilfn] (x](e](o](n]
)l o 2] ERCNENED

Buil-up

=)z

o) () (]
CAENENEY
ENENEENEA AN ENCATREIEN
ENENENF
FAENER[FY

[z][e]

User-Defined

Standardized - Timber

(]

From Cross-Section Program

.

Cross-Section Library

We click the [Rectangle] button to open the Solid Cross-Sections - Rectangle dialog box.
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-
Solid Cross-Secticns - Rectangle

ERCNENED
CA[FENFA
CAENENEY
EAEATAEY

Cross-Section Type Farameters Iﬂ

) [ ) e
h frm]

(z)le](o](m]* *

L

& E
Material rl
12 - Concrete C30/37 | EN 1992-1-1:2004/AC:2010 | -
2] TEE
Favorites Group
— ) e H0 B
(oK ][ concel |

.

Dialog box Solid Cross-Sections - Rectangle

We enter 350 mm for each side (column 35/35) and set Concrete C30/37.

We click [OK] to confirm all dialog boxes. The cross-section is then displayed in the model.

cC [ D T E F [ G [ H ]
Moments of inertia [cm 4] Cross-Sectional Areas [cm 2] Principal Axes
Torsion J | Bending ly | Bending |z fodal A | Shear Ay | Shear Az a[]
211087.92 | 125052.08 | 125052.08 122500 | 1020.83| 1020.83 0.00
I | »
Nodes | Lines | Materials | Sufaces | Solids | Openings [ Nodal 5 | Line 5 | Surface 5 | Line Rel ] 4[4 m

Column cross-section
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Copy members
We now use the [Ctrl] key to copy the column graphically in axis 2.

Copying columns graphically

We select all four columns via the button [Special Selection].

Special de

Category
Nodes

) © Al
Lines
Surfaces () With numbers:
Openings . -
Cross-Sections © With type: Beam
©) With material: [ 1 | Concrete C25/30 | EN 1932-1-1:2004/AC ~

Dialog box Special Selection

34
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We now copy the four columns at once to axis 3 by drag and drop, using the [Ctrl] key again.

Copying four columns

Finally, we copy one column to connect nodes 15 and 35 (axis D/5).

Dlubal

Model with columns

RFEM Training Manual © 2016 Dlubal Software GmbH
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2.2.6 Downstand Beam
We create a downstand beam in axis 5. It runs from the wall in axis A to the column in axis D.

First we delete node 33 in the ceiling slab.

% : T 14

53
N

Deleting node 33

Now we draw two lines from node 37 to node 34 and from node 34 to node 35.

34

=]
-

30

W7

w2

Setting lines

We select the two new lines and double-click them.

In the Edit Line dialog box, we check the Available option in the Member tab again.
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In the New Member dialog box, we select the Member Type Rib. We define a [New] rectangular

cross-section with a width of 200 mm and a height of 150 mm.

Member
[ ¥] L L " \ I ~
._ Mew Member x M
Cra General |Option5 I Effective Lengths I Modify St'rﬁ'ness|
L Member No. Line Mo. Member Type
al|| [0 041 Y | W Rb... - |
Node No. Rectangle 200450
34373435
Member Rotation via Ty
Ohge B n
() Help node Mo (Inside N =
3 In plane: @ xy
Cross-Section
|| Member star: | 0 2 | Rectangee 200150 | Concrete C30/37 o~
Memberend:  As member start - = o
Member Release
Member start: ~ MNone - =
Memberend:  MNone - =
ok ) [ e
N

Dialog box New Member

We click the [Edit Member Type] button to open the New Rib dialog box. There, we select the
On +z-side of surface option. The integration width is to be L/8 for sides 1 and 2.

New Rib

Member No.

10 D

Position and Alignment
n -z-side of suface
() Centric
() User defined via member
eccentrcity

Integration Width - Side 1

Connecting surface No.:
Autodetect

Width by -

Rib Alignment

Comment

Align local z-avds parallel to local z-ads of suface

Integration Width - Side 2
Connecting surface No.:
Autodetect -8

Widthbs: () L/6

@) &) @)

L

Dialog box New Rib
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Having confirmed all dialog boxes with [OK], we can see the downstand beam in our model.

Rib in model

For ribs, the internal forces are determined according to the requirements of concrete design.
The stiffness of a rib member results from the member height and the surface thickness due to
the effective widths. The internal forces of a rib member include the member forces and the in-
ternal forces of the surface that are integrated from the widths b1 and b2.

2.2.,7 Opening

There is a window in the largest wall. It is 3.50 m wide, 1.50 m high and it is located 1.00 m
above the surface axis.

Window opening
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a-le- G- F-%

& &

| h Rectangle
L}Center

Rectangle vi
Filleted Rectangle
Chamfered Rectangle

Parallelogram
Triangle

L-Shape

Circle

Semicircle
Circular Segment
Quartercircle

Circular Sector

Semiannulus
Quarterannulus

Annular Sector

Ellipse

Polygon

Select Boundary Lines

EE R0 DO0N CODDOD B OO@

Openings via Window

Dlubal

We change the work plane and the origin again because the surface lies in the XZ plane.
Furthermore, we select node 1 as the new origin.

s [
Work Plane and Grid/Snap

Work Plane Origin of Work Plane

Coordinate system: Node No.:
Standard - =
o Coortrates X il
o - Y inl
<] | T z inl

Dialog box Work Plane and Grid/Snap

We use the [New Rectangular Opening] list button to directly set the window.

The first corner point is 5.00/0.00/-2.50, the second 1.5/0.0/-1.0.

Setting opening

Window opening
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2.2.8 Supports
2.2.8.1 Line Supports

Due to the foundation of an adjacent building, we assign support features to the line in axis A.

We click the [New Line Support] button to open the New Line Support dialog box. The default
support is Hinged — all three axes are fixed, but not restrained. We have to define a [New] type
of support because there is a support in the global Z-direction only.

New Line Support &

Type of Support

Global | | OO0 | Hingsd - ’:- .
= | vq\‘

rI“lew Line Support { @
Support No. On Lines No.
1
- »
Reference System /l\‘
() Local line axes xy.z z

(@) Global axes X.Y.Z

- £y
Flotation about ads x: ‘T

p:[ Bl z
Elastic Support via

4 owanz. @ Er e L
Support Conditions.
Support Spring constant Monlinearity
[ ux Bag: 0.00012 ] (kh/m2] [None -
[ ur: oy 0.00012 ] (kh/m2] [None -
Ber| o [ M [ 8
Restraint
[T g Cox 0.000 5+ feNm/rad/m]
[ or: Cov 0.000 5+ feNm/rad/m]
O oz Coz 0.000{%2]| feNm/rad/m]

(=) (&) (&) (&) (&) [« [x]

Comment

" ([=)
@] [&] [@&) [0k [ cancel

Dialog box New Line Support

We clear the check boxes for the displacements ux and uy. There is only a support for uz.
Then we close all dialog boxes with [OK].

We click lines 1 and 5 to assign the supports. The support features are assigned continuously
to the line.

40

RFEM Training Manual © 2016 Dlubal Software GmbH



2 Concrete Model

Line supports

2.2.8.2 Surface Supports

Project Navigator - Data

To enter the foundation for the floor slab, we select surfaces 1 and 2 in the navigator.

ET RFEM

&-4¥| Concrete Medel* [Training]
£1-&3 Model Data

-2 Nodes

-2 Lines

- 8] Materials

=& Surfaces

<
IQlData| (& Display 4 Views

----- 1: Plane;
..... : 2 0 cr @ Eedi.. |} Enter |
----- ¥ 3:Plane; 15,12,28,14,9, hewsutiace v
----- 4 4:Plane; 239,221; 2,2 &F GotoTable
----- 4@ 5:Plang; 14,22,6,21; 2;
..... < 6: Quadi le: 20151 & Delete Del
----- @ T:Plang 192717242 4 soeq
: z ::::: 21321'1;42:2:2 <7 | select Integrated Objects
..... 2 Solids M Find
-8 Openings EN
=

Info on Input Errors...

Display Properties...

Context menu of floor slabs

To edit the surfaces, we use the Edit option of the context menu.

In the Edit Surface dialog box, we select the tab Eccentricity / Support. When we check the
Available option there, the dialog box New Surface Support appears (see figure below).
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Edit Surface RS

General | Support / Eccentricty | FE Mesh | Releases | Integrated | Axes [ Gid |

Surface No. Surface Support T
12 -
Support
Available |
’ A
New Surface Support
Support No. On Surfaces No.
T 12

Calculation of Spring Constants

[ Automatically with add-on madule RF-SOILIN
(soil-structure interaction analysis)

Support Conditions

Support Spring constant

B v Cux: [ 10.000[E]] M)
[ uy Cuy: 10,000 5| [MN/m3] Nonlinearity
B Cuz: | 100000[]] MM/m?) [Failure F negative contact siressinz.__ =

None

=

=

Shear
1 vie Cvz: 50.000 2] [MN/m] Failure if positive contact stress in z

[ vy Cuye:|  50.0001]]| MN/m]
2= & (W

Comment

@] &

oK | [ Cancel

Dialog box New Surface Support

For our model, the foundation modulus 100 MN/m? for gravel is applicable.

We enter 100 MN/m? for the C,. spring constant. The remaining spring constants are to be de-
fined as seen in the figure above. The parameters Cvx. and Cyy. represent the shear capacities of
the surface.

Itis possible to adjust the units of spring constants via the [Units and Decimal Places] button.

Supports / Stiffness [ Orthotropy

Forces: | [MN—v] T:“l
Lengths for moments: m - 3B
Lengths: m -] 3B«
Angles: 45

Adjusting units

Furthermore, we select Failure if negative contact stress in z from the Nonlinearity list. This
option corresponds to failure under tension, that is, if the slab is lifting, no more support is
provided.

To model the subsidence basin appropriately, we would have to assign line and nodal supports
at the edges and corners (see chapter 4.9 of the RFEM manual). However, we will neglect that.

When we have closed all dialog boxes with [OK], the input of the model is complete.
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Dlubal

2.3 Load Cases and Combinations

We define six load cases, classify them and create the combinations. The loads will be allocated
to each load case later.

2.3.1 Load Cases

The entire loading is split into load cases, i.e. each load type that is to be treated separately is
managed in one specific load case.

Load case 1: Self-weight

To generate this load case, we click the button [New Load Case].
A new window opens. We choose the Load Case Description Self-weight from the list.

Edit Load Cases and Combinations I&J

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

Existing Load Cases LC No. Load Case Description To Solve
Selweight i Sefweight -

General | Caloulation Parameters

Action Category EN 1980 | CEN
Il Permanent -

Self-Weight

[] Active
Factor in direction:
X: 0.0005H 1
¥ 0.000 1
Z: 1000 H

q / W ] Comment

L3
EEH&EFE X =

Dialog box Edit Load Cases and Combinations: LC1 Self-weight

As Action Category, Permanent is set as default. Same applies to the factor 1.000 for the auto-
matic self-weight which is to act in direction Z: The loads are generated from the properties of
the material, surfaces and cross-sections.

We then use the [Create New Load Case] button to define the next load case.
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Load case 2: Imposed loads

We set the Description Imposed Loads and the Category Imposed - category D: shopping
areas. The self-weight is deactivated by default.

£dit Load Cases and Combinations S5
Load Cases | Actians | Combination Expressions | Action Combinations | Load Combinations | Result Combinations
Existing Load Cases LC No. Load Case Description To Solve
MEN L1 Self-weight 2 Imposed loads -
QiD LC2 Imposed loads 1
General | Caloulation Parameters
Action Category EN 1980 | CEN
E@E Imposed - category [: shopping areas l:‘
Pemanent 1
G Prestress 2
IEMA Imposed - category A: domestic, residertial areas 3A

posed - category B: office areas 3B
posed - category C: congregation areas ac

Imposed - category E: storage areas 3E
Imposed - category F: traffic area - vehicle weight <30 kN aF
[0 Imposed - category G: traffic area - vehicle weight £ 160kN - 3.G

Imposed - category H: roofs 3H
BN Snow (Finland, Iceland, Norway, Sweden) 4A
B8N Snow (H > 1000m asl) 48
050 Snow (H=1000m asl) AC

I Wind 5

Temperature fnon fire) 6

N Accidental 7

Earthquake 8

I Imperfection

LC2: Imposed loads

We use the [Create New Load Case] button again.

Load case 3: Wind in +X

We select the Description Wind in +X from the list. The Category Wind is set automatically.

Edit Load Cases and Combinations [
Load Cases | Actions | Combination Expressions | Action Combinations | Load Combinations | Result Combinations
Existing Load Cases LC No. Load Case Description To Solve
EEmLCT | Sefweight 3 Windm <X -
EIE LC2 Imposed loads : 1
General | Caloulation Parameters
Action Category EN 1990 | CEN
=T Wind -
Seli-Weight
[T] Active

LC3: Wind in +X

Load case 4: Wind in +Y

We select Wind in +Y from the list. The Category Wind is set automatically again.

Edit Load Cases and Combinations =50
Load Cases | Actions | Combination Expressions | Action Combinitions | Load Combinations | Result Combinations
Existing Load Cases LC No Load Case Description To Solve
KW ICl | Sefweiht 4 Wind in +Y -
€2 |Imposed loads - -

| Qv Jlee] Wind in +X. General | Caloulation Parameters
o LCA oy

EN 1980 | CEN
=T ind -
Self-Weight
[T] Active

LC4: Wind in +Y
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Load case 5: Imperfections towards +X

We select Imperfections towards +X. The Category Imperfection is set automatically.

Dlubal

Edit Load Cases al

nd Combinations

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

CEH LC1
== LC2
Lc3
LC4

Existing Load Cases

Self-weight
Imposed loads
Wind in +X
Wind in +Y

LC5: Imperfection towards +X

LC No Load Case Description

5 Imperfection towards +X

General | Calculation Parameters

To Solve

Action Category
T Imperfection

EN 1890 | CEN

Self-Weight
[C] Active

Load case 6: Imperfections towards +Y

We select Imperfections towards +Y. The Category Imperfection is set automatically again.

Edit Load Cases and Combinations

[

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

Existing Load C:
| c_Jiw]
Lc2
Lc3
Lc4
| imp Jlet]

ases.
Self-weight

Imposed loads

Wind in +X.

Wind in +Y

Imperfection towards +X.

LC6: Imperfection towards +Y

LC No Load Case Description

6 Imperfection towards +

General | Calculation Parameters

To Solve

Action Category
I Imperfection

EN 1990 | CEN

Self-Weight
7] Active
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2.3.2 Actions

We now assign the load cases to actions which can be combined according to EN 1990. Those
actions represent independent influences that have different origins.

In the dialog box Edit Load Cases and Combinations, we click the next tab Actions.

£dit Load Cases and Combinations S
T 1
| Load Cases| Actions [Combination Expressions | Action Combingtions | Load Combingtions | Result Combinations
Existing Actions Ao Action Description
I A2 Imposed
A3 Wind General
Action Category EN 1990 | CEN
EM P=manent -
@ Simultaneously Differently
Altematively
Unassigned Load Cases Lead Cases in Action A1
MEH LC1 Seff-weight
] v | | comment
= ] -

Dialog box Edit Load Cases and Combinations, tab Actions

In the dialog section Existing Actions, three action categories are listed. We created them when
defining the load cases. The Imperfection category is missing. This list includes only actions that
have "real" loads.

The load cases have been automatically assigned to actions. Our two wind load cases are listed
in the action A3 Wind.

Edit Load Cases and Combinations [
‘ Load Cases | Actions |Combmat\on Expressions | Action Combinations | Load Combinations I Result Combinations
Existing Actions ANo Action Description

Pemanent 3 wind -

Imposed
General
Action Category EN 1980 | CEN
T Viind -
Adting: () Simutaneously ©) Diferently

@ Altematively

Unassigned Load Cases Load Cases in Action A3

Lc3 Wind in +X
LG4  Windin+Y

Load cases in action Wind
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2.3.3 Combination Expressions

we click the next tab Combination Expressions.

Dlubal

To combine the actions according EN 1990 for the ultimate and the serviceability limit states,

There are four combination expressions. We disable CE3 (SLS - Frequent) and CE4 (SLS - Quasi-
permanent) so that we have only the ULS (STR/GEO) and SLS - Characteristic design situations.

Edit Load Cases and Combinations

==

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

Existing Combination Expressions CE No. Combination Expression Description
cEl |us 3 sis

SCh CE2 SLS

ST || General

us
-

5 CE4 5LS
| — - | Design Situation

ISIFF SLS - Frequent

Settings
Consider:
Favorable permanent actions
[ imperfection load cases...
[C] Differently for each combination expression
[ individually fsimultaneously acting load cases...

[ Differently for each combination expression

Reduce number of generated combinations by:
[7] Reducing number of load cases

[ Examining resuits

] Selcting leading variable actions

MNumbering of Generated Combinations

First number of generated

Load combinations: 1%
Resutt combinations: U=
<[ I v | | Comment

() (&) (5] o

EN 1980 | CEN

- 8]

Result Combinations:

[¥] Generate additionally Either/Or result combination
(result envelopes)

] Generate addtionally = ssparste Ether/Or result combination for
each combination expression
Generated Load Combinations

Method of analysis

[Secondonder anabysis (P Detia)  ~

Disabling SLS design situation

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

Existing Combination Expressions CE No Combination Expression Description

SCh CE2 5LS

SIFr C 5LS General

SamC

Design Situation

S ULS (STR/GED) - Permanent / transient - Eq. .10

Settings
Consider.
[ Favorable permanent actions
Imperfection load cases...
Differently for each combination expression

[ Differently for each combination expression
Reduce number of generated combinations by:

[=] Reducing number of load cases...
[] Bxamining results
[ Selecting leading variable actions

Numbering of Generated Combinations
First number of generated
Load combinations: 1

v ||

Result combinations: 1

Comment

[ Individually simultanecusly acting load cases... =

EM 1990 | CEN

- (@8

Result Combinations

Generate additionally Either/Or result combination
{result envelopes)

Generate additionally a separate Either/Or result combination for
each combination expression
Generated Load Combinations

Method of analysis

[Second-order analysis (P-Deba) |

- [

Activating imperfections for ULS design situation

We select CE1. To consider the imperfections, we check the Imperfection load cases option. As
imperfections are not relevant for SLS, we select the Differently for each combination expression
option as well (and will later deactivate the imperfection load cases for CE2).
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The Settings dialog box is opened. We activate the Subject to specific load cases option.

Settings

P

Imperfection Load Cases

Use Load Cases of Type "Imperfection’

LC Load Case Description Use

LC5 | imperfection towards +X
Imperfection towards +Y
Options

Al imperfection load cases as altemative

without imperfection

[] Remove all load combinations without imperfection

[] Prefer common assignment of imperfections

ubject to specific load cases

[] Remave co-existence of the same load combination with and

Onlfy with Load Cases : Mever with Load Cases
LC4

| T —
I /I

Select Load Cases ‘

] Lc1 Seff-wsight
O (e 2 Imposed loads
Lc3 Wind in +X
[} Lcd Wind in +Y

Al

m

Dialog box Settings and Select Load Cases

To reduce the number of combinations, we exclude all combinations in which imperfections
act in different directions than wind (see figure above). LC5 is never to be combined with LC4,
LC6 never with LC3. We can use the [...] buttons to allocate the load cases.

2.3.4 Action Combinations

When we click the tab Action Combinations, RFEM combines the actions according to EN 1990.

Edit Load Cases and Combinations

[

Existing Action Combinations

ACT 135G

&1 AC2 1.35G + 1.50QiD

STR AC3 1.35G + 1.50QiD + 0.50Qw
AC4 1.35G + 1.50Qw

ACS 1.35G + 1.05QiD + 1.50Qw
Sichl ACE 1.00G

Bichl ACT 1.00G + 1.00QiD

Sichl ACB 1.00G + 1.00GiD + 0.60Qw
SieRl ACS 1.00G + 1.00Qw

SiERl ACTD 1.00G + 0.70GID + 1.00Qw

m v

Al{10) -

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

AC No. Action Combination Description
3 1.35G + 1.50QD + 0.90Qw

General

(=] @

Use

Design Situation

ULS (STRAGED) - Permanent / transient - Eq. 6.10

Actions in Action Combination AC3

No. | Factor Action Descrption | Leading
1 1.350 Al Pemmanent O
2 1500 [EHE A2 Imposed =
3 0300 A3 |Wind O
Bt List and number
load combinations:  CO7 ... CO10 (4/36)
Comment

135

1.50

EN 1980 | CEN

w
LC1
Lc2
0,60 (LC3 LC4

Load Cases

Dialog box Edit Load Cases and Combinations, tab Action Combinations
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There are five combinations for the ULS and SLS design situations each.

We can select any combination and check on the combination parameters via the [Info] and
[Combination Coefficient] buttons.

2.3.5 Load Combinations

Next we click the tab Load Combinations. RFEM calculates 36 load combinations altogether.

Edit Load Cases and Combinations Ié

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

Existing Load Combinations CO No. Load Combination Description To Solve
STR Je)] 1.35°1C1 = 8 STR 135101 + 1512 + 0.5°1C3 + LC5 E]

coz 1.35°LC1 +LC5

co3 1.35°LC1 + LCE General | Calculation Parameters

| STR [eel) 1.35°LC1 + 1.571C2

Load Cases in Load Combination CO8 0
€05 |1357CT+151C2+1C5 No. | Factor Load Case Acion Leading . v
CO6 | 1351CT+1.57C2 +LCB 1 1.350 LC1 - Self-weight A1 - Permanent O 135
[e 1.35°LC1 +1.5°1C2 + D.5°LC3 2 1.500 [EHE LC2 - Imposed loads A2 - Imposed = 150
STR | 1.35°LC 1 + 15°.C2 + D.9L.C3 + LC 3 LC3 -Wind in +X A3 - Wind O 150| 060
009 | 135001 + 15002+ 09104 4 1.000 NP LC5 - Imperfection towards +X O

coto 1.35°1C1 + 1.5°LC2 + D.9°LC4 + LC
[STR Jeloal] 1351C1 +15°1C3

[STR o) 135°1C1 + 1.5°1C3 + LC5

[STR o)k} 1.35°1C1 + 1.5°1C4

[STR el 1.35°LC1 + 1.5°1C4 + LC6

Co15 1.35°LC1 + 1.05°LC2 + 1.5°LC3
B Co16 1.35°LC1 + 1.05°LC2 + 1.5°LC3 + L
co17 13571C1 +1.05°LC2 + 1.5°LC4
[STR Juaf} 13571C1 +1.05°LC2 + 1.5°LC4 + L
Sichl CO19 LC1

Sichl CO20 LC1+1C5

Sichl CO21 LC1+LCE

Sichl CO22 LC1=LC2

Sichl CO23 LC1+LC2 + LCB

Sichl CO24 LC1+LC2 + LCE

Siehl CO25 LC1+1C2 + D.6°LC3

Sichl CO26 LC1+1CZ2+06°LC3 +LCH
Siehl Co27 LC1+1C2+0.6°LC4

Sichl CO28 LC1+1C2+06°LCA +LCE
Siehl CO29 LC1+1C3

SEEC03  |101=1C3+105

<| n ]

A1) -

[

D Comment

b_{
[l
@

Dialog box Edit Load Cases and Combinations, tab Load Combinations

The loading of a load combination is treated as one load case which is calculated according to
the second-order analysis (P-Delta) by default. We can check on the Calculation Parameters.

- Calculation Parameters

Method of Analysis Options.
) Geometrically linear static anah's\s‘( ] Modify loading by factor:
@ Second-onder analysis (P-Delta) Divide results by loading factor

() Large deformation analysis

@ Postorlical anaiysis DMudify stiffness (matenial, cross-sections,

members, load combination)

Method for Solving System of Dﬂdiva‘le axira options
Monlinear algebraic equations
Newton-Raphson Consider favorable effects due to tension of members
MNewton-Raphson combined with Ficard
@ Picard Refer intemal forces to deformed
- structure for:

Mewton-Raphson with constart stiffness matric

Normal forces N
Modiied Newlon-Raphson Semattorses
Shearforces Vyand Vz

Moments My. Mzand Mt

Dynamic relaxation

Try to calculate kinematic mechanism
(add low geometric stiffness in first iteration)

[] Apply separate number of load increments
for this load combination:

Tab Calculation Parameters of a load combination

I RFEM Training Manual © 2016 Dlubal Software GmbH




2 Concrete Model / I\

Project Mavigator - Data

T RFEM

9@ Concrete Model [Training]

] Model Data

[=®+"] Load Cases and Combinations

<

B

H-a
¥ Result Combinations

-_4 Load Cases

----- | LC1: Self-weight

----- ) LC2: Imposed loads

----- | LC3: Wind in +X

----- | LC4: Wind in +Y

----- | LC5: Imperfection towards +X
----- | LC&: Imperfection towards +Y

0¥ Actions

----- ] Al: Permanent

o

C-o¥ Combination Expressions

----- |3 CEL: ULS
----- B CE2: S5Ls
----- 3 CE3: 515
----- 3 CE4: 515

o Action Combinations

----- 23 AC1:1.35G

----- 0 AC2:1.35G + 1.50QiD

----- =0 AC3:1.35G + 1.50QiD + 0.900)
----- | AC4:1.35G + 1.50Qw

----- |0 AC5:1.35G + 1.05QiD + 1.500)
----- =0 ACH:1.00G

----- | ACT:1.00G + 1.00QiD

----- | ACE:1.00G + 1.00QiD + 0,600
----- 0 AC9:1.00G + 1.00Qw

----- | AC10:1.00G + 0.70QiD + 1.00¢
& Load Combinations

) RC1: ULS (STR/GEQ) - Perman
) RC2: 5LS - Characteristic

- Loads

..... |_J Results

..... | Sections

----- |_J Average Regions

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

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

i |

ﬁData ﬂDisplay AViews

Dlubal

2.3.6 Result Combinations

Finally, we click the tab Result Combinations to automatically create an envelope of all results.

et Load Cases and Combinations =5
| Load Cases | Actions | Combination Expressions | Action Combingtions | Load Combingtions | Result Combinations
Existing Result Combinations RC No Result Combination Description Solve
ULS (STR/GEO) - Pemmanent / lransie [ + ULS (STR/GED) - Permanent / ransiert - Eq. 6.10 -

Sich RC2 5LS - Characteristic

General | Calculation Parameters

Existing Loading Loading in Result Combination RC1

Il LCT Seff-weight - Factor No Description Criterion Group
EE LC2 Imposed loads ] 1.00 co1 1.35°1C1 Pemanent 1
LC3 Wind in X 1.00 coz 135"1C1 +LC5 Pemanent 1
LC4 Wind in +Y 1.00 co3 135"1C1+LC6 Pemanent 1
LCs Imperfection towards +X 1.00 co4 1.35°LC1 +1.5°LC | Permanent 1
[ imp Qe Imperfection towards +Y 1.00 cos 1.35°C1 +157LC | Pemanent 1
col 1.35°1C1 1.00 coe 1.35°1C1 +15"C | Permanert 1
coz 135°LC1 + LCS "y 1.00 co7 1.35°LC1 +1.5°LC | Permanent 1
co3 135"1C1 + LC6 = - 1.00 cos 1.35°LC1 + 15°LC | Permanert 1
co4 1.35°LC1 =+ 1.51.C2 g 1.00 cos 1.35°1C1 +15"C | Permanert 1
Cos 1.35°LC1 = 1.5°LC2 = LCB 1.00 coio 1.35°LC1 +1.5°LC | Permanent 1
coe 135"1C1+15*1C2 + LC6 1.00 con 1.35°LC1 +15°LC | Permanent 1
co7 1.35°LC1 + 1.5°.C2 = 0.9°1C3 Q 1.00 co12 1.35"1C1 +15°1C | Permanert 1
cos 1.35°LC1 + 1.57LC2 =+ 0.9°LC3 1.00 co13 1.35°LC1 + 1.5°LC | Permanent 1
cos 135°1C1 + 151C2 + D.91.C4 = 1.00 co14 1.35°LC1 +1.5°LC | Permanent 1
coin 1.35°LC1 + 1.5°L.C2 = 0.9°L.C4 1.00 Cco15 1.35°LC1 +1.05°L | Permanert 1
con 1.35°LC1 + 1571.C3 — 1.00 coie 1.35°1C1+1.05°L | Permanent 1
€012 |135°CT + 157.C3 +LC5 1.00 €017 | 1.35°LC1+1.05°L | Pemanent 1
co13 1.35"1C1 +15°1.C4 1.00 coig 1.35°LC1 + 1.05°L | Permanert 1

CO14 | 1.35°LC1 +1.57LC4 + LCE

CO15 | 1.35°LCT1 + 1.05°LC2 + 1.5°LC
CO16 | 1.35°LC1+1.05'LC2 + 1.5°1.C
CO17 | 1.35°LC1 +1.05°LC2 + 1.5°LC
C018 | 1.357LC1 + 1.05°LC2 + 1.5°LC
Sich CO19 [ LC1

SiCh CO20 [LC1+LC5

Sch Co21 LC1+LCE 52

r Al (44) v | [2a v ||[10 4 v

I — » | | comment

o
e - % ‘B = &
ok [ comea |

Dialog box Edit Load Cases and Combinations, tab Result Combinations

There are two result combinations — one for the ULS and one for the SLS design situation.

In a result combination, the maximum and minimum values of internal forces, deformations,
support forces etc. are determined. The model is not recalculated. Instead, the results of the
involved load cases or combinations are superimposed.

For result combinations, alternative evaluations with the "or" criterion are recommended. It
may be a problem, however, to combine the results with the "+" criterion in models with non-
linear elements such as ties, cables, releases or supports. In such cases, a warning appears.

All load cases and combinations are listed in the Data navigator, too.
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Self-Weight

[] Active
Factor in direction:
X 0.000 5
Y: 0.000 5
Z: 1.000 %

LE2 -Imposed loads

&

H
H
H

24  Loads

We will now define the loads of each load case.

24.1 LC1:Self-Weight

When we created LC 1, the factor 1.000 in Z-direction was set by default (see chapter 2.3.1,
page 43): The self-weight of all surfaces and members is applied automatically.

Dlubal

As there are no additional loads, we are done with the first load case.

24.2 LC2:Imposed Loads

We set LC2 in the list.

Then we click the [New Surface Load] button to define the loads of the floor and ceiling slabs.

In the New Surface Load dialog box, we make sure that the Load Type Force, the Load Direction

ZL and the Load Distribution Uniform are set.

We enter the Load Magnitude 5.0 kN/m? (see page 11).

-
Mew Surface Load

No.
1

Load Type

@ Force

() Temperature
() Aial strain
() Precamber

() Rotary motion..

Load Distribution
@) Uniform

() Linear

() Linearin X
() Linearin Y
() Linearin 2

Load Magnitude
Node Mo
1

1
1

Comment

On Surfaces No.

Load Direction

Local
related to true area:

- Global
|| related to true area:

Global
related to projected
area:

Magnitude
B 50012 knam
B2 | I kb
n ]| ki)

X
® YL
@zl
® P
®Yp
©zp

Load Type "Force'
Load Distribution ‘Uniform’

Load Direction "ZL*

\

Dialog box New Surface Load

We set the load by clicking the two floor surfaces 1 and 2 (see figure below).
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Setting surface loads

We continue and set the load on the ceiling surface 3, too. After that, we double-click the ceil-
ing load and correct the load value to 2.0 kN/m? (see page 11).

[ Edit Surface Load
No. On Surfaces No. Load Type ‘Force'
1 b ‘ Load Distribution Uniform
Load Type Load Direction
@) Force Local Dx
®T related to true area: ®v
() odial strain Bz P
() Precamber
Global
(=) Rotary motion.. related to true area: gi
Load Distribution @z
©) Uniform Global ) @ XP
@ Linear g:;dto projected o Ye
() Linearin X ®zr
() Linearin
() Linearin Z
Load Direction "ZL'
Load Magnitude
Node No. agnitude
st |1 - 2 2002 kM/m2]
2nd: [1 - e | ER] wNmn
3 1 -1[%] e | B whim2)
Comment
[ vl‘
L A

Modifying surface load
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24.3 LC3:Windin+X

We set LC3 in the list.
Compression side
For the wind compression in axis A, we apply one surface load and two line loads.

Surface load

We select the wall (surface 4) and then click the [New Surface Load] button.

In the New Surface Load dialog box, we set the Load Direction XL and enter the Load Magni-
tude 0.40 kN/m? (see page 11).

. N
Mew Surface Load [

No. On Surfaces No. Load Type "Force'

1 4 Load Distribution "Uniform’
Load Type Load Direction
@ Force Local Ox

_ lated to t " -
© Tempersiure EEEbhEEEE o
() Aial strain &z P
) Precamb -

i | Global @ XL
() Rotary motion... = || |related to trug area:
Lozd Distribution o
@ Uniform Global @ XP
@ Linear related to projected P

- area: -
() Linearin X o zP
() Linearin Y
() Linearin 2

Load Direction XL

Load Magnitude

Node Mo Magnitude

1 Y o 04015 r|| [kN/m?]
1 & | ] tkhiim]
1 e T ke

Comment

\ A

Dialog box New Surface Load

Line loads

For the remaining area of axis A, we have to allocate the surface load to the lines of the floor
and ceiling slabs. The line load is 2 - 0.40 kN/m? - 3.25 m = 0.65 kN/m for each line.

We click the [New Line Load] button to open the New Line Load dialog box.
We make sure that the Load Type Force and the Load Distribution Uniform are set.

Then we set the Load Direction XL and enter the Load Parameters 0.65 kN/m (see figure below).
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New Line Load

No. Reference to On Lines No.
1| ©lies
() List of lines @
Load Type Load Distribution Load Direction
@ Force () Concentrated: Local x
©) Moment r.elded totrue ®y
line length: ®:
© Uniform |
Global @ XL
) Trapezoidal ﬁ:g;]‘:m oYL
() Tapered @ZL
() Parabolic W . o d
© Varying... ol e
® zr

oad Parameters
p [ tsEpwe| A [ Elm

T ooe [ Efm

|| Relative distance in %

["] Load over total length of
line:

pz:

Comment

Load Type ‘Force’
Load Distribution "Uniform’

omton

Load Direction "Global X1

@) (] (@]

ok J[ Coneel |

\

Dialog box New Line Load

We set the load by clicking lines 13 and 5.

Setting line loads
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For the wind suction in axis F, we apply two surface loads and two line loads.

Surface loads

We select surfaces 6 and 7 and then click the [New Surface Load] button again.

We set the Load Direction XP and enter the Load Magnitude 0.25 kN/m? (see page 11).

-
Mew Surface Load

[S=)

No.
2

Load Type

@ Force

() Temperature
() Aol strain

() Precamber

() Rotary motion...

Load Distribution
@) Uniform

() Linear

() Linearin X

() Linearin Y

() Linearin Z

Load Magnitude:
Node No.
1

1
1

Comment

On Surfaces No.

67

Load Direction

Local
related to true area:

Global DXL
related to true area: YL
BZL
Global @ XP
related to projected _
area: = P
© 2P

Magnitude

0255+ [kN/mi]

T k2]
| kMsmz]

Load Type "Force'
Load Distribution ‘Uniform’

Load Direction "XP'

\

Dialog box New Surface Load

Line loads

For the remaining area of axis F, the converted line load is %2 - 0.25 kN/m? - 3.25 m = 0.41 kN/m.

We click the [New Line Load] button.

In the New Line Load dialog box, we enter the Load Parameters 0.41 kN/m (see figure below).
The Load Direction XL is preset.
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No. Reference to On Lines No.
2 || @uUnes
() List of lines @
Load Type Load Distribution Load Direction
@ Force () Concentrated: Local x
©) Moment r.elded totrue ®y
line length: ®:
@ Uniform
Global @ XL
) Trapezoidal ﬁ:g;]‘:m oYL
() Tapered @ZL
() Parabolic = . R
© Varying... ol e
® zr

Load Parameters

b v o [ Bl
po [ ] wvm e [ Elm
4

|| Relative distance in %

["] Load over total length of
line:

Comment

@

Load Type ‘Force’

Load Distribution ‘Uniform’

omton

Load Direction "Global X1

@) (] (@]

ok J[ conca |

\

Dialog box New Line Load

We set the load by clicking lines 3 and 11.

Setting line loads
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LC4 - Wind in =¥

Surface Load
Select Surfaces

Selected:

558

Clear oK

Cancel

Dlubal

244 LC4:Windin+Y

The wind loads of axis 6 and 1 can be defined analogously. Instead, we will use the tables now
to enter the load data.

Surface loads
We go to table 3.4 Surface Loads.
In the table toolbar, we set LC4 in the list.

By clicking in cell A1, the button [N] becomes available. We use it to select surfaces 5,6 and 8
in the work window.

3.4 Surface Loads X
= EE= 3&|0 ] 00| X e 3 | = @) S ] o -winany - < | >3
A B C [ E | F I G H | I I J ~
Load Load st Comer Point 2nd Comer Point [
No. | OnSufagesMo. | Load Type Distribution | Diregtion | No. | p fcN/m?] | No. pz
568 wl|  Force unform |[YP_ - | 0.40([
2 % S Toearmx (1)
3 y - Localiny (2) E
4 z - Localin z (3) 1
5 XL - Global in X on true area
[ ¥L - Global in Y on true area
7 ZL - Global in Z on true area
8 P - Global in X on projected area L5
E -
4 1 ZP - Global in Z on projected area (3
Nodal Loads | Member Loads | Line Loads | Surface Loads | Solid Loads | Free Concertrated Loads | Free Line Loads | Free Rectangular Loads | 4[4[ v[m
Direction of Surface Load (F7 to select).
Defining loads in table 3.4 Surface Loads
Then we select the Load Direction YP from the list and enter the load p 0.40 kN/m?,
The load is immediately shown in the work window.
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Line loads
We go to table 3.3 Line Loads.

For the compression load, we again use the button [F] to select lines 26 and 28 graphically.
The Load Direction is YL, the load p 0.65 kN/m.

The line load on the suction side is to be set on lines 2 and 10. The Load Direction is YL as well,
but the load p is 0.41 kN/m.

A0

3.3 Line Loads x

EHEEE SO | [F (=[5 6] e | FEQ|m % @) o-Windinsy - [ Q]2
[ A [ = D E F 1 & [ ® [ 1 J=

Load Load Line Load Parameters B

Na. Reference to On Lines No. Load Type Distribution | Direction | p [kN/m] | p2 A B
1 Lines 26,28 Force Uniform YL 0.650
Lines 210 & Force Uniform YL 0.410 E
3 £
4

5] |

[ -

| 1 | ¢
Nodal Loads | Member Loads | Line Loads | Surface Loads | Solid Loads | Free Concentrated Loads | Free Line Loads | Free Rectangular Loads | 14] 4 [ » [#1

List of Lines with Line Load (e.g. '1-3,5,7)

Defining loads in table 3.3 Line Loads
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2.4.5 LC5:Imperfection Towards +X

LES - Imperfection towards ~ We set LC5 in the list.

Then we click the [New Imperfection] list button to open the dialog box New Imperfection.

G- ERATS K T

We make sure that the Direction z and the Inclination 1/¢0 200.00 are set.

v
ﬁ Mew Free Concentrated Load...
85| New Free Line Load.. According to EN 1992-1-1, we can reduce the Precamber L/w, to 0.00 (see page 11).
#7 | New Free Rectangular Load... - -
¥ | New Free Circular Load... Mew Imperfection ﬁ
| New Free Palygon Load... No. Reference to On Members No.
1
¥ 1 @ Members
,g’ Mew Imposed Line Displacement... ';' List of members ~=
() Sets of members
M New Imperfection...
IA\) Direction Parameters
Local axis: (7 y Reference: @ Relative
@z () Absolute
Principal u
is: Inclination 170 : 200.0015)| [
s ; nclination 1/p0
Precamber Lwo : H
e
Comment
-
. OK ] [ Cancel

Dialog box New Imperfection

After [OK], we use the Views Navigator to display only the columns: Among the Visibilities,
we check the option Rectangle 350/350. Then we draw a window around the entire model.

Project Mavigator - Views

X

3B &

User-defined vigws:

=4

Visibilities
%) 4

User-defined / generated:

BRI % )[X

-[B]'Z8 Userdefined
i [ 23 Group 1
‘e Generated
[ 23 Lines by Type
| Lines with Support
M i

[] @ 2- Rectangle 2004150
—
#1-[] £ Members by Type

1-[] 2 Surfaces by Eccentricity

- itatentat

m

EEIENENE W E

Add new objects into visibility:

| — |
ol Data @Displayl A Views |

L

Activating columns in Views navigator and selecting all columns
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Imperfections towards +X

2.4.6

L& - Imperfection towards =

Finally, we set LC6 in the list

|8~

1 FPhi=

200,00
1/=7= 200,00
14Phi= 200,00 - -
=
I'. ! 1:Ph|7 00.00 I'. 1iPhi= 200,00
\ ". \ |
1/Phit J00.00 \ = I"
A i lllll I|| '| Ij /Phi= 200.00 \ 1/Phi= 200,00
I ll II |I III |I-. .
Illl '| .I | \ . |
'. , \ | 14Phi= 200,00 |
{ \ o "
'. \ " "'
. \ 5 "
| \ I|I |
\

N

Z

LC 6: Imperfection Towards +Y

We click the [New Imperfection] list button again. In the dialog box New Imperfection, we
make sure that the Inclination 1/¢,200.00 and the Precamber L/w, 0.00 are set
We change the Direction to the local axis y

New Imperfection [&J
No. Reference to On Members No.
’
1 @ Members
~ List of members =
~) Sets of members
i
Direction Parameters
Local ais: @y Reference: @ Relative L
@z () Absolute
Principal u =
s Inclination 1/pp : 200005 [
Precamber LAwo : 0.00H [
e
=i
Comment
-
OK ] [ Cancel
Dialog box New Imperfection
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After [OK], we select all columns again by drawing a window around all columns.

[ ewi= 200,00

|

| | 1= 20000
| |
|

|

[ 1Phi= 200,00
III “a II
[ | 1fhi= 20000 ||
I
f
/
f
|

|
|
|
i
|
|
|
|

|

|

| |
| i i

! 1fhi= 20000 | | '

! “ | 1Phi=20000 | |

[ |

/
|
|

f
i

200.00

1
§ 14Phi= 200.00

1iPhi= 200.00
|

¥
r 4.——/
4

Selecting all columns
To display the entire model again, we cancel the Visibility Mode

Project Mavigator - Views
o)) (=) (=)=

User-defined views:

S| K

@

Visibilties

EJIL ]
ancel Visibility Mode h

User-defined / generated:
=-[E] &8 Userdefined -
[ 23 Group 1 N
=] [B] & Generated
[ 23 Lines by Type
[] 23 Lines with Support
il 77 Rectangie 3507350
[] [ 2- Rectangle 200/150
] 23 Members by Material
] 23 Members by Type
[] 3 Surfaces by Eccentricity -

EREIENEWEW N ENE

Add new objects into visibility:

m

ﬁData ﬂDisplay ,{j\c‘iews

Cancelling Visibility Mode in Views navigator
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2.5 Calculation
2.5.1 Plausibility Check

The plausibility check detects incomplete or missing entries of the input data. It will not reveal
all input errors, especially instabilities resulting from release or support definitions.

IS ™
Plausibility Check =
Check Type of Check
Model data () Normal
Load data @ With wamings

() None, only statistic
Which Load Cases L
() Cumrent load case Option
@ Al Generate FE mesh
Detect collisions of solids
[ ok ][ cancel
- 4

Dialog box Plausibility Check

We set All load cases for this check. If our input data is correct, RFEM detects no errors.

2.5.2 FE Mesh

2.5.2.1 Generation

As the option Generate FE mesh was enabled in the dialog box Plausibility Check (see figure
above), the FE mesh is generated automatically. RFEM applies a basic FE mesh width of 50 cm
by default, which is convenient for our example.

Model with FE mesh

The settings of the mesh generator can be checked via menu Calculate — FE Mesh Settings.
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FE Mesh Settings

General
Target length of finite <
elements IFE: 0.500 =¥ [m]

Maxdmum distance between a
node and a line to integrate it into
the line &

0.001 = m)

500

Maxdmum number of mesh nodes

{in thousands) maE:

Members

Number of divisions for special types of

members

(cable, elastic foundation, taper,

nonlinearity): 10

Activate divisions for straight members, which are not integrated
in surfaces, with concrete material category group {necessary
for nonlinear calculation)

Minimum number of member

divisions: 10k

Activate member divisions for large deformation or
post-critical analysis

[ Use division for straight members, which are not
integrated in sufaces, with

@

1

Use division for members with nodes lying on them

@) &) (o8 (08 @)

Surfaces

Mzxdmum ratio of FE <
rectandle diagonals Ap: 1.800 | M
Maximum out-of plane
inclination of two finte
elements

« [omEHn

FE mesh refinement along lines
{with type Plate XY only)

Relationship A l:l

[ Integrate unutiized objects into surfaces

Shape of finite
elements

() Quadrangles only

(7 Triangles only

(@ Triangles and quadrangles

Same squares whers
possible

[ Mapped mesh prefemed

Solids

[ Refinement of FE mesh on solids containing closs
nodes
Mapdmum number of elements
{in thousands): 200

Option
[ Regenerate FE mesh on [OK]

Dialog box FE Mesh Settings

The target length is globally applied to all lines, members, surfaces and solids.

2.5.2.2 Mesh Refinements

Sometimes the FE mesh should be modified in specific parts of the model. Those are critical
areas such as corners of openings or areas with single loads. We can use mesh refinements to
define different lengths of the finite elements for particular areas or objects of the model.

To create a mesh refinement at the upper end of the inner wall (C/5), we double-click node 34.
In the Edit Node dialog box, we select the FE Mesh tab and then activate the Available option.

)

Edit Node

“
bode Coninnic= I Suppart" FE Mash l| Mew FE-Mesh Refinement Iﬁ

Node No. No
kT 1 M

Node No

FE Mesh Refinement

o] —

Type:

FE-Mesh Refinement Applied to
@ Node - circular

() Node - rectangular

1 Line - FE4ength

4 Line - division

Line - gradually

Surface

Salid

Parameters

Radius:

1.500 2]+ mI

Target FE length

0.100[2]+] m]
0.500 2]+ mi

- Inner:

- Outer:

Comment

@ ¥ @

Dialog box New FE-Mesh Refinement
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We define a mesh refinement within a radius of 1.50 m of the node. The Target FE length at the
center (Inner) is 0.10 m, at the boundary line of the refinement (Outer) 0.50 m.

After [OK], a sphere is shown around node 34 which symbolizes the refinement area. It affects
all lines and surfaces within the sphere, thus including the ceiling and the wall.

To generate the mesh with the new settings, we select menu Calculate — Generate FE Mesh.

FE mesh with refinement

2.5.3 Calculation Parameters
We now check the settings of the calculation by clicking the button [Calculation Parameters].
The Calculation Parameters dialog box opens. It consists of four tabs.

The Global Calculation Parameters tab controls all settings that apply to load cases, load and re-
sult combinations. The maximum number of iterations is preset to 100.

Due to the possible failure of the surface support, the option Supports and elastic foundations is
activated. If there are problems in the calculation, we could deactivate the nonlinearities to
find out if those are responsible.

We do not change the default settings in this tab.
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Calculation Parameters

Seftings

Maximum number of iterations: 1

MNumber of load increments for
- Load cases

- Load combinations:

Mumber of divisions of members for
- Resutt diagrams:

- Special types of members
(cable, elastic foundation, taper,
nonlinearity):

- Determination of mao/min values:

Subdivisions of FE mesh for graphical
results

Percentage of iterations of
Newton-Raphson method in combination
with Picard

Nenlinearities

Activate:

‘Supports and elastic foundations
Members due to member type
Member end releases
Member nonlinearities
Solids of type 'Contact
Materials with nonlinear mode!

lsotropic themmal-elastic materal model

00

v |5 v || v

i

Load Cases | Load Combinations | Result Combinations | Global Calculation Parameters

[

Options.
Activate shear stffnsss of members
{cross-sectional areas Ay, Az)

Activate member divisions for lange deformation or
post-citical analysis

Modify stiffness {material, cross-sections, members,
load cases and combinations)

Consider extra options
{load cases and combinations)

[ lanore rotational degrees of freedom

Check of critical forces of members

Method for system of (@ Dirsct

equations: terative

Plate bendingtheory: @ Mindiin
() Kirchheff

Solver version:

Reactivation of Failing Members

Check deformation of failing members and reactivate
where appropriate

5

Exceptional handiing

Failing members to be removed individually during
successive iterations

(@ Assign reduced stfiness to failing members

1000

Precision and Tolerance

[] Change standard settings

Convergence Diagram
[] Show for
Node No.:

FEnode No.:

u-X

Dialog box Calculation Parameters, tab Global Calculation Parameters

We can check on the settings in the other tabs. In the Load Cases tab, the Method of Analysis is
set to linear static analysis for all load cases. For Load Combinations, the default setting is the
second-order analysis (P-delta). In the Result Combinations tab, the quadratic combination is
disabled by default because it is only relevant for earthquake analyses.

2.5.4 Calculation

To select the load cases for the calculation, we apply menu Calculate — To Calculate.

We choose RC1 and RC2 by double-clicking them or via [»]. Then we start the calculation.

===

Description

ULS (STR/GEQ) - Permanent / transiert - Eq. .10
SLS - Charactenstic

To Calculate
Load Cases / Combinations / Module Cases ‘ Result Tables ‘
Not Calculated Selected for Calculation
Mo. ° Description - No. ’
CO14 | 1.35°LC1 +1.5°.C4 + LC6 RC1
CO15 |1.35LC1+1.05°LC2 + 1.5°LC3 SCh RCZ
[ CO16 [ 1.35°LC1+ 1.05°LC2 + 1.5°LC3 + LC5 |
CO17 | 1.35°LC1 + 1.05°LC2 + 1.5°LC4
CO18 |[1.35°.C1+1.05°LC2 + 1.5°LC4 + LCE
SCh CO19 |LC1
SCh CO20 |LC1+LCH
SCh CO21 |LC1+LCE
SCh CO2Z |LC1+LC2
SCh CO23 |LCT+LC2+1CH
S€h CO24 |LC1+LC2+LCE
S€h CO25 |LC1+LC2+067LC3
SKCh CO26 |LC1+LC2+067LC3 =1CH
SK€h CO27 |LC1+LC2+067LC4
S€h CO28 |LC1+LC2+067LC4 +LCE
S€h CO2% |LC1+LC3
SiCh CO30 |LCT1+LC3+1CH £
S€h CO31 |LCT1+LC4
S€h CO32 |LCT1+LC4+1CE
S€h CO33 |LC1+D7LC2+1C3
S€h CO34 |LC1+D7LC2+1C3 +LC5
S€h CO35 |LC1+D7LC2+1C4
SCh CO36 |LC1+071C2+1C4+1CE
Al -

Ll

Dialog box To Calculate
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LE2 -Imposed loads -

=]

Panel x

Global Deformations

u [rm]
16
14
13
12
1.0
05
07
06
05
03
02
00

Max : 16
Min : 0.0

Dlubal

2.6  Results

After the calculation, the deformations of the model are shown. We can adjust the display of
the various types of results to evaluate the analysis.

Glokal Deformstions w [mm]
RC1 : ULS (STRIGEC) - Permanent § transient - Eg. 6.10

Panel x

Global Deformations
u [rm]

A
KX
’4’;‘? .

|

Maximum deformations of RC1

2.6.1 Results Output

The results can be reviewed in the graphic window and in the tables. As with the loads, the re-
sults of each load case and combination are controlled by the list box in the toolbar.

Work window

The Results Navigator controls the types of results that are displayed in the graphics.

In the Panel, the settings of the colors, scaling factors and filters can be adjusted.

Results tables

The numerical results of the nodes, supports, surfaces or members are listed in different tables.

4.2 Nodes - Deformations x
BETE =858 =@ o ussreo- - | < > | P2 B @ @
B [ C [ D E [ F [ G -
MNode Displacements [mm] Rotations [mrad] il
Na. ux uy uz X L [F4 i
Max 0.0 0.0 0.0 0.0 €01 0.0
Min 0.0 0.0 0.0 0.0 €01 0.0
2 Max 0.0 0.0 0.0 0.0 €03 0.0
Min 0.0 0.0 0.0 0.0 04 0.0
3 Max 0.0 0.0 0.5 0.1 @01 0.0
Min 0.0 0.0 04 0.1 €01 0.0
4 Max 0.1 0.1 06 0.1 0.0 0.0
Min 0.0 0.0 04 02 €01 0.0
5] Max 0.0 0.0 0.2 0.1 @01 0.0
Min 0.0 0.0 0.1 0.1 €01 0.0 -
Resutts - Summary | Nodes - Deformations | Lines - Support Forces | Members - Local Deft 1 | Members - Global Def ions | 4[4[ [m

Table 4.2 Nodes - Deformations of RC1 (maximum/minimum results)

By default, the selection of objects is synchronized between tables and work window.
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RC1 - ULS (STR/GEDY) - Permanent ) ™

oM Lo@ 4=

| Wireframe Display Model
® | Solid Display Model
® Solid Transparent Display Model

2.6.2 Deformations

2.6.2.1 Surfaces

The Global Deformations of all surfaces and members are set by default.

Project Navigator - Results

[=8M[ig] Global Deformations
LOM u

[-[],La Members

-] Surfaces

-]V Criteria

[-[] 4% Support Reactions
[-[]2 Values on Surfaces
(- [B] 1 Result Combinations

ﬁData gDisplay _ﬁ\iiews  Results

Setting Global Deformations in Results navigator

Dlubal

We can also display the components of the deformations and rotations with reference to the

global axes X, Y and Z.

We make sure the results of RC1 are set. For a result combination, the extreme values can be
displayed together or separately. We set the Max-values of the deformations uz, for example.

Project Navigator - Results X

=[] Global Deformations

[-[],5 Members

(-] Surfaces

-] Criteria

i-[] 4* Support Reactions
-] 124 Values on Surfaces
=B Result Combinations
® 0 Max-values
O Min-values
O Max and Min-values

ﬁData gl}isplay _ﬁ\iiews © Results

Maximum deformations uz of RC1

The Wireframe model renders an improved view of the results.
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2.6.2.2 Members

We display the Global Deformations u again.

In the Filter tab of the panel, we disable the surface results by setting None.

Panel x

. Show diagrams for surface
Project Navigator - Results * / K\ . numbers:
BE.EM‘:’[] Global Deformations g ST -----T---_""'---._
..... [Cle kT ! A
..... O ux / [None |
----- O uy PR
----- OM uz £
..... OF ox i) / .
..... O ov 1 73
..... O ez -~

[-[],La Members

-] Surfaces

-]V Criteria

[-[] 4% Support Reactions
[-[]2 Values on Surfaces
=[BTV Result Combinations
@1 Max-values

O Min-values

O Max and Min-values

-+

ﬁData @Display ,ﬁ\c’iews  Results

Maximum member deformations of RC1

The member results are shown as lines by default. We change those settings in the Display
navigator by choosing Cross-Sections Colored.

Project Mavigator - Display
E-[¥]5 Model

[#]4 Loads

BEE Results

-[] E Result Values
----- [ Title Info

----- VI Max/Min Info

=B0] [Deformation

----- O Cross-Sections

L ----- @[ Cross-Sections Colored
----- Show extremes

----- [JJF Display local torsional rotat
..... [ supports — |

..... I Modal Displacements — -8

..... [ Connecting Lines — -
----- [ Outlines of Deformed Surfaces !
- [E [ Members E
1L |

<
ﬁDatal @Display |_é\c'iews  Results

3

Colored display of cross-section deformations
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Panel X

Show diagrams for suface
numbers:

Al

None

(€]

() Members

Surfaces

2.6.3 Internal Forces
2.6.3.1 Selected Results of Surfaces

To display the bending moments of the surfaces, we set All surfaces again in the panel. In the
Results navigator, we then activate the internal forces of the Surfaces, e.g. the moments mx.

Project Navi - Results X
-] Global Deformations
DE. Members

E|E|’ Surfaces
[-[E]® Local Deformations

L3

m

=

IQlData (& Display 4 Views © Results

Basic internal forces my of RC1

Filter surfaces

To display only the moments of the ceiling slab, we can use the Views navigator. We activate
the surfaces with 30 cm thickness among the generated Visibilities.

User-defined views:

BN o
%% EE @@ @

User-defined / generated:

=-[M] &3 Generated -
v 23 Lines by Type
-] 23 Lines with Support L
-] 23 Members by Cross-Section
-] 23 Members by Material
+-[] 2 Members by Type
0[] [ Surfaces by Eccentricity
- ‘a8 Surfaces by Geometry
[] M Plane
] M Quadrangle
-] 23 Surfaces by Material
-] 2 Surfaces by Stiffness
-] 3 Surfaces by Support
-[¥]\Zd Surfaces by Thickness

Ll

m

.
&
&

FRENENENE) = I_I
["] Add new objects into visibility:
|

IQ/Data [ Display | 4 Views | © Results

Activating visibility for moments of ceiling slab

Dlubal
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Visibities We disable the visibility mode again. In the Results navigator, we set the internal forces ny to
ENES EET display the axial forces. Then we draw a window that includes only the wall surfaces.
[Eluserscined /genersed | In the Filter tab of the panel, we then use the [X\] button to set the wall surfaces in the list.
Panel *

=" Show diagrams for surface
~ | numbers:

Project Mavigator - Results ®
] Global Deformations -
[1,% Members
=[] Surfaces
E‘O Local Deformations
Elli‘ﬁ Basic Internal Forces

m

(€] O

Import from Selecti

(- [B] ' Principal Internal Forces
(- [B]® Design Internal Forces
[-[B] ¥ Stresses

(- [E] 2 Strains
[£
[£
[£

=

] @ Surfaces

- [B] € Plastic Strains

- [B]  Crack Strains

- [B]  Contact Stresses

(- J07D Criteria -
aData @Display ,ﬁ\c’iews  Results

Basic internal forces ny of walls (RC1)

Filter results

We reset All surfaces in the panel. In the Results navigator, we activate the contact stresses 6.

There are singularities at the column nodes that result in a slightly distorted view of the stresses.
We can adjust the panel by double-clicking the color spectrum.

’ ™
Edit Iscband Value and Color Scales ﬁ
TI000E l»_
.
Fill
.
Fill Maoe/Min
SR X
40.00 15
Color Scale
e
[ Apply to all resutt
1 diagrams
[ E-Format
Double-click on the color panel
to change colors.
L
[ ok ][ cance
i A

Dialog box Edit Isoband Values and Color Scales

We enter 110.00 as maximum stress and then [Fill] the intermediate values.
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Panel

|| Contact Stresses
II gz [kM/m?]

\ 110.00
100.00
50.00
Project Mavigator - Results | 20.00
-] Global Deformations ! 70.00
1,5 Members 60.00
ElE‘Q Surfaces 50.00
#-[B]® Local Deformations 40.00
[#-[B] ® Basic Internal Forces 30.00
a-E Principal Internal Forces 20.00
a-E Design Internal Forces 10.00
[ [B] > Stresses Wy

- [B] € Strains
[-[B] ® Plastic Strains I'U'I.ax : TEEED
[-[B]® Crack Strains e 0

=-[B] > Contact Stresses

i1 Criteria
7-[] 4" Support Reactions

[

2

[-[]129 Values on Surfaces
[#-[B] 70 Result Combinations

ﬁData gDisplay ,é\c'iews  Results

Z

Contact stresses o of floor slab (RC1)

Multi-window display

To use several windows with different views, we select New Window on the Window menu.
Then we select Tile Vertically on the same menu.

In the following figure, the strains gy are displayed for both sides of the quadrangle surface.

S Concrete Model, RC1™ EI@ ¥ Concrete Model, RCL” E@

RC1:ULS (ngRJGEO) - Permanent-i transient - EI‘} B RCT: ULS (STRIGH Ob - Permanent { transient - Eqp 6718,
e | .
|
|-

|
|
|
|
L

Project Navigator - Results
&[] Surfaces -
[E®> Local Deformations

-[E]%> Basic Internal Forces ‘ ‘

--[E]%> Principal Internal Forces
-[B]%> Design Internal Forces
B Stresses
-[E]> Strains
-0 o
[ EECIEE
O © ot
> O &
- -0 g
O 12 52
ﬁiData \gD\splay _gx\l\ews © Results

Wiz Eps-y + 0.00004, hin Eps-y,: -0,00002 -

Maix Eps-v,- 0.00001, Min Eps-y - -0.00002 -

Strains &+ and gy of quadrangle surface (RC1)

Then we [Maximize] one of the windows again.
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Panel
Display Factors
Deformation:

25

Member diagrams:

Surface diagrams:

Section diagrams:

Reaction forces:

Trajectories:

z 4

Panel tab Factors

Dlubal

2.6.3.2 Specific Results of Members

To display the results of the members, we deactivate the surfaces in the Results navigator.
Then we set the bending moments M,.

A
s/s{

Project Navigator - Results X pe \:
@[] Global Deformations 4 103
- [¢], 22 Members

(- [H],Za Local Deformations 9/58/1 AT
£-[H],%a Internal Forces g { R
/ﬁ 80
- e
|
2b2 |
I:. 105 : ;

“-43sg8p
..... O Mz e

[]-Eh Surfaces
-] Criteria

(-] 4% Support Reactions
f-[]129 Values on Surfaces
=-[E] 1 Result Combinations
@M Max-values

-CIF) Min-values

O Max and Min-values

5Data ﬂDisplay _{jViews D Results

Maximum moments My of columns and ribs (RC1)

In the Factors tab of the panel, we increase the display factor of the member diagrams.

We use the Views navigator to select the Rib member. When we set the Min-values in the
Results navigator, the greatest negative moments of RC1 are displayed at the wall supports.

Project Navigator - Views X
T Wi | =%
— — —

User-defined views:

/(% o[X

Visibilities
44 g

Userdefined / generated:

Members by Type
Wl Beam

| Surfaces by Eccentricity
[ 23 Surfaces by Geometry
[ 23 Surfaces by Material

[ 23 Surfaces by Stiffness
[ 23 Surfaces by Support

[w] 23 Surfaces by Thickness #

ERENENERERENEE)

Add new objects into visibility:

ﬂData gnisplayl ,é\fiews |9Results

Minimum moments M, of ribs (RC1)
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Result display

We display the

[Deformation] again.

Dlubal

In the Display navigator, we now set the option Cross-Sections Colored.

———

Project Navigator - Display

w-
[l
= [H
-
&
&
=[]

=

- (m]
-

Model -

Loads

Results

[ Result Values
[ Title Info

72 Max/Min Info
[ Deformation
-[B][F Members

@E Cross-Sections Colored
% Show extremes
I Display local torsienal rotations

-7 Supports

][ Modal Displacements

-1 Connecting Lines

-[JF3 Outlines of Deformed Surfaces

[ Members

[ Surfaces 7

T 2

m

F]
ﬁData

EDispla}r _ﬁ\c‘iews © Results

Minimum deformat

ions of ribs (RC1)

Result diagrams

03

—

—

We select the two ribs. In the context menu, we click the option Result Diagrams.

In the dialog box Result Diagram on Member, we add V. to display the shear forces of the ribs.

< Result Diagram on Member AR X
Members No: 10,11 - a> % i 8 Q& =L E - [Z]m | dhe ot | i [o]
|B5E | R uis sTR/GED) -Per = @ > Results with Ribs Companent |
0.000 1.000 2,000 3.000 4.000 5.000 6.000 7.000 8.000 9.000 10.500°
Ty il F IO TO 1PTTONE VOO TR IO I | eteedeeed x| 70008 ) [FlFxed
= [EiGlobai Deformations 210 M1t i
Mu Global Deformations - u [mm] Global Deformations u
lux x u
~ur m] mm)
~Ouz 0000 02 -
~Hex - 0000 01 L]
Oer 0.500 04
Doz 0.500 03
=[5 Local Deformations 0.500 04
D 0500 03
E uy 1000 07 -
-Ou
z [ Max/Min Only (] Edges Only
~ex
~Oey
~Oez Intrnal Forces - My [kHm] nternal Forces -y
[E] Internal Forces x My
(L E m] [khm]
vy § B = -~ 0000 -1084 -
V- = e ° H - 0000 14.54 [ ]
[ My . & L2 S @ : = & ~ 0.500 965
z E ' : A o o S 1 B e ]
i ) N%l::l::l::lﬁ%( g 2ekin | o I o 0300 1236
~[ve - 3 . o © 5 B b 3 = & 0.500 965
) s s £ & ] = -
[5] Strains & s = g & 1.000 2662 -
g = [7] Max/Min Only [ Edges Only
Txy
e
Do Internal Forces - Wz [kN] nternal Forees Yoz
~Oxy = x Vz
- K; E; im] kNI
P A
- [5] Result Combinations o = aa 5 = 00 6813
O Macvalues g g 2 z ¥ g = g 2 5 - 00 s253 L
O Min-values g & - > i ; 2 = [ N 0.500 1798
® Max and Min-val, == ] 2 8 ; ===""3 5 5 0500 3700
: 2 " o 2 [y © EELU & ® 0.500 4798
z o s Q 0.500 37.00
] 1.000 3072 -
in Oni iges Onl
7] Mase/Min Only  [] Edges Only
< m 13
Results 4 b
Activates the onent from the ribs to result diagrams. XVZ: 00,35 33m EndXV,Z 105 3.5 33 m Order: 1011

Dialog box Result Di

agram on Member

RFEM Training Manual © 2016 Dlubal Software GmbH

73



2 Concrete Model / I\

Dlubal

Smooth range
To view the moment redistribution effects at the wall support, we define a [Smooth Range].

Its length can be determined from the thicknesses of the wall and the slab as follows:
20cm+2-30cm/2=50cm

In the dialog box Smooth Ranges of Result Diagrams, we enter 5.25 m and 5.75 m. Additionally,
we apply the following settings.

Smooth Ranges of Result Diagrams ﬁ
Smooth Ranges Use for Results.
[ A [ B [ C - =) | M| Global Deformations

Mo. Start [m End [m Length [m] Active | - u |
MM 520] 5750 o500 = | TOx
21 T | ] ~Cuy
L3 ] ~Ouz
| 4 | g ~Oox
| 5 | g oy
| 6 | d -[oz
L7 | a - [B] Local Deformations
L a =-[B] Intemal Forcas
| 3 | a N
| 10 | a Ov
[ o [LIv=]
|12 | a M1
EN a =]
|14 | | v
| 15 | d -V
i | - [B] Strains
7| u] O
|18 | ] - ey

onps

Distribution E g

() Linear
ok [ conce

L S

Dialog box Smooth Ranges of Result Diagrams

We set the Min-values to display the redistributed negative moments of the smooth range.

Internal Forces - My [kNm]

|:| Internal Forces
(- [H] Strains © S /

- [H] Result Combinations

sl 1)
T78.05
62,48

; 3
B4 a
() Max-values b1 ) by
i = oM o™ - @ -
[@ Min-values z = & = - ] z g -
= — — [ L ' o — =4
() Max and Min-values e & 2] ol o - I I~

Result diagram with smooth range for moments M,
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2.6.4 Sections

Before we create a section through the model, we [Cancel] the visibility mode.

panes . We activate All surfaces again in the Filter tab of the panel.

anel

S In the Results navigator, we set the internal forces mx of the surfaces.

Al

_ Project Mavigator - Results X

MNone @[] Global Deformations -

‘é’s [1,% Members

=[] Surfaces

E‘@ Local Deformations |

=-[B] € Basic Internal Forces 3
&) X
() Members
@ Surfaces

O2 ny

(- [B] ' Principal Internal Forces -

85 ml ﬁ | ﬁData @Display Aviews D Results

Panel tab Filter Setting basic internal forces mx in Results navigator

Section in axis 2
s+ ¥ - A We use the [Section] list button to select the option Create Section Numerically.

| & | Create Section Through Surface Graphically... . X . . .
85 Create section Numericailye- In the New Section dialog box, we enter the name Axis 2. Then we define the edge points by

| & entering the coordinates as seen in the following figure. We can also select the column nodes
graphically via the button [,X\] and modify the X-coordinates afterwards.

| r ~
| o= Mew Section @
| No. Section Name
— Section Through Section Type Y ‘q\‘ X
@ Surface @ Via Plane
_ z
Solid () On line No.: 3
1 P;
a
P D
Edge Points of Section
XA 0.000E2 ]| il ®aof 14000 ] )
W 11.500| m] AN 11.500 5+ | [m] ro- sl ——
] - -‘_'-‘--____
Za: 0.000=]3]| [m] Zn: 0.000 )| m] S IA.@ B
]
I
Section on Surface - Projection Direction . z /L_
1 - Tt ——
X @) Vector ax: 0.000 ]| [m] a4 i ~ =
_ i
BY ay: 0.000 )| [m] ! @W
@z - 1.0002 ]3] fm) L G
e -
Show Result Diagram in Options .
Plane: [¥] Save section
[ Show values on isclines
Trshinesla [#] Show resutt diagrams in dialog box
.

- 4

Dialog box New Section

The Result Diagram in Section window opens (see figure below). As we have chosen All sur-
faces in the New Section dialog box, the section plane cuts through the ceiling and the floor
slabs, both diagrams are shown next to each other. This results in a total section length of 28 m.
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VANSS

Panel x
Display Factors
Deformation:

Member diagrams:

Surface diagrams:

Section diagrams:
2k

Reaction forces:

Trajectories:

EE

Panel tab Factors

Dlubal

<9 Result Diagram in Section

o | B )

5] Principal Internal Forces

[ Design Intemal Forces
[H] Stresses

[H] Contact Stresses

[=] Strains

E € Mises

[5] e rresca

[5] ¢ Rankine

[H cgacn

[H] Isotropic surface characteris

[H] Plastic Strains

[5] Crack Strains

[®] Criteria

=) [E] Result Combinations
L0 Max-values

O Min-values

~. @ Max and Min-values

o . v

Location x 10.000 m

Results 4 b

Text - i B G & E L [E sz - o | | i o | Ao
|[El|%%  RCL: uLS (STR/GED) -Per = & >
Navigator wx [ o wo L PR = AT bl e
= [E]Giobal Deformations i El i 3 i
~[u Global Deformations - u [mm] Ciobal Deformations
- ux u
~Cuy m] fmm]
~Ouz 0000 00 -
~Oex — 0000 00|
Cev ~ 0000 00
Doz -~ 0000 00
[E] Locel Deformations 0500 02
- [5] Basic Intemal Forces 0500 02
B mx 0.500 01
O my 0.500 01
ET’“’ 1000 02
- e
O 1.000 02 .
O nx [ Mawc/Min Orly  [7] Edges Only
~Cny
[ nagy Basic Internal Forces - mx [kNmim]

Y,z 0.000,11.500,0.000 m

End X¥,Z: 14000, 11.500, 0000 m

Basic Internal Forces m-x

M
Im] [eNm/m]
-~ 0000 220 +
~ 0000 220 [
- 0000 17
- 0000 17
05001 3386
0.5001 27.00
05001 2447
0.5001 1910
0.500 ¢ 1295
0.500 ¢ 129 .

2] Max/Min Onty [ Edges Only

Vector KY,Z: 0.000,0.000,1000m .

Dialog box Result Diagram in Section

We activate the Max and Min-values of RC1.

When we close the window, the section diagrams are also shown in the surface results.

To improve the visibility, we turn off the surface results by clearing the Surfaces check box in
the Results navigator. We can also increase the display factor of the diagrams in the panel.

Project Navigator - Results

- [w]#= Sections
[j---li‘!% Results
----- [#]#== Diagrams
[#-[]#= Resultant

-] Ls Members
w19 Surfaces |

-] Criteria

(-] 4" Support Reactions

-] 2 Values on Surfaces
=-[E] 7 Result Combinations
----- O Max-values

---- O Min-values

X

@[] Global Deformations

I@U‘:'D Max and Min-values |

IQlpata (B Display ) views © Results

Axis 2

4!

-

Section Axis 2 displaying moments my
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| Edit Section...
}) Delete Section

5_‘_ Result Diagrams...

oa Move/Copy... L\\,
CD Rotate...
A:B Mirrar...

RI:I Display Properties...

% Visibility by Selected Objects

a Visibility by Hiding Selected Objects

Project Mavigator - Display x
EJ---E‘% Model =
-[#]d Loads
- [¥][F Results £
(- [/]EH FE Mesh

[—]E‘,‘?‘ Sections

----- [#]#= Descriptions

[w]== Draw in Foreground
== Result Diagrams Filled
== Hatching

----- []== AllValues

[]---Eé Average Regions

<

[

[

4 [ | +

[-[B] 5 Guide Objects -

ﬁData ﬂDisplay ,ﬂ\c’iews  Results

Sections in axes 3 and 5

Dlubal

We now copy the section via its context menu.

In the dialog box Move or Copy - Copy, we define 2 copies and the displacement vector of -4.0 m.

Move or Copy - Copy

Number

Mumber of copies

Reference to Coordinate System
@ Global X.Y.ZCS
Userdefined UV.W CS

Dizsplacement Vector

di: 0.00015*| [m] G
dv 4000} ]|m

dz: 0.000 )] m]

X
Y
F4
oy
40z

Numbering Increment for
15 Continuous
15 Continuous
15 Continuous
15 Continuous
15 Continuous

[ ok ][ Ccancel

L5

Dialog box Move or Copy - Copy

After [OK], we modify the names of the copied sections in the Data navigator.

Project Navigator - Data

ET RFEM

(-4¥| Concrete Model* [Training]
] Model Data

] Results
o Sections

) Average Regions

] Printout Reports

_J Guide Objects

] Add-on Modules
---|;l Stand-Alone Programs

_J Load Cases and Combinations

ﬁData ﬂDisplay _ﬂ\c‘iews  Results

Renamed sections with filled diagram display

We can activate the option Result Diagrams Filled in the Display navigator for a better view.
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Project Mavigator - Results X

@[] Global Deformations
DE. Members

[J® Surfaces

IV Criteria

[[]4* Support Reactions
Iﬂﬁ Results

[V]#= Diagrams

Dﬁ Resultant

[w]== Axis 2

]2 Values on Surfaces
(- [B] T Result Combinations

IQlData (& Display 4 Views © Results

| 3

5[] 39 Values on Surfaces

; [H] ) Values

[)--[H] ) Settings

22 Extreme Values

On grid and user-defined points
133 On Surface Grids
E% On Set Points Manually
23 On FE mesh points

124 Symbols

124 Numbering

]2 Transparent
a4 1 | »

=
=

[GiData [fDisplay 4 Views © Results

Dlubal

2.6.5 Numerical Results

2.6.5.1 Work Window

We turn off the Sections in the Results navigator. Then we display the surface results my.

Extreme values
When we activate the option Values on Surfaces, the Extreme Values are set by default.

Project Navigator - Results bl
[5-/]® Surfaces | i
; -[B]® Local Deformations

[#-[H] ¥ Principal Internal Forces
[#-[H] % Design Internal Forces
- [B] ¥ Stresses

-[B] %> Strains
£
£
£

0-[H] %> Plastic Strains
7 [H] > Crack Strains
+-[B] ¥ Contact Stresses
i ] Criteria
i-[] 4" Support Reactions
-[]#= Sections
I - [@] %) Values on Surfaces
- [9]24) Values
@) my
- O 2 Groups
-0 2 Specific
=.[B] %4 Settings
=-[#23 Extreme Values i
(023 0f Total Model i
23 of All Surfaces 1
23 of All Solids :
® 33 Of All Local Extremal Values |
I
I
v

m

V133 Minimum
[#]33 Maximum
E% Show only extremes L
_[j@ﬁ On grid and user-defined points
(033 On FE mesh points

-.[]2) Symbols

-.[ 1124 Numbering

..[ ]2 Transparent o

fQ/Data [ Display #Views © Results

A -

Extreme values of surface results my (RC1)

User-defined values

To add values manually in the ceiling slab, we set the [Work Plane XY] and make sure that the
[Origin] lies in this plane.

We disable the Extreme Values. Then we enable the option On Set Points Manually only.

Next we choose Set Result Values Manually in the list button [Surface Result Values].

List button [Surface Result Values]
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'.? Wireframe Display Model
® | solid Display Madel
Solid Transparent Display Model

Dlubal

We can now set values by clicking specific points in the slab. For a result combination, both
maximum and minimum values are shown.

| | | | | | | | | ]
| | | | | | | | | |
£5-[#] ) Values on Surfaces - m-x_14.27 10.80

- EIE‘I,EI Values

Im-x 11.08 8.44'

- @O Groups

: m-O ) Specific

[=] 22 Settings

123 Extreme Values

=3 On grid and user-defined points
-[[153 On Surface Grids

-[#]53 On Set Points Manually

()23 On FE mesh points
[ [V] 3 Symbols i
..... 1) Mumbering
..... 12 Transparent 2
al i

fQlData [ Display 4 Views | Results|

m-x -7.05-3147 m-x 652 -5.53

- 2166 16 69
m-x 2119 1646

Setting user-defined values in ceiling slab (RC1)

With the Symbols option, the descriptions of the internal forces are displayed, too.

Isolines
Next we select the Isolines in the list button [Display Options].
N -

Isobands

|m Isolines |

E}( Differences

@ | Solid Isobands
£ | Solid FE Nodes

[, orf

List button [Display Options]

In the Results navigator, we set the surface results my.

For a better view of the isolines, we choose the [Solid Transparent Display Model] (see figure
on next page).
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lember diagrams:

Surface diagrams:
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10

@’J
9z
@)

Panel tab Factors

1™ Global Deformations

.. [#] e Surfaces

—
e

[#-[B]%® Local Deformations == T
- [E® Basic Internal Forces \ N
..... O mx HN-._
[Eom, s
..... 0° my "“‘%
..... O vx S
..... 8: vy
..... nx
..... (@] ny '-x,._“.—-'_: ;
..... 0® ny o=
[-[B] > Principal Internal Forces T~ \.‘ 2 26 [
(#--[B]® Design Internal Forces \ = “H.-
- [B] > Stresses
- [B] > Strains
[-[B] > Plastic Strains
[-[B]® Crack Strains
[-[M] ¥ Contact Stresses

w1 Criteria

- f Support Reactions
(-[]#Z Sections

-] 2 Values on Surfaces
=[BT Result Combinations
O Max-values
O Min-values

IQlData (& Display 4 Views '© Results

Isolines of surface results my (RC1)

Trajectories

We can display the trajectories of the membrane forces of the walls by setting the angle am in
the Results navigator and by selecting the wall surfaces 4-9 in the Filter tab of the panel.

-] Global Deformations
0-[],La Members

5[4 Surfaces

[-[B]® Local Deformations
[#-[B]® Basic Internal Forces
=-[B]%> Principal Internal Forces

az‘g

77

AU

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

- [B] € Strains

H-[B] > Plastic Strains

- [B]  Crack Strains
H-[B]© Contact Stresses
i Criteria

+-[] 4% Support Reactions
o2 Sections

--[w] 2 Values on Surfaces
(- [B] 1 Result Combinations

IQjData (& Display 4 Views © Results

() (] s

E | ) Members
@ Surfaces

[E
[E
[E
[E
[E
£

[E
[E
[E
[E

M ——————

BE @4

Displaying trajectories of membrane forces in walls

In the Factors tab of the panel, we can increase the display factor of the trajectories.

80

RFEM Training Manual © 2016 Dlubal Software GmbH



2 Concrete Model

VANSS

Project Navigator - Results

[ Global Deformations

DE. Members

[#]®> Surfaces

[0 Criteria

D? Support Reactions

1T Distribution of load

Dﬂ Sections

E| EL_I Values on Surfaces
E| IE,_I Values

@) ny

(-2 Groups

-0 24 Specific

E| [E] 24 Settings

D% Extreme Values

=-®33 On grid and user-defined points

-..[?]33 On Surface Grids

-.[]2) Symbols
-.[]12) Numbering
-..[[]12) Transparent

[¥]33 On Set Points Manually
(033 On FE mesh points

< [

] »

[jData (& Display 4 Views © Results

2.6.5.2 Results Tables

Dlubal

The numerical results are also listed in the tables. We set the membrane forces nx of CO18.

In the Filter tab of the panel, we select surface 6.

To display the results in all grid points, we activate the option On Surface Grids in the Results
navigator. Then we set table 4.15 Surfaces - Basic Internal Forces.

Basic Internal Forces n-x [kMim] T L
CO18:1.355LC1 +1 .DS"LC2_+ 1-./5"1;@-%’:'[(:5
ks / Panel X
Basic Intemal Forces
Fi [kM Am]
Max :  91.09
Min - -112.45
_— 2 .
Maxnxgj.germ’nx.ﬁusmrm
415 Surfaces - Basic Internal Forces BEx 4 3 x
II@I_IIII B|§| = 4| co-1351a 107 [ 9 B | P mU\l\
B C D I G I i I K | L -
Surface Gnd Grid Point Coondinates [m] Moments [kMm./m] Shear Forces [ka’m] Puial Forces [kM/m]
No. Pairt X Y Zz mx my My Vi vy N ny My
5 6 15463 3363 1125 0.23 007 046 153 123 478 250 277
67 15463 3363 1625 012 028 037 040 1.35 0.30 067 183
58 15463 3363 2125 024 053 027 048 131 232 041 605
e 15463  3363| 2625 023 092 019 1.05 030 151 112 9.3
70 15463 3363 3125 027 135 018 207 1561 218 EXE) 468
7 15.081 3683 0125 418 034 029 589 271 2289 29 2112
72 15.081 3883 625 152 060 047 335 110 131 1389 1543
73 15.081 3883 1125 036 0.41 051 EF>] 038 73 235 514
74 15.081 3683  -1625 0.24 027 056 020 047 313 365 058 -
Surfaces - Local Deformations | Surfaces - Global Deformations | Surfaces - Basic Intemal Forces | Surfaces - Principal Intemal Forces | v n
Table 4.15 Surfaces - Basic Internal Forces and graphics with current grid point highlighted (CO18)
The selection of results is synchronized between tables and graphics.
Table filter
We set table 4.6 Members - Internal Forces to view the results of the columns and the ribs.
=

4.6 Members - Internal Forces

E=ICE]

[J| cotg-135+Cc1 =107 | 4 > ,9||%|| [=] | =
C

I i) [ E F [ G [ H I .
Forces [kMN] Moments [kkNm]
N Vy Vz Mt My Mz Cross-5ection
863 0.72 42.05 438 5.66 -2.13 | 2 - Rectangle
. -44.56 28.09 -75.70 -5.58 -51.58 16.76
Maze N 2,000 36.75 5.49 361 1.1 2391 -15.45
Min N 5.385 -49.82 15.67 -78.42 773 41.73 18.55
Max Vy 5.500 -44.56 28.09 -75.70 -5.58 51.58 16.76
Min Wy 4441 -5.38 -11.05 -27.93 -1.33 £0.24 0.06
Maze V2 0.000 863 0.72 42.09 438 1966 213
Min Vz 5.385 -49.82 15.67 -78.42 773 41.73 18.55
Max M1 0.000 863 0.72 42.05 438 1966 213
Min M1 5.385 -49.82 15.67 -78.42 773 41.73 18.55
Maze M 2.500 3622 1.82 -1.56 0.55 241 -15.74
Min My 5.500 -44.56 28.05 -75.70 -5.58 51.58 16.76
Maxx Mz 5.385 -49.82 15.67 -78.42 773 41.73 18.55
Min Mz 2.500 3622 1.82 -1.56 0.55 44 -15.74 -
Members - Local Defi ions | Members - Global Def 1 | Members - Intemal Forces | Members - Coefficients for Buckiing | 144 v 4]

Table 4.6 Members - Internal Forces (CO18)
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| ‘F | To reduce the results and display the extreme values of selected internal forces only, we apply
the [Filter] button. In the Table Filter dialog box, we disable the values at the Start and End of
members, as well as the extreme values of Vy, Mrand M..

r N
Table Filter s
Result Tables

Tables to Display Fitter - 4.6 Members - Intemal Forces
.0 Results - Summary
[¥]4.2 Nodes - Deformations Load Cases and Load Combinations. Result Combinations.

.3 Lines - Support Forces Display: Display:

4 Members - Local Deformations =
Values Values
.5 Members - Global Deformations & @

[#]4.6 Members - Intemal Forces [Cstart of members Start of members
.8 Members - Coefficients for Buckling Internal points Internal points
9 Member Slendemesses []End of members End of members

.11 Cross-Sections - Intemal Forces

[#]4.12 Surfaces - Local Deformations Extreme values [Extreme nodal values
.13 Surfaces - Global Deformations N Mt Extreme values

14 Surfaces - Basic Intemal Forces Elvy My Riesults maxjmin of:

.15 Surfaces - Principal Intemal Forces Ve [EIM: N ur
16 Surfaces - Design Intemal Forces

17 Surfaces - Basic Stresses s EL
.18 Surfaces - Principal Stresses Vz Mz
.19 Surfaces - Other Stresses
.20 Surfaces - Contact Stresses
[#]4.21 Sufaces - Equivalent Stresses - von Mises (@) Corresponding load cases

(2 Info about cross-sections

Dialog box Table Filter

The table is now shorter.

4.6 Members - Internal Forces x
BEEE EEPE =@ ossa-0r ] < > | P2 EEH @
A C [ D [ E F [ G [ H I -
Member MNode Location Forces [kMN] Moments [kkNm] —
No. No. x[m] N Vy Vz Mt My Mz Cross-Section H
1 Min N 0.000 -86.65 341 -853 .01 9.93 2.70 | 1 - Rectangle 350
Max Vz 3.250 -71322 339 -8.51 .01 -17.82 967
Min Vz 0.975 -8262 383 -8.55 .01 161 -1.04
Max Moy 0.000 -86.65 341 -853 .01 9.93 270
I vinmy 3250 Bn 339 851 -0.01 -17.82 967
2 Max N 3.250 -150.38 3.03 1.87 0.03 345 -12.72 | 1 - Rectangle 350
Min N 0.000 -163.82 3n 1.8 0.03 1266 015
Max Vz 1.300 -158.44 3.89 1.88 0.03 0.21 -5.24
Min Vz 3.250 -150.38 3.03 1.87 0.03 345 -12.72
Ma Moy 3.250 -150.38 3.03 1.87 0.03 345 -12.72
Min My 0.000 -163.82 3 1.88 0.03 -2.66 015 -
Members - Local Deformations | Members - Global Deformations | Members - Intemal Forces | Members - Coefficients for Buckling | 44 v [

Table 4.6 Members - Internal Forces

Table export

The [Excel] button enables us to export the current table data to Excel or OpenOffice Calc.

' ™
Export table ﬁ

Action Type Application Table Parameters.
@ Table export (@) Microsoft Excel Export table header
Table import OpenCffice.org Cale | [ Only marked cells
& Csv [ Onlly selected objects
[ Only filled rows
Transfer Parameters
[ Export table to active workboak
Export table to active workshest
Rewrite existing worksheet

Formulas and Parameters

[ Formulas in table
[ Parameters
[ Formulas to additional workshest

ok ][ caneel

L5 J

Dialog box Export table
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2.7 Documentation
2.7.1 Printout Report

@L Before printing the data, we create a preview of the documentation — the so-called printout
| ; report. We use the [Printout Report] button to open the dialog box New Printout Report.

Mew Printout Report @

No. Description
1 Input data and reduced results
Printout Report Template

[‘I - Input data and reduced results v] [~
[ OK ] [ Cancel ]

L5 A

Dialog box New Printout Report

We apply the Input data and reduced results template which includes all input data and the
most important results.

-

Q, Printout report - PR1: Input data and reduced results* = | B S

File View Edit Settings Insert Help

BB <2 oSS S IRDDEE D LS E R
Lag:

Printout Report Mavigator x

[ Select Topics for Printout Report l I

Diubal Sottwars
} e Taomg T DTS Tiafari

-1+ Printout Report

iy RFEM —
- [7] Medel - General Data Frome T et S rozze
- [7] FE Mesh Settings =

B CONTENTS

-2 Model
.[5] 11 Nodes
[T 12 Lines :
[ 1.3 Materials
i [7] 1.4 Surfaces
-[7] 1.6 Openings %.
[ 1.8 Line Supports

6 566 -

- [7] 1.9 Surface Supports LS GENE_MET-E-BATA e .

- [ 1.13 Cross-Sections P e .
[T 117 Members e o —

[ 118 Ribs e | e d

-] 1.23 FE Mesh Refinements

FE MESH SETTINGS

=1+ Load Cases and Combinations |-'" = e
i E 21 Load Cases B
jb 2.5 Load Combinations | rg%r,mm
-F] 2.6 Result Combinations " HSEmmSamna
=2 Loads | L iociirs ieon 225 T e
v oo s B

i~ LC2 - Imposed loads
b8 LC3 - Wind in +X
i LC4 - Wind in +Y

i
T

S
£ LC5 - Imperfection towards +X 3 e = iE
k-8 LCA - Imperfection towards +Y E 2% % _{::;
(=28 Results - Load Cases, Load Combinations b e e =
- 4.0 Results - Summary == e= =
¢ [7] 4.3 Lines - Support Forces : Z% Q 2%
i [7] 4.11 Cross-Sections - Internal Forces ,E iﬁ ﬁ i‘§
Bl B i
Results - Result Combinations g ;ﬁ ﬁ f;&‘i
[ 4.3 Lines - Support Forces § zﬁ Q é—?
[ [ 4.11 Cross-Sections - Internal Forces 2 ;% ﬁ ‘2
L s i iz
i OleeE Saan =1

T e S S p——
< m r i
Pages: 42 Page: 1
Printout report
| D | We can modify the contents via the [Select] button. The Printout Report Selection dialog box

opens (see figure below).

I RFEM Training Manual © 2016 Dlubal Software GmbH




2 Concrete Model / I\

Dlubal

In the tab Load Cases and Combinations, we activate the tables 2.2 Actions, 2.3 Combination
Expressions and 2.4 Action Combinations.

r ™
Printout Report Selection - PR1 ﬂ
Program / Modules Giobal Selection | Model Data | Load Cases and Combinations | Loads [ LC/CO Resutts | RC Resuts
Tables to Display
Display Table Al Display Row No. (e.g. '1-4,8)
] |21 Load Cases M Al
B |22 Actions B Al
@ |23 Combination Expressions B Al
] ||2.4 Action Combinations B Al
Wl |25 Load Combinations M Al
& |26 Result Combinations i
Display
[] Cover shest... =
Conterts
| Infa pictures
; Show comments
S J

Dialog box Printout Report Selection, tab Load Cases and Combinations

In the tab LC/CO Results, we apply the button [Select] to remove all SLS load combinations.
We select CO19 through CO36 in the right column by using [Shift]. Then we press [«].

Printout Report Selection - PR1 =

% Global Selection | Model Data | Load Cases and Combinations | Loads | LC/CO Results | RC Results
RFEM

Load Cases / Load Combinations to Display

Tables to Display

Display | i Table [ A Number Selection (2.g. '1-4.8) -
4 ) Results - Summary | | N

M Load Cases / Load Combinations a : M‘ -

| Avaiable To Display -

M | Nu‘ Description e No.’ Description = |

|| |~ oo =

H [||Co20 |LC1+LCS o2 1.35°LC1 = LCS -

i (] co21 LC1+LCE co3 1.35°LCT + LCE -

(llcozz |LC1sLC2 o4 1.35°LC1 + 1.5°LC2 |

| [|[cozz  |icr-Lcz-1cs €05 | 135101+ 15702+ LC5 | |

CO24 |LCT1+LC2+1C6
H||/Co25s | LC1+LC2+06°LC3
H|||Co26 |LC1+LC2+0.6C3+LC5
||| Co27 |LC1+LCZ2+06°LC4
CO28 |LC1+LC2+06°LC4+LCE
CO2% | LC1+LC3

Co6 135°LC1 + 15°1C2 + LC6
co7 1.35°LC1 + 1.5°LC2 + 0.5°1LC3 -
cos 1.35°LC1 + 1.5°LC2 + 0.9°LC3 + LCS -
Co9 1.35°LC1 + 1.5°1C2 + 0.5°1.C4

CO10  [1.35°LC7 + 1.5°LC2 = 0.9°LC4 + LCE
con 135°LC1 + 15°1C3 L3

m
m,

H|[]|cose |ict+1e3+1c5 CoT2 [ 135101+ 15103+ LC5 a
H || cost |ict-ica €013 135101+ 15104 -
[ cos2 |ict+1ca-1cs CO14  [1351CT =+ 15104+ LC6 u
|]com |ict-071c2+ 103 CO15 [ 135°1CT - 10512+ 15°1C3 u
[]cos |ict-o7lc2+le31e5 CO16 |1.35°1CT +1.057C2+ 151C3 + LC5 ) |
Dispiay A |]|coss  |ict-07ic2+10s C017 | 135°1CT - 10512+ 1.5°1C4 a
[ Cover sheet... E| | H||lcoss_|1ct+071C2+1Cd+ 1B N mf =

Conterts M o

Info pictures ;T

Dialog box Printout Report Selection, tab LC/CO Results with deselected SLS load combinations
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Multiple Selection
Select Surfaces

Selected:

[3

Clear oK

Cancel

Dlubal

In the tab RC Results, we add the tables 4.4 Members - Local Deformations, 4.6 Members -
Internal Forces, 4.12 Surfaces - Local Deformations and 4.14 Surfaces - Basic Internal
Forces.

To display the local deformations of members 10,11 and surface 3 only, we can select those
objects graphically via the [...] button.

[ Giobal Selection | Model Data | Load Cases and Combinations | Loads | LC/CO Resuts | RC Resuts |

Result Combinations to Display
@ Al
) Selected...
Tables to Display
Display Table All MNumber Selection (e.g. "1-4,8) -
[#] | 4.1 Nodes - Support Forces = A
[ |42 Nodes - Deformations Al
4.3 Lines - Support Forces A
4.4 Members - Local Deformations a _
[ |45 Members - Global Deformations I
| 4.6 Members - Intemal Forces Al
] | 4.7 Members - Contact Forces = Al
[ | 4.8 Members - Coefficients for Buckling Al
3 |49 Member Slendemesses Al
[C] | 4.10 Sets of Members - Intemal Forces El A E
411 Cross-Sections - Intemal Forces Al
| 4.12 Surfaces - Local Deformations a ” 3 | I
[ | 413 Surfaces - Global Deformations |
| 4.14 Surfaces - Basic Intemal Forces All
[ | 4.15 Surfaces - Principal Intemal Forces Al
[ |4.16 Surfaces - Design Intemal Forces Al
[ |4.17 Surfaces - Basic Stresses All
[ | 418 Surfaces - Principal Stresses Al
[ | 4.19 Surfaces - Other Stresses Al
[ |4.20 Surfaces - Cortact Stresses Al
[ | 421 Surfaces - Equivalert Stresses von Mises Al
[ |4.22 Surfaces - Equivalent Stresses Tresca All
[ |4.23 Surfaces - Equivalert Stresses Rankine Al
[ | 424 Surfaces - Equivalent Stresses Bach Al
[ | 425 Surfaces - Basic Strains Al
[ |4.26 Surfaces - Principal Strains Al
[ |4.27 Surfaces - Maximum Strains Al
[ |4.28 Surfaces - Strains von Mises Al
[ |4.29 Surfaces - Strains Tresca Al -
@ lEJ Show comesponding load cases

Dialog box Printout Report Selection, tab RC Results

After [OK], the printout report is created with the new settings.

Q, Printout report - PR1: Input data and reduced results = | 5|
File View Edit Settings Insert Help
BEER2dlar v BRI E-IRHREDELED L HA@
Printout Report Mavigator X -
23 Printout Report M 4.4 MEMBERS - LOCAL DEFORMATIONS
Member Node | Location Displacements [mm]
Ma. RC Mo, x[m] Uy Uy Uz
-[5] Model - General Data 10 RC1 ar 0,000 max 0.2 0.1 01
: min 0.1 00 0.1
-[H FE Mesh Settings B 5500 | max 0.2 0.1 0.8
+-- 2] Model min 0.2 0.0 0.8
+ _J Load Cases and Combinations RC2 & 0.000 ":: g,: gg g ,:
4 Loads 24 5,500 max 0.2 0.0 0.8
+ ) Results - Load Cases, Load Combinations erl RC1 Evy 0000 "rr::( g; g? g‘;
=28 Results - Result Combinations min Q.2 oo e
: . 35 5000 max 03 0.1 08
4)-[7] 4.3 Lines - Support Forces min 0.2 00 0.8
& = : T RCZ 34 0.000 max 0.2 0.0 06
- [ 44 Members - Local Deformations iy o1 oo b
---(g8) RC1: ULS (STR/GEQ) - Permanent a5 5000 max 0.z 0.1 08
© @8 RC2: 5LS - Characteristic i 01 oo 04
[#- [ 46 Members - Internal Forces |
+ -[] 411 Cross-Sections - Internal Forces [ ] 4 6 MEMBERS - |NTERNAL FORCES
-~ [3 412 Surfaces - Local Deformations Member Node | Location Forces [kN]
i [7] 414 Surfaces - Basic Internal Forces Mo RC Mo X[m] N ) Vy ) Wy M~
4 1 I Kl I »
Pages: 159 Page: 37

Local deformations of selected members in printout report

We now close the report and save it.
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VANSS

BEax 4

Panel x

Show diagrams for surface
numbers:

(€] x]

() Members
@ Surfaces

Panel tab Filter

Dlubal
2.7.2
2.7.2.1

Graphics

Graphic Printout

In the RFEM work window, we display the moments my of CO18 for the ceiling surface 3.
Additionally, we activate the Extreme Values.

Biasic Internal Forces m-x [kMmim]

CO1E 1354001 +1.05*LC2 + 1 .5*LC4 + LCE

Project Navigator - Results x

-] Global Deformations

[1,% Members

[¥]® Surfaces

IV Criteria

[]4* Support Reactions

177 Distribution of load

[]#= Sections

=[] ##) Values on Surfaces
E||i| ) Values

(@) 2 iy

i @02 Groups

-0 2 Specific

Bli‘ﬁl Settings

)55 Of Total Model

57 Of All Surfaces

57 Of All Solids

53 Of All Local Extrernal Values
[¢]33 Minimum

[#] 33 Maximum

[#] 33 Show only extremes

- @33 On grid and user-defined points ||
----- ()33 On FE mesh points \
----- ]2 Symbols

----- ]2 Murbering

----- ]2 Transparent

ﬁData gDisplay ,é\c’iews  Results

-

Moments my of ceiling slab (CO 18)

To print this image, we click the [Print] button.

In the Graphic Printout dialog box, we choose the following settings.

Graphic Printout

(S

General |Option5 I Color Scale I Factors I Border and Stretch Factors|

Graphic Picture Window To Print Graphic Size

() Directly to a printer... = (@) Cument only
@ To a printout report: FR1 =~ More....
() Ta the Clipboard () Mass print... ) Toscale 1: 20 -
() To 3D PDF
Graphic Picture Size and Rotation Options
Use whole page width Show results for selected xdocation in result
diagram
(O Use whole page height [ Lock graphic picture {without update)
| (@ Height: 292 [% of page] |

| [ Show printout report on [OK]

Rotation: 0=

Header of Graphic Picture

Base values m<subze</sub, CO18: 1.35°LC7 + 1.05°LC2 + 1.5°LC4 + LCE, |sometric

[ ok

J [ Cancel

Dialog box Graphic Printout
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After [OK], we set the moment my of the ceiling surface. Then we open the Graphic Printout
dialog box again. We activate the option Show printout report on [OK].

Basic Internal Forces m-y [kMm/jm]
CO18: 1.35°LC1 +1.03°LC2 +1.5°LC4 + LCE

— ~ v, Y .

General |Option5 ICoIor Scale I Factors I Border and Stretch Factors|

Graphic Picture Window To Print Graphic Size
() Directly to a printer... &) (@ Cument only () As screen view

To a printout repart: More 2 @ Window filling

To the Clipboard (7) Mass prirt.... 2 1 20 -

) To 3D PDF
Graphic Picture Size and Rotation Options
Use whole page width Show results for selected xdocation in result
diagram

(© Use whole page height [ Lock graphic picture {without update)

455 [% of page]

Show printout report on [OK]

Rotation 00

Header of Graphic Picture
Base values m<sub>y</sub=, CO18: 1.35°LC1 + 1.05°LC2 + 1.5°LC4 + LCE, Isometric

Dialog box Graphic Printout

After [OK], the printout report is created.

r )
Printout report - PRL: Input data and reduced results™ [ESNIE =
p l
File View Edit Settings Insert Help
BEEBd e nu 8 PIE- MR BEDD £&8/@
Printout Report Navigator X
2 Printout Report
-7 Contents A Diubal Software = 2
- A Zeieg 2, D-83454 Tietenmacn
-G8 RFEM ) e [
- [ Model - General Data
- [ FE Mesh Settings e Trseig el Concrete Mol Dwe  A7AZION
- T scammes Rertoroen e s S, s
@8 Model sazs
P 1 Nodes BASE VALUES my, C0O18: 1.35"LC1 + 1.05°LC2 + 1 5°L.C4 + LCB, ISOMETRIC
= 1.2 Lines 2018 135uen - tosce 1snsmics someic
[ 1.3 Materials —
- [T 14 Surfaces B
“..[7] 1.4.2 Surfaces - Integrated Objects -
-[7 1.6 Openings a
-[7 1.8 Line Supports =
[ 1.9 Surface Supports -
[T 113 Cross-Sections =
3 117 Members = E]
[ 118 Ribs
- [} 1.23 FE Mesh Refinements
) Load Cases and Combinations
) Loads
-8 Results - Load Cases, Load Combinations
-5 4.0 Results - Summary
[ 4.3 Lines - Support Forces sz s '
Frmsam s
[ 411 Cross-Sections - Internal Forces Vaues i ke
[ ¥ Base values myx, C1 +1.04
- @ Base values my, CO1& 1.35°LCL + 1.02 BASE VALUES m,, CO18: 1.35°.C1 + 1.05°LC2 + 1.5°LC4 + LC6, ISOMETRIC
(=8 Results - Result Combinations F R S
- [T} 4.3 Lines - Support Forces Sormaes i
- [ 4.4 Members - Local Deformations
- [7] 4.6 Members - Internal Forces
[T 411 Cross-Sections - Internal Forces
[T 412 Surfaces - Local Deformations
[T 4.14 Surfaces - Basic Internal Forces
4« | i | » T
‘Fage:: 160 Page: 36

L

Graphics in printout report
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2.7.2.2 Mass Print
) @ To include graphics that are created automatically by RFEM, we use the [Print] button again.

We select the Mass print option, click the [Edit] button and apply the following settings.

Graphic Printout

General |Dptions I Color Scale | Factors I Border and Stretch Fador5|

Graphic Picture Window To Print Graphic Size
() Directly to a printer... = (7 Current only

(©) As screen view

To a printout repart: FR1 = Window filling

To the Clipboard
) To 30 PDF |
Mass Print

Mode!l | Loads I Resutts

Generate Graphics of

Model

") Toscale 1: 20 -

Views

B+x -X

+Y -y

+Z |-z

lsometric view
Perspective

Number of graphics:

Dialog box Mass Print, tab Model

Mass Print |._§3
Model | Loads | Results l
]
r Y
sl Load Cases / Load Combinations M
Loads
| Available To Display
Load Cazes / Combinations. Nc.’ Description ol | No.’ Description =
o1 [1381ct
_‘.~ coz 1.357LC7 = LCH Lc2 Imposed loads
co3 1.35°LC1 = LCE LC3 Wind in +X
co4 1.35°LC1 + 1.5°LC2 L LC4 Wind in +Y
Views Cos 1.35°LC1 + 1.5°LC2 = LCH 3 LCS Imperfection towards +X
® Actual view 135°1C1+151C2 +1C6 LC6 | Imperfection towards +Y
S Doined co7 1.35:|.c1 B 1.5:|.c2+n.5‘|.c3 (=]
B+x B-X cos 1.35°LC1 = 1.5°LC2 + 0.5°LC3 + LCB .
Cos 1.35°LC1 + 1.5°LC2 = 0.5°LC4 = E
F-y By it (=)
F+z f-z cotn 1.35°LCT + 1.5°LC2 + 0.9°LC4 + LCE
CO11 [1.35°LCT +15°LC3
Isometnic: view CO12 [ 1.35°LCT + 1.5°LC3 + LCB
[ Perspective co13 1.357LCT = 1.5°LC4
CO14  [1.35°LCT + 1.5°1C4 + LCE
CO15  [1.35°LC1 = 1.05°LC2 + 1.5°LC3
/| |CO16  [1.35°LCT + 1.05°LC2 + 1.5°LC3 + LCS
cog 1.357LCT + 1.05°LC2 = 1.57LC4
Number of graphics: | lcote [135101+ 10512+ 15108~ 18 il m

Dialog box Mass Print, tab Loads
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Remove from Printout Report

Start with New Page
Properties...
Clone

Edit... N

by

Context menu of graphics

Dlubal

Mass Print 3
Generate Graphics of Results
[7] Resuits ElE‘ﬂ Global Deformations
[] With loads M0 u
LrY ux
Load Cases / Combinations Orv ur
LF uz
O ex
O ey
L1 oz
[BE vember ]
E}. Local Deformations
@ Actual view BIE L. Internal Forces
Defined I_lz‘-‘-“‘_N|
X X :|_L Vy
i - Q_L Vz
_ _ 1.5 M1
- - =z
Isometric view [].E Mz
/| Perspective | | 512 Surfaces I_
T T — N
() Seld Load Cases / Load Combinations ﬂ
Avallable To Display
humbef No., Description | Noh Description |'=
. ULS (STRAGEQ) - Permanent / transient - E
coz 1.35*LC1 « LCB RC2 5LS - Characteristic
co3 1.35°LC1 < LCB
Co4 1.35°LC1 + 1.5°L.C2 L
Co5 1.35°LC1 + 1.5°LC2 + LCS i
CO8 1.35°LC1 + 1.5°LC2 « LCE
co7 1.35°LCT + 1.57LC2 + 0.9°LC3 E]
cos 1.35°LC1 + 1.5°LC2 + 0.9°LC3 = LCE
Cog 1.35°LC1 + 1.5°LC2 « 0.9°LC4 m E] =
CO10 | 1.35°LCT + 1.5°LC2 + 0.9°LC4 + LCE
CO11 [ 1.35°LCT + 1.57LC3
C012  |1.35°LC1 +15°C3 « LCB
CO13 | 1.35°LCT + 1.57°LC4
Col4 1.35°LC1 + 1.5°L.C4 + LCR
CO15  |1.35°LCT +1.05°LC2 + 1.57LC3
CO16 | 1.35°LC1 +1.05°LC2+ 1 5°LC3 + LCS
co7 1.35°LCT + 1.05°LC2 + 1.57LC4
CO18 | 1.35°LC1 +1.05°LC2 + 1.5°LC4 + LC6 i H

Dialog box Mass Print, tab Results

After [OK], the printout report is created again. If required, we can Edit the graphics.

Mass printimage in printout report

Dlubal Software Fage s
Am Zelweg 2, D-85454 Tietenoach Sheet l
[
Propet | Traking Mogel  Concrete Model Date 17.122013
Traking examples Felnfrcad conarete modsl win Siabs, s
and columns

LC3: WIND IN +X, ISOMETRIC

LC3:Wind B +X sometrc
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2.7.3 Printout Report Header

| E | We can change the header of the printout report by clicking the [Header] button.

The Printout Report Header dialog box provides many options to define the company address,
logo, date, page numbering, etc.

Printcut Report Header RS
Header Default ¢ Date
[‘I - Default Header Display date
@) Last modffication: 17.12.2013
Display .
. () Today: 17.12.2013
Info row below header © Userdefined: }
R Page and Sheet Numbering i Header Library @1
[ Black circles in header and focter First number
o 1 Available Headers .
Fr 1 Description -
|

Company Address Alignment

Diubal Software ® @ ® 3
Am Zellweg 2, D-53464 Tiefenbach O @ @

www.dlubal.com o @ O i
Display company logo (bmp) K
C:\Program Data"Dlubal*Stamm DatKunde bmp

Change Project Name/Description Change Model Name/Description [ 0K J [ Conce J
[ |Training [ |Concrete Madel N m

[ |Training examples [F] |Reinforced concrete model with slabs, ribs and ¢

[ ok ][ cancel

N

Dialog boxes Printout Report Header and Header Library
In the Header Library, it is possible to define a [New] header which can then be set as Header
Default.

2.7.4 Printout Report Template

We create a new template from our selection so that we apply it in similar models.

Settings | Insert Help

Printout Report Template... 3 New...
Cover... New from Curre&PnntoutRepgm,,
Q Header... Select..,

Page...

Language...

Translation Table...

Menu Settings — Printout Report Template

In the dialog box New Printout Report Template, we enter the Description of our template.

New Printout Report Template @

No. Description

7| Concrete model

[0k ][ caneel

Dialog box New Printout Report Template

After [OK], we close the printout report.
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2 Concrete Model

Project Mavigator - Data x

5o Add-on Modules -
----- | RF-5TEEL Surfaces - General stre
RF-STEEL Members - General st
RF-STEEL EC3 - Design of steel r
RF-STEEL AISC - Design of steel
RF-STEELIS - Design of steel me
RF-STEEL SIA - Design of steel
RF-STEEL BS - Design of steel m
RF-STEEL GB - Design of steel
RF-STEEL C5 - Design of steel m
RF-STEEL AS - Design of steel m
RF-STEEL NTC-DF - Design of st
RF-STEEL SP - Design of steel m
RF-STEEL Plastic - Design of ste:
RF-ALUMINIUM - Design of alw
RF-KAPPA - Flexural buckling ar
RF-LTB - Lateral-torsional buckl
RF-FE-LTE - Lateral-torsional bu
..... =¢| RF-EL-PL - Elastic-plastic desigr
----- €4 RF-C-TO-T - Analysis of limit sh
----- 4| PLATE-BUCKLING - Plate buckli
RF-COMCRETE Members - Desit
RF-COMCRETE Columns - Desic
----- # RF-PUNCH - Punching shear de ~

m

I 2

4
ﬁData

@Display ,ZiViews  Results

2.8

RF-CONCRETE Surfaces

VANSS

Dlubal

We double-click RF-CONCRETE Surfaces in the Data navigator to open the add-on module.

2.8.1
2.8.1.1

Input Data

General Data

B | RF-CONCRETE Surfaces - [Concrete Model]

File Settings Help

CAl - Reinforced conorele desi¢ = | 11 General Data

Input Data
Gereral Data
Materials
Suraces

£ Reinforcement

1

Design Acc. to Standard / NA

IBIEN 1952-1-1:2004/AC:2010
BCEN

Utimate Limt State | Serviceability Limit State
Existing Load Cases / Combinations

EWLC1 | Sefweight

[EHE LC2 | Imposed loads

LC3 | Windin+X

LC4 | Windin+Y

EE LC5 | Imperfection towards «X

EET LC6 | Imperfection towards +Y'

€o1 | 1356°1C1

€02 |135LCT +LC5

CO3  [1351C1+1C6

o4 |135UCT+151C2

CO5 | 1.351C1+151C2+LC5

COB | 1.351CT+151C2+LCE

€07 | 135LCT +151C2+09°1C3

€08 | 1351CT+151C2+091C3+ LC
€09 | 13511 +151C2+ 09°1C4
COM0 | 1.35°1C1 +151C2+ 0.9°LC4 + LCE
COM1 | 135°1C1 + 1513

CO12 | 1.35°1CT + 151C3 +LCH

€O13 | 1351CT + 15714

CO14 | 135°1CT + 15°C4 + LCE

CO15 | 1.35:1C1 +1.05°C2 + 151C3
CO16 | 1.35°1C1 +1.05"C2 + 151C3+LCS
CO17 |135°1C1 +1051C2 + 151C4

Selected for Design
RC1

ULS (STRAGEQ) - Perm | Persistent and Transie

[l

A3 -

a
o2

Comment

E=EY Calouigtion | [ Cheok | |_Detals

| [Mat. Annex .| [ Graphics

RF-CONCRETE

Surfaces

Reinforced concrefe
design of surfaces
(plates, walls, shells)

- —

Window RF-CONCRETE Surfaces, 1.1 General Data, tab Ultimate Limit State

In window 1.1, we select RC1 for the Ultimate Limit State design according to EN 1992-1-1

and the CEN recommendations.

In the Serviceability Limit State tab, we set RC2 and the Analytical design method.

Utimate Limit Stats | Servicesbility Limit State | Details

Existing Load Cases / Combinations.

Selected for Design
5LS - Characteristic

S¢h C020 [LC1+LC5 ]~ 5Ch RC2
SCh CO21 |LCT+1C6
SCh CO22 |LCT+LC2 i |
SCA CO23 | LC1+1C2+1C5
SCh CO24 |LCT+LC2+1C6
SCh CO25 |LC1+LC2+06°C3
SR CO26 |LC1+LC2+06°C3+1C5
SR COZ7 |LC1+LC2+06°C4
SR CO28 |LC1+LC2+06°LC4+1CB
Sich €025 | LC1+LC3 =
SCh CO30 |LCT+LC3+1C5 P
SCh CO31 |LCT+LC4
SCh CO32 |LCT+LC4+1CB
SCh C033 |LC1+0.71C2+1C3 =
SCH CO34 |LC1+0.71C2+1C3+1C5
SCH CO35 |LC1+0.77LC2+LC4
SCH CO36 |LC1+0.77LC2+LC4+10B
RC1 | ULS (STR/GEQ)- Pemanent / transient - Eq | ~

Al (43) -
Options
Method of check

™ Noriinzar..

@ [2
av | (B2

Window 1.7 General Data, tab Serviceability Limit State

We check the settings in windows 1.2 Materials and 1.3 Surfaces but do not change them.
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VANSS

Multiple Selection
Select Surfaces

Selected:

[13

Clear

0K

Cancel

Dlubal

2.8.1.2 Reinforcement

The 1.4 Reinforcement window contains five tabs that control the reinforcement parameters.
We define two reinforcement groups with different settings for the slabs and walls. For the
Slabs, we select surfaces 1,3 graphically via [N].

In the Longitudinal Reinforcement tab, we use the [Rebars] button to define a basic rein-
forcement as seen in the figure below.

1.4 Reinforcement

Reinforcement Group Applied to
Sufaces:

Na. Description:
| x

| Reinforcement Ratios [ Reinforcement Layout | Longtudinal Reirforcement | EN 1992-1-1 | Design Methed |

A

Provided Basic Reinforcement

[ Use required reinforcement for desian of

serviceability
Reinforcement Area Diameter
ast as2 dst dsz
Top (2) : 393 3935 [em /m] 10,005 10.00 | [ram]
Bottom (+z) : 393 3935 [cm /m) 10,005 10,00 5| [rom]

”

| Import Reinforcement Area due to Rebar
Additional Rein forcemeni

S5 S

Approach of @ Rebar Parameters Export
Determination of: Location: Top (2)
(7) Rebar diameter Bottom (+z)
— ; D: 10.00 = [rm] :A;sign reinforcemert] (7] a. ; {| fron]
Bottom (+2) : || © Rebar spacing Fla<2 {| [rarn]
a: [rarn] @ T

Longitudinal Reinforcemd || @) Reinforcement area

() Apphy required longitud: as 393 | [cm? fm)

(@ Apply the greater valu

and add. reinforcemet
() Automatically increase . ®
shear reinforcement |

Window 1.4 Reinforcement, tab Longitudinal Reinforcement

We create a [New] reinforcement group for the Walls. The numbers of the wall surfaces are
entered automatically.

In the Longitudinal Reinforcement tab, we use the [Library] to define the basic reinforcement.

1.4 Reinforcement

Reinforcement Group Applied to
Surfaces:

Na. Description:
W]

| Reinforcement Ratios | Reinforcement Layout | Longitudinal Reinforcement | EN 1992-1-1 | Design Method |

Al

Provided Basic Reinforcement

[ Use required reinforcemert for design of

serviceability
Reirforcement Area Diameter
as1 d=z dsi ds2
Top (2) : 1881 1881 [om? /m] 6.001 6.00 5 [mm]
Bottom (+2) : 1885 1.88 5 [om2 /m] 6.001 6.00 5 [mm]
Import Reinforcement Area from Mesh Reinforcement Library
Product Range Export
[Gemany - 20020101 - Location: [ [7]Tep (2)
Bottom (+z)
Type _—
Q-Mest Assign longitudinal | @ a. ;
R-Mesh reinforcement to: - 1
lasz
1

Window 1.4 Reinforcement, tab Longitudinal Reinforcement
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A

Calculation

Dlubal

In the Design Method tab, we select the option No optimization of design internal forces.

Reinforcement Ratios | Reinforcement Layout | Longitudinal Reinforcement | EN 1992-1-1 | Design Method

De=sign Internal Forces

@ No optimization of design intemal forces
{Recommended for parts loaded mostly by pressure)

() Optimization of design intemal forces
{Recommended for parts loaded mostly by bending or tension)

Window 1.4 Reinforcement, tab Design Method

We can check on the settings in the other tabs. Then we start the [Calculation].

2.8.2

Results

The results of the ULS and SLS designs are listed separately.

2.8.2.1

Required Reinforcement

| RF-CONCRETE Surfaces - [Concrete Madel]

File Settings Help

Input Data
Generl Data

- Materials
Surfaces

£ Reinforcement
i1-Slabs
L2 wals

Resutts

- Required Reirforcement
i Total
by Surace
*-by Point

= Serviceabilty Design
i Total
i-by Surface
“..by Point

@B

A
Suface | Foint
o. | Mo

[ET e

170
M10-E5
W10-E5
W10-E5
2 | w2
732
1888

7 M1646
M1646
M1736

Ma6

@ In FE nodes

CA1 - Reirforced concrete desi¢ = | 2.2 Required Reinforcement by Surface

B [ _Cc [ D ] E [ F [ G [ H [ 0 | | K -
Paint-Coordinates [m] Required Basic ‘Addtional Reirforcement
Y Symbol Reinforcement Reinforcement|  Required Provided Unit Note
0.000 6.000 248 383 0.00 cmZ/m
13.500 8.500 248 383 0.00 cmZ/m
5.500 7.500 17.18 393 1325 cmZ/m
5500 7.500 352,42 (bottom) 1824 3393 1431 cm2/m
5500 7.500 0.000 | asw 2896 - - cmZ/m2
14574 3386 0.000 | as.1.z (top) 252 1.88 064 omZ/m
15386 2574 0.000 | 8s.2.2 (100) 252 188 064 cmZ/m
14.000 3.500 0.000 | as,1,+2 (pottom) 252 188 064 cmZ/m
14.000 0.000 0.000 | s 2.+ (bottom) 250 188 0s2 om?/m
14.000 0.000 0.00 - - cmZ/m2
5500 3.500 929 383 537 cmZ/m
5.500 7.500 940 393 548 omZ/m =
0.500 11.500 4.00 393 0.07 cmZ/m
0.000 0.000 400 383 007 cmZ/m
5500 7.500 1450 - - cmZ/m2
0.000 3500] 0929 | as.t(ep) 252 188 064 emZ/m
0000 3000]  -3.250 | as2-z(op) ) 188 141 cmZ/m
0.000 3.500 -3.250 | as,1,+2 (ottom) 252 188 064 cmZ/m
0.000 0.000 -2.321 | 3s,2.42 (bottom) 0.90 1.88 0.00 omZ/m
0.000 0.000 0.000 | asw 0.00 - - cmZ/m2
0.000 0.000 252 188 064 cmZ/m
3.500 0.000 252 1.88 064 omZ/m
5.000 0.000 252 1.88 064 cm2/m
5.000 0.000 252 188 064 cmZ/m
0.000 0.000 0.00 - - cmZ/m2
14.445 0.050] 2321 |as.t.z (op) 252 188 064 emZ/m
15.802 2868 0929 as.2z(1op) 252 188 064 em2/m
14.000 0.000 -3.250 | as,1,+2 (ottom) 252 188 064 cmZ/m
15.247 3.564 -0.929 | 35.2.42 (bottom) 252 1.88 064 cmZ/m
14.000 0.000 0.000 | asw 0.00 - - cmZ/m2
14.000 4.000 252 188 064 cmZ/m
14.000 4.000 0.50 1.88 0.00 omZ/m
14.000 4500 252 188 064 cmZ/m
14.000 6.000 -3.250 | as,2,+2 (bottom) 252 188 064 cmZ/m k=
7 In grid points Required reinforcement for: | LS

Window 2.2 Required Reinforcement by Surface

The ULS design results are listed for the top and bottom surface sides in each of the directions

1 and 2. Additionally, the shear reinforcement asw is displayed.

The tables can be sorted by the results In FE Nodes and In grid points.

RFEM Training Manual © 2016 Dlubal Software GmbH
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Dlubal

We can check on the design details of every location by clicking the [Info] button.

r M
1’ Design Details EIEIQ
Surface No. 1 FE Mesh Point No. M10 - ES87 | X: 5.500, ¥: 7.500, Z: 0.000 m

Determination of Goveming Loads | Detaied Results

esign Report
Intemal Forces of Linear Statics
rincipal Intemal Forces

Required Longitudinal Reirforcement Due to Design Forces
tatically Required Longtudinal Reinforcement
Minimum Reirforcement
[ Check Maximum Reinforcement Ratio
18 Reinforcement to be used
[ Bottom surface {+z) o
Elinte Reinforcement Direction 1 Bs421 17.18 | em/m
Statically Required Reinforcement 3= st ez 17.18 | ecm2/m
= Minimum Reinforcement @s,min,+z,1 362 [ cmZ/m
Minimum Longitudinal Reinforcement @s,min longi.+z,1 0.00 [ cm2/m
Reinforcement used as secondary reinforcement @s,minQ,+2,1 362 | cmZ/m
Elinto Reinforcement Direction 2 8s422 18.08 | cmZ/m
Statically Required Reinforcement Bsstatez 18.08 | cmZ/m
Bl Minimum Reinforcement 3s.min.+z.2 249 cmZ/m
Minimum Longitudinal Reinforcement @ 5,min longi.+2.2 249 cm2/m
Reinforcement used as secondary reirforcement B, mind 2.2 0.00 | cm2/m
Binto Reinforcement Direction 3 as4z.3 0.00 | cm2/m
Statically Required Reinforcement as.statnd 0.00 | cm2/m
& Minimum Reinforcement 8s,min.+z.3 0.00 | em2/m
Minimum Longitudinal Reinforcement @s,min longi.+z.3 0.00 | em2/m
Reinforcement used as secondary reirforcement | 2, ming,2.2 0.00 omZ/m

Top surface (z)
[ Analysis Method for Reinforcement Envelope

E] Type of check: 3= 1 4z (pottom) - With intemal forces:  min vy {goveming) -

& J

Dialog box Design Details

2.8.2.2 Serviceability Design

The SLS design includes the verification of stresses, limiting bar diameters and bar spacings,
minimum reinforcement and crack widths.

3.1 Serviceability Design Total

BE_[ _C [ D E F G | H | | | J K
Point-Coordinates [m] Design
X Y Z Loading | Symbol | Exst. Value | Limit Value Unit Ratio Note
5.500 3500 -3250| RC2 |ac £.97 -13.50 | N/mm2 0.52
3 |M30-E1 5.500 7.500 -3.2580 RCZ  |as 335.85 400.00 | N/mm2 0.84
Z Mz20 16.000 2000 0.000| RCZ | a&smin 1.88 847 [cmZ/m 451 | 207) 208) 209) 210)
1 M5-E23 0.500 11.500 0.000| RCZ |lmds 1.00 0.51 [em 187 | 212) 226)
1 M5 - E23 0.500 11.500 0.000| RC2 |lms) 0.200 0101 |m 1.9 | 216) 226)
1 M5 - E23 0.500 11.500 0.000| RCZ |wk 0.355 0.300 | mm 1.15 | 213) 225)
@ In FEnodes © In gid poirts Mac [ 45131 @ r
Intermediate Results - Surface No. 9 - FE Mesh Point No. 34
[] Check if intemal forces cause cracks o
[ Area of Concrate Ac 2000.00 | cm2 B
Width of the Element bw 100,00 | em
Thickness of Structural Member h 0.200 [m
[ Section modulus s BEE6.67 |cm?
Width of the Elsment bw 100.00 | cm
Thickness of Structural Member h 0.200 |m £
Mean Axial Tensile Strength Fetm 250 | N/mm2
[ Bottom surface (=z)
Bl Conerete Stress in x-Direction Geazx -162 | N/mm=2
#odal Force nx -354.860 | kN/m
Bending Moment mx 1.03 | kNm/m
[l Concrete Stress in y-Direction Toizy 591 | N/mm2
Fodial Force Ny -1246.300 | kN/m
Bending Momertt My 2.15 | kNmsm
[l Concrete Stress in xy-Direction Co 2.3y 1.17 | Nemm2
Aodal Force Nxy 263.110 | kN/m
Bending Moment My -0.94 | kNm/m
Concrete Stress in Direction of 1st Principal Aucis Ge,l -1.32 | N/mm2
Conerete Stress in Direction of 2nd Principal Axis Ge,ll £.21 | N/mm2
[ Top surface ()
B Concrete Stress in x-Direction [gezx [ 193 [ N/mmZ | -

Window 3.7 Serviceability Design Total

Not every single aspect must be fulfilled for the SLS design. Nevertheless, the minimum rein-
forcement dsmin is a problem.
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Options
Method of check:

@ Analytical...
() Nonlinear...

Calculation

Dlubal

We return to window 1.1 General Data, tab Serviceability Limit State and click the [Edit] button.
In the dialog box, we then tick the option Increase the required longitudinal reinforcement
automatically for serviceability design.

(S5

Settings for Analytical Method of Serviceability Limit State Design

Method Classification Criterion

@) By assuming an identical deformation ratio of the longitudinal
reinforcement

[7] Set nommal forces to zero and design the surface exclusively as
a plate if the following is valid for all design poirts of this

surface:
() By classifying the structural element as a plate or wall and using
the flowchart of A 2.8(3) or A 2.9{2) according to
ENV 1992-1-1:1531 nx L7 Ny
and —— and
b-h b-h b-h

By taking into account the deformation ratio of the longitudinal
reinforcement

I

25012 N/mm?]

Design of [T] Set bending moments to zero and design the suface
exclusively as a wall if the following is valid for all design poirts
Cracks of this surface:
Stresses
[7] Deflection with RF-CONCRETE Deflect 6-mx an 6-my an 6-mxy
Consider: Creeping bh2 b-h2 b-hZ
Shrinkage

25012 [Mimm?]

1A

Tension Stiffening

Determination of Longitudinal Reinforcement

Increase the required longitudinal reinforcement automatically
for serviceability limit state design

[7] Find the most economical reinforcement for crack a
width design

L% 4

Dialog box Settings for Analytical Method of SLS Design

In window 1.4 Reinforcement, we tick the option Use required reinforcement for design of
serviceability - for both reinforcement groups Slabs and Walls.

1.4 Reinforcement

Reinforcement Group Applied to
Mo. Description: Surfaces:
Slabs [Z] 13

| Reinforcemert Ratios | Reinforcement Layout | Lengiudinal Reinforcement | EN 1992-1-1 | Design Method

Provided Basic Reinforcement
Use required reinforcement for design of
serviceability
Reinforcement Area Diameter
ast as2 ds1 ds2
Top (2) : JemE /] 10.00% 10,00 -5 [ram]
Bottom (+z) [cm? Am] 10.00% 10.00 | [mm]
@
Window 1.4 Reinforcement, tab Longitudinal Reinforcement
After the [Calculation], the SLS design is fulfilled.
3.1 Serviceability Design Total
B [ C D | _E F G H | [ J [ K
Surface | Point Point-Coordinates [m] Design
No. Ma. X Y z Loading | Symbol | Exst. Value | Limit Value Urit Ratio Mote
P M2 | 5500 3500 -3250] RC2 oo £97 1350 | N/mm2 052

3 M34 - E1 5.500 3.500 -3.250 RCZ o= 328.74 400,00 | N/mm2 0.83 | 226)

1 M1 0.000 0.000 DODD| RCZ |as.min 760 760 [emZ/m 1.00

3 M31-E1 10.500 7.500 -3.250| RCZ |limds 1.00 1.00 |em 1.00

3 M31-E1 10.500 7.500 -3.250| RC2  |lms; 0.108 0.108 |m 1.00

3 M31-E1 10.500 7.500 -3.250 RCZ  |wk 0.299 0.300 | mm 1.00

@) In FE nodes () In grid paints Max: 10M0|<1 @ r L |G

Window 3.7 Serviceability Design Total

RFEM Training Manual © 2016 Dlubal Software GmbH
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L

-0

I
T
=l

[ E-Format

Double-click on the color panel
to change colors.

Reducing panel colors

2.8.2.3 Graphical Results

Dlubal

We use the [Graphics] button to evaluate the design results in the work window of RFEM.

In the Result navigator, we set the required reinforcement as,1,-z top) Of the ULS design. To dis-
play the results of the ceiling slab only, we set surface 3 in the Filter tab of the panel.

Additionally, we disable the regions with very low reinforcement by removing the dark blue
color: We double-click the panel colors and then move the slider one step up in the dialog box.

Project Navigator - Results

o-m= Lengitudinal Reinforcement

B [B] == Required Reinforcement

. () == Required Reinforcement

= —— Limit State
.. (® = Ultimate Limit State (ULS) |

"= Goveming of ULS / 5LS
- [¥] == Show Reinforcement Direction
- || =2 Show Results

| == as1-z top)
O 2522 top)

. (O IZ 8s1+z (bottom)

(O = 2s2.+2 (botom)

- [B] I Shear Reinforcement

- [B[#] Design Intemal Forces

- [0 [#] Serviceability Limit State Design

i []& Sections

=[] [E Values on Surfaces

- @E as1-z fop)

i O Groups

i (O Specific

- (O [E Notes Only

|_ BE Max/min Values |

- (/BB On grid and user-defined points
-..(@ B8 On FE mesh points

- C1[E Names

. 18 Notes

. [JE Numbering

- 1[E& Transparent

[
[
[
[

(= Serviceability Limit State (SLS)

[Qlpata [ Display 4 Views | Results

Top reinforcement in direction 1 of ceiling slab with edited color scale

I
|1 as,1,-2 ttop) [cm /m]
i

0.0

RF-CONCRETE Surfaces

Required Reinforcement

&

As for the SLS designs results, we select the resulting crack widths Wies,z top) Of the ceiling slab.
We activate the display of the Sections, too. By removing the blue color, we get a better view.

- [ == Longitudinal Reinforcement
(- [B] [ Shear Reinforcement
- [H][#] Design Internal Forces
- [B][#] Serviceability Limit State Design
- (1] [#] Ratio
- [8] [#] Design Internal Forces
o [0 [#] Reinforcing steel stress
o--[B[#] Concrete stress
o [1 [#] Minimum reinforcement
0[] [*#] Maximum member diameter
- [0 [#] Maximum member spacing
.- [W] [#] Crack width
e O E] Wk1-z {top)
O] w2z toiz
E-- - @ E W res -z {top)
OB wizsz porem
- O [#] wk2,4z (bottom)
- O [#] Whes,+z bottom)
0. [8][#] Difference of strains
= EEE Sections
[ E iz 2
[ E iz 3
[ E iz 5
i CIE Values on Surfaces

ﬁData gDisplay _!SV\ews DResults [

Panel ®

Crack width
Wi res -z itop) [mm]

Max : 0.30
Min : 0.00

RF-CONCRETE Sufaces

i

Resulting crack widths of ceiling slab
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2.8.2.4 Printout

We create a new printout report which includes only the design results.

Project Mavigator - Data x
E™ RFEM
9'@ Concrete Model* [Training]
f--| ] Model Data
- _J Load Cases and Combinations
- Loads
--|_J Results
-0 Sections

e IO e O O e O

Mew Printout Report... L\\,

Il
[

- ) Guide Objects
-] Add-on Module:
£33 Stand-Alone Pro Printout Report Manager

Delete All Printout Reports De

Il
[

SHAPE-THIN 7.5 - Design of thin-walled ¢
2 SHAPE-MASSIVE 6.5 - Design of massive ¢
%) CRAMEWAY & - Design of crane runway g
& RX-TIMEBER 2 - Design of timber member:
4 | i b

ﬁData @Display ,ZiViews  Results

Creating new printout report in Data navigator

In the New Printout Report dialog box, we select template 4 - Concrete.

Mew Printout Report @

No. Description

2| Concrete

Printout Report Template

|[4-Concfete v] =
[ ok ][ cancel |

L% A

Dialog box New Printout Report

We [Edit] the template settings. In the Printout Report Selection dialog box, we disable all
RFEM Data.

Printcut Report Selection - PR2

Program / Modules. Global Selection

RFEM _
RF-CONCRETE Surfaces L
["]RFEM Data
Model Data Model Base Data
Load Cases and Combinations General
Loads [ History

Results - Load Cases / Load Combinations

Results - Result Combinations
FE-Mesh Settings

General
Members
Surfaces

Dialog box Printout Report Selection - PR2

After [OK] in all dialog boxes, the second printout report is created.

We can check on the data before we close the printout report again.
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2

In the RFEM work window, we activate the Values on Surfaces again.

VANSS

Dlubal

We open the [Graphic Printout] dialog box again. There we select printout report PR2 and
the Mass Print option. We tick all four reinforcement options as as seen in the figure below.

Graphic Printout

=

General |0pt|ons | Color Scale I Factors I Border and Stretch Factors|

Graphic Picture

() Directly to a printer...
@ To a printout report
() To the Clipboard

() To 3D PDE

Window To Print Graphic Size
= () Cumrent only () As screen view

FR2 = More: @ Window filing

T Toscale 1. 20 -

,
Mass Print

Model | Results

Generate Graphics of

Results -
With loads B IE Required Reinforcement
E Required Reinforcement
Load Cases / Combinations =[] Limit State
@ Curert ..[¥] Ultimate Limit State (ULS)
_ -[[] Serviceability Limit State (SL5)
LI [ Gaverning of ULS / 5L5
() Selected.. .. [¢] Show Results
. E as51-z {top)
Views E 352z jtop)
@ Actual view . [#] as1+z (bottorm)
() Defined .. [w] a2 +z (bottom)
- +X X i#1-[B] Shear Reinforcement
LY y w-[m] Design Internal Forces
. > (- [B] Serviceability Limit State Design

Isometric view

Perspective

() Selected user-defined views...

Number of graphics:

Resuks

E8L1| Longitudinal Reinforcement

wn

\

Dialog boxes Graphic Printout and Mass Print

After [OK], the pictures of the reinforcement are included in the printout report.

TRF-CONCRETE SURFACES - REQUIRED REINFORCEMENT a 1 op). CA1

RF-CONCRETE Surfaces CA1
Reinforced concrete design
Surfaces a-g,1,-z fop)

#s,1,-z{op) [cnf/m]
929
845
760
676
531
507
422
338
253
169
034
Ve ERE]
M 000
.14
g_urraces Wax a-5,1,z (top): 9.29, Min a—s,1,—z(tq by
itter Surfaces: 3 0.80

Values: a-s,1,z (top) [cm3m]

Mass print image in printout report

In Z-direction

3.616m
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VANSS

Project Mavigator - Data x

=l Add-on Modules -
----- =\ RF-STEEL Surfaces - General stre
RF-STEEL Members - General str
RF-STEEL EC3 - Design of steel r
RF-STEEL AISC - Design of steel
RF-STEELIS - Design of steel me
RF-STEEL SIA - Design of steel i
RF-STEEL BS - Design of steel m
RF-STEEL GB - Design of steel m
RF-STEEL C5S - Design of steel m
RF-STEEL AS - Design of steel m
RF-STEEL NTC-DF - Design of st
RF-STEEL SP - Design of steel m
RF-STEEL Plastic - Design of stet
RF-ALUMINIUM - Design of alur
RF-KAPPA - Flexural buckling ar
RF-LTB - Lateral-torsional buckl
RF-FE-LTE - Lateral-torsional bu
RF-EL-PL - Elastic-plastic design
RF-C-TO-T - Analysis of limit sl
PLATE-BUCKLING - Plate buckli
RF-CONCRETE Surfaces - Desic
RF-COMCRETE Columns - Desig
----- « RF-PUNCH - Punching shear de -
“ 1 ¢

m

aData €Display Aviews D Results

Dlubal

29 RF-CONCRETE Members

We double-click RF-CONCRETE Members in the Data navigator to open the add-on module.

2.9.1
2.9.1.1

We design the downstand beam and the columns in separate design cases.

Downstand Beam

General Data

) RF-CONCRETE Members - [Concrete Modell ==
File Edit Settings Help
CA1 - Design of concrete memb_~ | 11 General Data
Input Data Design Acc. to Standard / N
General Data
- Materisls BRI EN 19921-1:2004/AC:2010 -
- Cross-Sections
& ey B
Suppotts [TT]
& Reinforeement Utimate Limit State | Serviceabiliy Limit State | Detais | Fire Resistance |
w1 Existing Load Cases / Combinations Selected for Design I
LC1 | Sefweight A RC1 | ULS (STR/GEC) - Pem | Persistert and Transie (17}
B LC2 | Imposedloads - - - E
€3 Windin+X
LG4 | Windin=Y > U
M LG5 | impedection towards +X E
IEm Lcs Imperfection towards +Y z v
o1 135100 g
B CO2  |1351C1+LC5 o Q
03 | 1351C1+LCE - 0
C04  [1351C1+151C2 s U
CO5 | 1357C1+157C2+LC5 1 E
Sl COE | 135°LC1 + 15102+ LCB T ]
€07 |1351C1+151C2+09°LC3
BRI CO8 | 135101 + 15102+ 09LCI+LC5 : E
€09 |1351C1+151C2+09°1C4
COT0 | 13571C1 +15C2+09LC4+ LCE
COT1 | 13571C1 +157C3
COT2 | 1351C1 +151C3+LC5 - Reinforced concrete
design of members
e - =
Options.
[] Nonlinear calculation. =
Activate cresp and shinkage
@

Window RF-CONCRETE Members, 1.1 General Data, tab Ultimate Limit State

In window 1.1, we select RC1 for the Ultimate Limit State design according to EN 1992-1-1
and the CEN recommendations.

We neglect the SLS design for the concrete members.

We check the settings in windows 1.2 Materials and 1.3 Cross-Sections but do not change
them.

RFEM Training Manual © 2016 Dlubal Software GmbH
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2.9.1.2 Ribs

Create Set of Members

To design the downstand beam as a unit, we have to create a new set of members. We close
the module window by clicking [OK].

In the RFEM work window, we select members 10 and 11. We then use the context menu of

;—: e ,{Hmbers,,]}) the members or of the Data navigator to call up the dialog box New Set of Members.
£2 | GotoTable
Y. New Set of Members [
No Description 7__7“__7__7__’_""--7— —
1 Downstand beam -

¥ General Data...
Type
‘?‘.@:61 Units and Decimal Places... ., ;
. . ") Group of members - —
R\:I Display Properties...
Context menu in Data navigator Members No
Comment
v

Dialog box New Set of Members

If the list of the member numbers is 71,70, we change the orientation via the [Reverse] button.
We enter the Description Downstand beam.

After [OK], we open RF-CONCRETE Members again and set window 1.4 Ribs.

Modify effective widths

1.4 Ribs
A [ B [ C T D T E G Rectangle 2001150
Member | Cross-Section No. Effective Widths
No Start End |Sudface 1| besr1[m] |Suface 2| berrz[m] | Notes
2 2 3 | 0625 3 0625]|
2 2 3 | 0625 3 0625
N =0
¥
)
}
)
;
|
i
v
=
[mm]
FBU 450/526/525/300/300/200 Options.

[] Show rib effective widths for determination

625.0 625.0 of intemal forces
a 525.0 526.0 a
=] =]
=1 =1
@ @
o
R . RN |
g NS w
- 1
I
| [200.0
1
i
i
v
z

[mm]

Window RF-CONCRETE Members, 1.4 Ribs

To obtain a consistent geometry for the design, we reduce the effective widths to 0.625 m at
both sides for member 10.
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Dlubal

2.9.1.3 Supports

For horizontal beams, the real widths of the supports are useful to apply reduced moments
and forces for the design.

1.5 Supports
[ A | B [ c 1 D [ E T E [ G
Support | Mode |Support Width| Direct Monolithic End M Ratio

No Mo. b [mm] Support | Connection | Support &M Comment

1 M| 200.0 [ a1

2 |[ 3 350.0 i 1.00

3 350.0 ] I 1w

4 T T T T ] !

\

ofcaf~ifm

|| Consideration of limited moment
redistribution of the supporting moments
according to 5.5

[ Reduction of the moments or dimensioning

forthe moments at the face of a monalithic
support accordingto 5.3.2.2

Reduction of the shear forces in the support
face and distance d acc. to 6.2.1 (8)

Reduction of the shear forces with
concentrated load acc. to 6.2 2 (6) and
6.23(8)

Y
Window RF-CONCRETE Members, 1.5 Supports

We define the support widths as shown in the figure above. The nodes can be selected graph-
ically via the [...] button.
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2.9.1.4 Reinforcement
The 1.6 Reinforcement window contains five tabs that control the reinforcement parameters.

As we design only the downstand beam, we clear the selection of All Members.

1.6 Reinforcement

Reinforcement Group Applied to

No Description: Meohes Ca
1 ¥ || Setsof members: |1 4 | Fa

Longitudinal Reirforcement | Links | Reinforcement Layout | Min Reirforcemert | EN 1992-1-1 Cross-Section

Rib FBU 450/525/525/300,/300/200 V]
Reinforcement Reinforcement Layers
Possible S FE5U 450/526/525/300/300/200

diameters:

Minimum spacing
625.0 625.0

- First layer a: 20,015 [
b= frm} 25000 a 525.0 5250 | o
]t e 8 g
] = _J
I A S 5
Anchorage Type ] o
- |
Straight '] 1 {2000
——— I
i
L4
Deformed z
Curtaiment Type Provided Basic Reinforcement
@ No curtailment [ — [0 Ac 2 ootiom) mml
() Curtailment by zones n: 0= 0 M Settings
3 d: 1001 10.0 [mm] Design the provided reinforcement

() Curtailment by reinforcement bars As: 0.00 0.00| [cm2]

2

fom]

Window 1.6 Reinforcement, tab Longitudinal Reinforcement

In the Longitudinal Reinforcement tab, we select the diameters 20 and 25 mm for the design.

The Reinforcement Layout tab controls the arrangement of the rebars.

[ Longitudinal Reinforcement | Links | Reinforcement Layout | Min Reinforcement | EN 199211

Concrete Cover
Cziten) : 30.0-% | trom] [ Caver acc. to Standard = v
G4z (bottom) | 30,01 [[rmm] 4 |eeeee
T
S
Cay (zide) © 300 |[mm] e =
= : b > £
l Y| 2
Cover to Bar Centroidal Axis z I
o
42 524 [ram] Cover acc. to Standard o LR 4
42515 [mm] Cay (side) 1
42 5 [mm| 2y (side
42 5| [ram]
Reinforcement Layout Settings
[-z {top) - +2 (battam) (optimized distribution) v] dﬂe\x_avant intemal forces for concrete:
lesign:
N Mr
= %1 Vy My
Vz Mz
Option
[] Distribute reirforcement evenly over complete
plate width

Window 1.6 Reinforcement, tab Reinforcement Layout

We make sure that the Cover is 30 mm for all sides. Then we disable the option Distribute rein-
forcement evenly over complete plate width.

: We can check on the settings in the other tabs. Then we start the [Calculation].
Calculation
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29.1.5 Required Reinforcement

| RF-CONCRETE Members - [Concrete Madel] )
File Edit Settings Help
22 Required Reinforcement by Set of Members
put Data B [ ¢ [ Db [ E | F J G FBU
- General Data Member | Location | LG /CO | Renforcement Error Message
Materials Reirforcement|  No, x[m] RC Area Unit or Note
Cross Sections Set of Members No. 1 - Fib FBU 450/525/525/300/300/200
- Aibs 10 5500 RCi 470[cm? |26
~ Supports As sz (oorom) |10 4441 RCI 405/em? |25
B Reinforcement Ast 1 0000| RCI 1130 |om?
1 35wk 1 0.115| RC1 382[cmZ/m |58
Fes ity s Tink 11 0000| RCi 154 | em?/m
&1 Required Reinforoement
Fil- by Set of Members
£I- by Member
i~ Member No. 10 - Rib |
i - MemberNo. 11 - b
G- by w-Location
1. Provided Reinforoement fmm]
- Longitudinal Reirforcement;
- Shear Reinforcement
- Reirforcement by x-Locatio
.. Stee! Schedule Detailed Resuis - Set of Members No. 1 - RC1 ST——— Eps ]
1 Design Intemal Forces P
Design Bending Moment 78.05 [ khm
Design Bending Moment 5.82 | kNm
Design Tersionial Moment 16.91 | kNm
Design Aaal Force -2.78[kN
Design Shear Force 30.95 | kN
Design Shear Force 0.00 kN E
Reduced Design Shear Force 0.00 [kN
= State of Strain
Bl Frov. Stress
Steel Stress - Top 450.74 | N/mm?
Steel Stress - Bottom 26177 | Njmm?
Concrete Siress - Top Edge 0.00 | Nmm?2
Concrete Siress - Bottom Edge o2 (bottom) 2000[NmmZ | | Tt T
EiFrov. Sirain
Sirain in Aeinforcemen - 10p ez og) 189652 % 20000
Strain in Reinforcement - Bottom +2 (bottom) 13089
Concrete Strain - Top Edge 20,2 (op) 211503
. = . Concrete Sirain - Botiom Edge oo (ootiom) 35000 % -
To Diplay.. | [ Messages Gephics
|26) Minimum reinforcement for beams - Top acc. to 9.2.1.1 (1)

Window 2.2 Required Reinforcement by Set of Members

The longitudinal reinforcements As are listed for the top and bottom sides of the members.
Additionally, the torsional and shear reinforcements asw are displayed.
29.1.6 Provided Reinforcement

RF-CONCRETE Members creates a reinforcement proposal which is based on the required rein-

forcement and the reinforcement parameters. The rebars are shown in window 3.7 Provided
Longitudinal Reinforcement.

3.1 Provided Longitudinal Reinforcement

A [ c [ 0 [ E [ F [ G | H [ 1 | J
ltem Reinforcement Mo. of ds Length x-Location [m] Weight
No. Posttion Bars [mm] [m] from to Anchorage [kal Notes

Set of Members No. 1 - Rib FBU 450/525/525/300,/300/200
4 200 10.608 -0.083 10.525
2 42 (bottom) 3 200 10.608 -0.083 10.525 7849

@4020, 1=10.608 m

(2520, 1 = 10 606 w

Window 3.7 Provided Longitudinal Reinforcement
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The parameters of each rebar group can be modified via the [Edit] button.

r ™
Edit Longitudinal Reinforcement - Set of Members No. 1, Item No. 1 g
Location Bar Positioning
xfrom 0.00(= [m] Number of bars: 4
lio= 1050 [m] Bar coordinates and hook rotation
. B C
Length: TELD ] Coordinates Hook Rotation
¥ [mm] z [mm] BI1
Reinforcement Layout 0.0 1267 180.0
[ top) .| 2 60.0 1267 1280.0
) £0.0 -1267 180.0
4 200 -1267 180.0
Reinforcement Diameter
D: [mm]
Flace rebars evenly K
Anchorages
Anchorage and Additional Lengths Bending
Anchorage Type Bond Ibd ] Iz Total Dismeter dpr
Start: [Suaght '] [poor '] 020 g - G008 [m] | Im]
End:  |Strmight ~] [poor  ~] [OEA]| 003 00d [m) =1 [m)
Straight Straight
.H - —_—
from 2 R o
| T ' length T
Total length: 10.608 [m]
Total weight 46 [kal
Carc
" J
Dialog box Edit Longitudinal Reinforcement
The links are displayed in window 3.2 Provided Shear Reinforcement.
3.2 Provided Shear Reinforcement
A c D E F G H | J K
ltem Ma. of ds Length x-Location [m] Spacing Link Dimensions Number of | Weight
MNo. Links [mm] [m] from | to sii [m] [mm] Legs kgl Notes
Set of Members No. 1 - Rib FBU 450/525/525,/300/300,/200
1 51 10.0 10500 0000 10500 0.210|410.0/160.0/113.1 2 42.96

@51010—0.210 n

]

Window 3.2 Provided Shear Reinforcement
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Calculation

2.9.1.7 Curtailment

Curtailment Type, we tick the option Curtailment by zones and set 4 zones.

Longtudinal Reirforcement | Links | Reinforcement Layout | Min Reirforcement | EN 1992-1-1

Reinforcement Reinforcement Layers

Possible Max. number of layers

diameters

|:| 2.0

I] 10.0

=] 120 Minimum spacing

ﬁ e - First layer a 20012 [rom] canns

20.0 | [mm] Sl

250

I] 28.0

[ 300 Anchorage Type

320
=B Straight ']
Deformed
Curtailment Type Provided Basic Reinforcement
() No curtailment [ As 2 ropy [T Ax -z pottom)
(@ Curtailment by zones n: 0 0k 1
Number of zones: d 10.0R 10012 [mm]
() Curtailment by reinforcement bars As: 0.00 0.00 [cm2]
2
)

Window 1.6 Reinforcement, tab Longitudinal Reinforcement

3. Provided Longitudinal Reinforcement

After the [Calculation], the rebar layout is adapted to the required reinforcement.

2 Concrete Model / I\
Dlubal

We return to window 1.6 Reinforcement, tab Longitudinal Reinforcement. In the dialog section

A (Mmmmm c [ 0 [ E [ F [ 6 1 H [ J
ltem Reinforcement No. of ds Length x-Location [m] Weight

No. Fosition Bars frm] [m] from to Anchorage Jka] Notes

Set of Members No. 1 - Rib FBU 450/525/525/300/300/200

1 2 200 1362 -0.083 1.279 6.72

2 200 3.391 3.800 7191 16.73

3 - ftop) 2 200 10.709 -0.083 10.626 52.82

4 +2 {bottom) 1 200 2571 4220 7.191 733

5 +2 (bottom) 2 200 10.619 -0.083 10.536 5238

@2020, 1=1362m @2020, 1=339m

@2.20, 1=10.700 m

@2020, 1=10.619 m

@1..20, 1=237m

Window 3.7 Provided Longitudinal Reinforcement
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30-Rendering

2.9.1.8 Graphical Results

3D view

VANSS

Dlubal

By clicking the [3D-Rendering] button we can display the provided reinforcement in 3D.

-

LS

Set of Members No. 10 - Rib FBU 450/525/525/300/300/200

= \

File Extras View

2 RAAS REE O 99 |B|=c]m| Lz

==
= F

| can| mum| scri|
J

3D view of longitudinal reinforcement

We print this view to the printout report PR2, but without opening the printout report on [OK].

-

Graphic Printout

S

General | Options

Graphic Picture

@ To a printout report:
() Ta the Clipboard
() To 30 PDF

Graphic Picture Size and Rotation
Use whole page width

() Use whole page height
(@ Height: 495 [% of page]

Rotation: 0=

Header of Graphic Picture

Reinforcement

() Directly to a printer... [

Window To Print Graphic Size

(@ Curment only () As screen view
@ Window filling

Mass print... ) Toscale 1: 20 -

Options

Show results for selected xJocation in result
diagram

[ Lock graphic picture {without update)

[ Show printout report on [OK]

L5

[ ok ][ cancel

Dialog box Graphic Printout
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RFEM work window

We use the [Graphics] button to evaluate the design results in the work window of RFEM.

In the Result navigator, we set the required reinforcement As,z (top) AN As,+z (bottom).

Panel x

RF-CONCRETE Members

I A=z ftop)
I A= +7 bottom)

- 470 =470
Project Navigator - Results x

--.[[] # Diagrams Inter Coupled - Normalized
cE
o[ ] P As 2 frop)

[ ] P As 4z botom)

-2 Ast

[ e aswTink

[ 72 aswvink
o[l P As z frop) + AsT/2
o [] P As iz (botom) + AsT/2
<[] P Z*aswTiink + aswviink
=[] r#¥ Provided Reinforcement
] P As oz frop) prov.

o] v As sz (bomom) prov.
[ rl* asiinkprov.
-[B] F# Detailed results

SData @Display Aviews D Results

Required top and bottom reinforcement

We can also display the shear reinforcement or contrast the required reinforcement As,z top)

and A,z top) + As;1/2 with the provided reinforcement As, -z top),prov-

1257 12357
1035 | g g Panel
RF-CONCRETE Members
628 608 |
475 | ———*”r:H 7 ]
=N / | | [\\ I A<z ffop)
+ .55 . s L] N A
e s E— } L] | I 5,2 ffop) +
= AsT/2
I As,z {op)prov.
Project Mavigator - Results *

..... [] ¥ Diagrams Inter Coupled - Mormalized

=N0E Required Reinforcement
] P As oz ftop)
[ r As ez (portom)

(LS
- v aswTink
] A aswink

[¥] P Asz ftop) + AsT/2
[ r As 4z (bottom) + B2T/2

o[ A 2*a 5w Tink + @sw Vink

- [B] ## Provided Reinforcement
] P Az frop) prov.
e |:| M A {bottom).prov.
. [ 2 assink prov.
[ [B] ri# Detailed results

5Data ﬂDisplay _ﬁVieWs  Results a: & ﬁ

Required reinforcement and provided reinforcement
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2.9.2 Columns

Eurocode 2 provides three methods for the design of columns: The simplified method based on
nominal curvature (clause 5.8.8), the general method (clause 5.8.6) based on a nonlinear analysis
including second order effects, and the method based on nominal stiffness (clause 5.8.7). For our
example, we apply the general method, i.e. we do not have to use RF-CONCRETE Columns.

Rename case

On the File menu, we click Rename Case.

Rename RF-CONCRETE Members Case [
No. Description
1 Downstand beam -

Dialog box Rename RF-CONCRETE Members Case

We enter Downstand beam as new description of the first design case.

Create new case

On the File menu, we click New Case. We then enter Columns to describe the second case.

New RF-CONCRETE Members Case [
No. Description
2 Columns -

Dialog box New RF-CONCRETE Members Case

2.9.2.1 General Data

1.1 General Data

Design Acc. to Standard / NA
BRI EN 1992-1-1:2004/AC:2010 -
BCEN -
Utimate Limit State | Serviceability Limit State I Details | Fire Hesislancel m
Existing Load Cases / Combinations Selected for Design I
MW (C1 | SeFweight - CO10 [135°C1+15°C2+0 | Persistert and Transie [17]
LC2 Imposed loads T T T m
LC3 | Windin +X
LC4 | Windin+Y U
LC5 Imperfection towards +X g
[ imp BEe Imperfection towards +Y z 0
€Ot |135°C1 i
CO2 |1.357C1+1C5 o ]
CO3 |135°1C1+1C6 - -n
co4 |1351CT+151C2 - u
CO5 | 135001 + 1.5°1C2+LC5 1 E
CO& |135°LC1+1.51C2+LCE ll (7}
co7 1.35"1C1 + 1.5°L.C2 + D.9°LC3
COB | 1.35°C1+1.5°LC2+0.97LC3 + LCS : E
CO% |135°LC1 +1.57LC2+0.9°LC4
CO11 | 1.35°1C1 + 1.5°1C3
Ei €012 | 1.35°LC1 + 1.5°LC3 + LC5
CO13 {139°1CT+1.571C4 i Reinforced concrete
design of members
e - @& g
Options
Nonlinear calculation.
Activate creep and shrinkage

Comment

Window RF-CONCRETE Members, 1.1 General Data, tab Ultimate Limit State
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In window 1.1, we select CO10 for the Ultimate Limit State design according to EN 1992-1-1
and the CEN recommendations. We have to specify a load combination now because a non-

linear design is not possible for result combinations. CO10 is governing for the columns (see

figure below).

We check the options Nonlinear calculation and Activate creep and shrinkage.

Panel x
453 Intemal Forces
My [kNm]
88
582
283
.16
B.53
3.15 311
£.14
.50 913
-12.13
-15.12
-18.11 -19.23
2110 42
2409
s
Max : 881
Min : -24.09
. -24.09
Bj47
|
T 881
BEa 4
4.6 Members - Internal Forces ®
2 EEE EE 96 E RCL-ULS (STR/GED) - ~ | €@ & | 7 A B [m] | =
B[ C ] D [ E [ F [ G [ H [ ! [ J [ -
Member MNode Location Forces [kM] Moments lkNm]
No No x[m] N Wy Vz Mt My Mz Comesponding Load Cases
. ® 3250 MaxN -125.20 0.68 860 0.02 4712 1.34C0 12
5 0.000 Min N -176.22 0.09 -11.64 .01 13.78 1.27|C0 10
0.162| MaxVy -175.55 0.97 -11.65 M 11.88 111CO 10
25 3.250 Min Vy -12545 -0.01 837 0.00 1784 l27|c03 L
0.162| MaxVz -137.96 0,69 795 0.02 752 078|C012
5 0.000| MinVz -176.00 0.86 -12.25 0.00 13.39 113|CO5
5 0.000| Max M7t -138.63 0.68 -863 0.02 881 083 | CO 12
29 3.250| Min Mt -162.79 0.09 -11.58 -0.01 2409 <1.79(CO 10
5 0.000| MaxMy -176.22 0.0 -11.64 0.01 13.78 127|Co 10
29 3.250| Min My -162.79 0.09 -11.58 .01 -24.09 -1.79|C0 10
5 0.000| MaxMz 17622 0.09 -11.64 m 1378 127/CO10 -
Resutts - Summary | Nodes - Deformations [ Lines - Support Forces | Members - Local Deformations | Members - Global Deformations | Members - Intemal Forces rrl

Internal forces and governing load combinations of RC1

Again, there is no SLS design.
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2.9.2.2 Cross-Sections

In window 1.3 Cross-Sections, we can check on the settings for creep and shrinkage by click-
ing the [...] button. We do not change them, however.

1.3 Cross-5Sections

A B c ] Reclangle 3601360
Section | Material Opti- Creep Coefficiert /
No No Cross-Section Description mize Notes Shrinkage Strain
ﬁ 2 | Rectangle 350/350 ] 3120/0477 gﬂ
= 2 Rectangle 200/150 O 3.509/0.387
- | VS
Settings for Creep and Shrinkage
[ Counting Form Set Settings for
Determination of creep coefficient T | Age | @ Cross-section:
Detemination of the shrinkage strain | | Age | -
H Input Data Rectangle 350/350
Considered age of concrete (creep) ‘ tx ‘ 27333 | Days
Considered age of concrete (shrinkage) ‘ ts ‘ 27393 | Days oAl ctions
[ Effective componert thickness -
Cross-section surface Ac 1225.00 | cm2
Air Exposed Perimeter u 1400.0 | mm
Effective component thickness hg 175.0 | mm ’
Type of Cemert Cem Typ N © Cross section No.:
Age of concrete at beginning of shrinkage I 28| Days 1.2 (mm]
PRelative humidity RH 500 (%
[ Age of concrete at beginning of creep Determine -
Consider Temperature Mo
Effective age femperature) tt 7 | Days
Consider the type of cement Yes
Age of concrete at beginning of creep to 7 | Days
B Result
Determined creep coefficient ‘ otto) ‘ 3120 |
Determined shrinkage strain ETI 0477 | %
Cancel
! — ! !

Window 1.3 Cross-Sections, dialog box Settings for Creep and Shrinkage

Windows 1.4 Ribs and 1.5 Supports are not relevant for the column design.

2.9.2.3 Reinforcement

As we design only the columns, we enter the member numbers 1-9.

1.6 Reinforcement

Reinforcement Group

Applied to
No.: Description Members: Al
1 7 || Sets of members: Fa
Longitudinal Reinforcement | Links | Reinforcement Layout | Min Reinforcement | EN 1952-1-1 | Cross-Section
Reinforcement Reinforcement Layers. 1 - Rectangle 350/350 V]
Possible Max. number of layers: (e Rectangle 350/350

_diameters

Minimum spacing

- First layer a: 200 [mm] seewe
- Additional layers b: | [rom] SllE

[ 3 S —
Anchorage Type Y\\\ ¥
Stmlghtg = -] \\\\\\x

ARRRRRRRMANNANNRRY

Steel surface:

+
E
Deformed
Curtailment Type Provided Basic Reinforcement
@ No curtailment [T As 2 gy [ Pp— mm]
(7 Curtailment by zomes n: 0 0 Settings
Humber of zones: 3 d: 100 1001 [mm] Design the provided reinforcement

() Curtailment by reinforcement bars As 0.00 0.00 [em2]
MHumber of bars: 2

[mm]

Window 1.6 Reinforcement, tab Longitudinal Reinforcement

In the Longitudinal Reinforcement tab, we select the diameters 20 and 25 mm for the design.
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Calculation

The Reinforcement Layout tab controls the arrangement of the rebars. The Cover is 30 mm for
all sides again. We set the layout option In corners (symmetrical distribution).

| Longtudinal Reirforcement | Links | Reirforcement Layout | Min Reinforcement | EN 1952-1-1

Concrete Cover

plate width

Distribute reinforcement evenly over complete

Coz ftog) © 30.0= | i) [T Cover ace. to Standard =]
C+z {bottom) | 30.0 5 || [rm] & |eesee
Cay (side) © 30,0 ||[mmm] = =
¢ > £
l | 5
Cover to Bar Centroidal Axis z -]
o
[mmn] Cover acc. to Standard =] LA LN 4
%
[rrirn] Ciy (side]
[rrirn]
Reinforcement Layout Settings
[In Comers ical distibution) v]l Relevart intemal forces for concrete
design:
N My

Mvy @My
#Vz [IMz

Window 1.6 Reinforcement, tab Reinforcement Layout

In the Min Reinforcement tab, we define a maximum bar spacing of 150 mm. The diameter of

the secondary reinforcement is 12 mm.

| Longtudinal Reirforcement | Links | Reirforcement Layout | Min Reinforcement | EN 1952-1-1 |

Minimum Reinforcement

Standard

to avoid shear reinforcement

Secondary Reinforcement

Min As: 0,00 [em?]

[em?]

(@ Use required longitudinal reinforcement

() Use provided longitudinal reinforcement

Maximum bar spacing:
150.0 | [mm]

reinforcement

-

[ \dentical diameter as longitudinal

[ Add comer reinforcement

Minimum longitudinal reinforcement according to

Minimum shear reinforcement according to Standard

Longitudinal Reinforcement for Shear Force Design

() Automatically increase required longitudinal reinforcement

Serviceability Limit State

[rrrn] 5]
[rrirn]
Pure Tension
Crack formation in the first 28 days
-z ftop) / +z (bottom)
Dimension of longitudinal reinforcement for (==

serviceability limit state

Window 1.6 Reinforcement, tab Min Reinforcement

Then we start the [Calculation]. The nonlinear design requires several load steps and iterations.
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2.9.2.4 Required Reinforcement

For all columns, the required reinforcement As.otal can be covered by the minimum reinforce-
ment for compression members.

2.3 Required Reinforcement by Member

A C D E F G - Rectangle 350/350
Member | Location | LC /CO | Reinforcement Emror Message
Reinforcement|  No x [m] RC Hrea Unit or Note
Member Mo. & - Rectangle 350,350
As,totsl 5 0.000] CO10 245 em? 22) 25)
AsT 5 3.250 | CO10 001 | em?
Bsw,V link 5 0.000 | CO10 0.00]emZ/m |58 933)
3w, T link 5 3.250 | Co10 0.00 | emZ/m = —
Member Mo. & - Rectangle 350350
Astotal 6 0.000 | CO10 245 cm?2 22) 25) = —
AsT [ 0.000| CO10 001 | em?
asw Vlink [ 0.000| CO10 000 cmZ/m |58 333) P
3= T link 6 0.000 CO10 0.00 | cm2/m
Member Mo. 7 - Rectangle 350/350
As ozl [ 7 [ ooon] coto | 245[em?  [22)25)
AsT [ 7 | oooo| cow | 001]cmz | - [mm]
Detailed Results - Member No. 5 - Rectangle 350,350 - CO10 Sigma-c[Mmm*2] Eps [%]
Reirforcement -
[ Design Intemal Forces [T EREET s
Design Bending Moment My Ea 13.78 | kNm |
Design Bending Moment Mz,Ed 1.27 | kNm
Design Torsional Momert Ted 0.01 | kNm
Design Awal Force MNed -176.22 | kN E
Design Shear Force Vy Ed 0.09 | kN
Design Shear Force VzEd -1164 |kN
Reduced Design Shear Force VzEd red -11.64 | kN
[ State of Strain
[l Prov. Stress P B e (e -— =
Steel Stress - Top Ts.z {top) -435.46 | N/mm?Z
Steel Stress - Bottom s, +2 (bottom) -
Concrete Stress - Top Edge G,z (top) -20.00 | N/mmZ
Concrete Stress - Bottom Edge G, +2 (botiom) 0.00 | N/mm?Z
[ Prov. Strain 1.885
Strain in Reinforcement - Top 5. (top) -2.8588 | %
Strain in Reirforcement - Bottom &4z (bottom} -
Concrete Strain - Top Edge g2 (top) -3.5000 | % -

Window 2.3 Required Reinforcement by Member

2.9.2.5 Provided Reinforcement

The reinforcement proposal includes the reinforcement in the corners and the secondary rein-
forcement at the cross-section sides.

3.1 Provided Longitudinal Reinforcement

A C D E F G [ H 1 1 K -
ltem Reinforcement No. of ds As Length x-Location [m] Weight il
Mo Posttion Bars [mm] [em?] [m] from | to Anchorage lkal Notes

Member Mo. 1 - Rectangle 350/350
1 [Comers [ 4 [200] 1257 | 3650[ 0200[ 3.450] | 3s01]
2 [Seconday ] 4 [120] 45 | 3250 oo0oo| 32500 O | 1154] L
Member Mo. 2 - Rectangle 350/350 3
1 [Comers [ 4 [200] 1257 | 3650[ 0200[ 3450 | 3s01]
2 | Seconday [ 4 120 452 | 3250 o000 3250 O [ 1154
Member Mo. 3 - Rectangle 350/350
1 [Comers [ 4 [200] 1257 | 3650[ 0200[ 3450 | 3s01]
2 | Seconday [ 4 120 452 | 3250 o000 3250 O [ 1154
Member Mo. 4 - Rectangle 350/350
1 [Comers [ 4 [200] 1257 | 3650[ 0200[ 3450 | 3801]
2 | Secondary [ 4 120 452 | 3250 oooof 3250 O [ 1154
Member Mo. & - Rectangle 350/350
1 |Comers [ 4 200 1257 | 3650[ -0200] 3450] [ 360
2 | Secondary [ 4 120 452 | 3250 oooof 3250 O [ 1154
Member Mo. & - Rectangle 350/350 -

BIBAALIRERED & /@ (s EEDm [ = = 0 ®

L

()apz00,1=3550m

ey
(2)ap120,1-3250m

Window 3.7 Provided Longitudinal Reinforcement
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3D-Rendering

2.9.2.6 Nonlinear Calculation

VANSS

Dlubal

The results of the nonlinear analysis are listed in windows 6.7 Ultimate Limit State for Non-

linear Calculation and 6.2 Design Details.

6.1 Ultimate Limit State for Nonlinear Calculation

A_[EECENN C D

=

Ll

| »

mn

Member | Location LC Safety Utilization
No. x|m] No. factor 7 [1 1/ H Notes
1 0325| CO10 24.036 0.042
D488 CO10 26.000 0.038
0.650| CO10 28071 0.036
0975| CO10 32440 0.031
1.300| CO10 34341 0.023
1625| CO10 30.481 0.034
1950 CO10 26.054 0.038
2275| CO10 21.896 0.046
2600 CO10 18.311 0.055
2763| CO10 16.793 0.060
2925| CO10 15.454 0.065
3088| CO10 14.284 0.070
3.250; CO10 13.262 0.075
Detailed Results - Member No_ 1, x: 3.250, CO10
[ Utimate Intemial Forces Rrd
Utimate Momert About Axis y Myra -167.71 | kNm
Uttimate Moment About s z Mzrd -84.58 | kkNm
Uttimte: Normal Force Nrd -1295.96 | kN
[ Stress and Strain Analysis
Uttimate Curvature 1/rRa 1.4181E02 | 1/m
Uttimate Curvature in y-Direction 1/ryRd -7.D074E-03 | 1/m
Ultimate Curvature in z-Direction 1/rzRd -1.2325E-02 | 1/m
Direction of the Principal Curvature ©Rd -150.4 | °
1 Design Details
Steel Stress in Goveming Fiber GsRd 403.54 | N/mm”2
Steel Strain in Goveming Fiber £sRd 208 | %
Concrete Stress in Goveming Fiber GeRd -25.50 | N/mm™2
Concrete Strain in Goveming Fiber EcRd -3.500 | %
Assessed Concrete Residual Tensile Strength TotRd 0.00 | N/mm*~2
Maximum Concrete Tensile Strain EotRd 3.268 | %
[ Design Intemal Forces R (yr - 1.30)
Bending Moment About the y-fads MyEd -12.65 | kNm

Window 6.7 Ultimate Limit State for Nonlinear Calculation

2,9.2.7 Graphical Results

3D view

We return to window 3.1 Provided Longitudinal Reinforcement and use the [3D-Rendering]

button again to display the provided reinforcement in 3D.

-

Member Mo. 1 - Rectangle 350/350

=)

File Extras View

B RAXS FEEOF @3 O=mm L= =

(2je12, 1 =3280 m

S
@on, 1=3650m

—_—

|cap| NUM] ScRY |
4

L5

3D view of reinforcement
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We print this view to the printout report PR2, but without opening the printout report on [OK].

-

Graphic Printout

S

General | Options

() Directly to a printer...

@ To a printout report:

() Ta the Clipboard
() To 30 PDF

Graphic Picture Size and Rotation
Use whole page width

() Use whole page height
(@ Height: 495 [% of page]

Graphic Picture Window To Print

Graphic Size
(@ Curment only () As screen view
More.... 2 @ Window filing
Mass print... ) Toscale 1: 20 -
Options

Show results for selected xJocation in result
diagram

[ Lock graphic picture {without update)

[ Show printout report on [OK]

Rotation: 0 I

Header of Graphic Picture

Reinforcement

oK | [ Cancel

L5

Dialog box Graphic Printout

RFEM work window

We use the [Graphics] button to evaluate the design results in the work window of RFEM.

In the Result navigator, we set the ultimate internal forces Myra and Mzrq Of the nonlinear

calculation.

Project Mavigator - Results X
..... [ »# Diagrams Inter Coupled - Normalized
[ [B] v# Required Reinforcement

[ [B] v Provided Reinforcement

- [E] v Nonlinear Calculation

..... (® »i¥ Ultimate Limit State

- [B] ## Load Case / Load Combination
o E

[ P Myrg

[¥] P Mzrg

[ Nrg

[ [B] v Internal forces

[ [B] v State of strain

[ [B] v# Cross-Section Properties
[ [B] P Stiffness
&
&
£

- [B] v# Global Modal Displacements

- [B] »¥ Local Node Displacements

- [B] e Partial Factor

- [] v Reinforcement - Rendering

' Tl | »

96.93 -152.87
5961 -113.38
12539 4976 -49 BT

ﬁData ﬂDisplay ,ﬁ\c’iews  Results

7005 E353
153 .
2934 § 3104 KR
74.21 6.6
-40.80 2445 | 458
829 ) 4472
657 | 1058
XYY
z2

—_ 1342
3452
942 54 55
677
16218
7311
127 08
11.01

Ultimate moments of nonlinear calculation
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We can also display the mean moments of inertia lym and l.m of the columns that are used for
the nonlinear design.

4 B220E+05

4 B220E+05

408 4 B220E+05

4 G220E+08 462208
20E+08 462
E
+08 JhEead 4 B2I0EE 4 B220E+08
4 6220E+05 462

4 B220E+05

| + E
i e 452208408 ;DSET 4 B220E+05 4 G220E+05
4 B220E+05 4 BOG0E+08
4 B220E+05 4 G220E+05 PY——— 4 E2o0Es0s Py ———
. 20E+05
Project Navigator - Results X

----- [ »# Diagrams Inter Coupled - Normalized 3.8261E+03

[ [B] ¥¥ Required Reinforcement 4 B220E+05
[ [B] v# Provided Reinforcement

=) [B] v# Nonlinear Calculation

..... (® »i¥ Ultimate Limit State

i--[B] v Load Case / Load Combination
- [B] v Ultimate Internal Forces

- [B] r# Internal forces
H
|

4 B220E+08

e IO e O B

-[B] v State of strain i 5
RO o Section Properies |
[ Ty

] v Lzm

Ort Am

- [H] P Stiffriess

-.[B] ri# Global Nodal Displacements
-[B] ¥ Local Node Displacements

-[B] v Partial Factor

[ [] ¥ Reinforcement - Rendering

4 T | »

ﬁData @Display ,ﬁ\c’iews  Results

)

e IO e O B
[ e T R )

Mean moments of inertia of nonlinear calculation

We print this view to the printout report PR2, but now showing the printout report on [OK].

Graphic Printout @

General | Options I Color Scale I Factors I Border and Stretch Factors |
Graphic Picture Window To Print Graphic Size
() Directly to a printer... (@) Cument onfy () As screen view
@ To a printout report: More.... 2 @ Window filing
() Ta the Clipboard | (C) Mass print... 2 ) Toscale 1: 20 -
() To 3D PDF
Graphic Picture Size and Rotation Options
Use whole page width Show results for selected xdocation in result
diagram
() Use whole page height S -
[ Lock graphic picture {without update)
(@ Height: 495 [% of page]
Show printout report on [0K]
Rotation: 0 I
Header of Graphic Picture
RF-CONCRETE Members - Cross-Section Properties |<sub>ym</sub>, Cross-Section Properties |<sub>zm</subz, C#

oK | [ Cancel

L5 A

Dialog box Graphic Printout

RFEM Training Manual © 2016 Dlubal Software GmbH
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A

2.9.2.8 Printout

The printout report PR2 is opened. It contains all data of the concrete design,

two 3D-rendering graphics of the Reinforcement.

Dlubal

including the

[ 1.2 Materials
[ 1.3 Cross-Sections

RF-CONCRETE MEMBERS - Cross-Section Properties |,r,, Cross-Seclion

Properties |, CAZ, ISOMETRIC

(#- ) Required Reinforcement
3 Provided Reinforcement
-[7 Motes
L@ Reinforcement
= CA2 - Columns
[ 11 General Data
[ 1.1 Settings - Nonlinear Calculation (State

L[ 14 Ribs

[T 15 Supports o cONCRETE temaers A2
[ 1.6 Reinforcement Group Neo.1 Vamoz

=2 Results e

=
s2mEe

39087 EvE

EzmEE s
bazmEe

- [7] 1.2 Materials
[T 1.3 Cross-Sections
[T 1.3 Creep / Shrinkage
[ 1.6 Reinforcement Group No. 1
d Results
é . Required Reinforcement
i |.PT 21 Required Reinforcement by Cry
[ 2.3 Required Reinforcement by Me
[T 24 Required Reinforcement by x-1
- Provided Reinforcement
E ‘24 Monlinear Calculation
[ 6.1 Nonlinear Calculation - Ultima
[ 6.1 Details Ultimate Limit State - M
. FT 6.4 Design Details
[T Motes
® RF-CONCRETE Members - Cross-Section
] I K

¥

Max lym: 46219
215!

958.0, Min l-ym: 480992864.0 mm*
Max lzm: 45: 4521955.5 mm'

35510, Min l-zm: 48215555

m

Pages: 143 Page: 143

&, Printout report - PR2: Concrete® = | 5 S
File View Edit Settings Insert Help
BBl s v FLI2L- R EEED FaaR
Printout Report Navigator x ~
HZd Printout Report
E Contents Diubal Software Page WIS
) RF-CONCRETE Surfaces fem Zelveg 2, D-83484 Tatenbich seet i
(=28 RF-CONCRETE Members s sl o
[=-1Z8 CAlL - Downstand beam
[ 1.1 General Data Projest  Traiing Mocel Comorete Model Cate B01L2014
[ 11 Settings - Nonlinear Calculation (State TrEning eiEmpes o

sometn:

+IBSuEDE
PN

+EmaE0E

Py

Graphic in printout report PR2

We can check on the data of the two design cases.

Diubal Software Page 1014
- Am Zelweg 2, D-33454 Tisfenbach Snest 1
: s
p-
Project Traking Model Concrete Model Cate: 2B01.2014
TIEhlI'I] exa’nples Renforced concrete model with slabs, rios
and columns
¥3.1.1 PROVIDED LONGITUDINAL REINFORCEMENT - ANCHORAGE
Anchorage Type | Bond | ke [m] | I [m] | k [m] | Total [m] | der [m]
Continuous Memiers 1
‘Sraight == 0200 0083 0083
Sragm poor oar oar 0T
‘Sraight == o 0200
Sraight poor 0200 0200 0200
‘Sraight = 0200 0083 0083
Sragm poor 0301 0126 0126
‘Sraight pood 0200 0200 0200
Sraight pood 0200 0200 0200
‘Sraight pood 0200 0083 0083
Sraight pood o211 0038 0038
RF-CONCRETE MEMBERS - SET OF MEMBERS NO. 1 - CONTINUOUS
MEMBERS 1
2620, 1 = 1.362 m @2!20, 1=3.391m
@2!20, 1=10.709 m
— — —

{5)2#20, 1 = 10.619 m

Provided reinforcement of downstand beam

(L1120, 1 = 2,971 m
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It is possible to modify the [Selection] of this printout report at any time.

Create PDF file

We now create a PDF file of the concrete data. The function Export to PDF is available on the
File menu.

] Concrete.pdf - Adobe Reader =8
File Edit View Window Help x
@ Ej @ @ E/ @ ¥ (3 | lz‘ s Tools | Sign Comment
1] ‘ Bookmarks il @

Dlubal Software Page: 744
I:P [ A Zebweg 2, D-03484 Tiefenbach Shest I
- A [ rcomcRETE surees
= | B [P printout Report - -
((% [P Contents Project: Training Modet Concrete Modsl Date: 28012014
o Training examples Renforced concrete mode! with siabs. ribs
[P RF-CONCRETE Surfaces and s
CONTENTS
B - Reil L
Fem Remfu_r(ed E e T N = T
concrete design | A 1H | i R b en i
I | Ameomon 1 sxs || i rae z
1.1 General Data 14| Remuemeions e 2w 2 |3 | Eodeslmguara <enroenen -horage £
21 | Requeedemoroement Toa 3 RECONCRETE Mamoers - Vsmeer . 1 - Rctngs 5
I 1.2 Materi | R R e 3 T
.2 Materials Tk 1 FF-CONCRETE MeTDers - Nembsr N0, 2 - Rectge 27
I a2 Serviceabiity Check by Surface 4 35350
I 13 Surfaces FEVRTNEE carerneren Ty e et Memhero.3 - feclage. 21
2o AL #F-CONCRETE Members - Member Ho. 4 - Restangie 23
[P 1.4 Reinforcement A ONERE TE Sirtages - Requied Rermement s S oneTe Neroess vemier o 5 - Retnge 28
semm- CAL 3mam
Group No. 1 - Slabs i) R RF-CONCRETE Members - Member Mo, 6 - Retange 28
RFLONCRETE Siraces - Reqired Reffoosmert & S
. gL #F-CONCRETE Members - Member Ho.7 - Restangie 29
I 1.4 Reinforcement T Py
= B A RO S Reqearnenet 7 TCONCRETE Narows - Narber N € - FRtnge 0
roup = s exprme AL, ) i
op e — L, | S e
Wom g CAL
fesults R\rnzm:'mm SF-CONCRETE Memoess - Mermber Ho. | - Reange 31
o Required €41 - Downatand bsam RP-CONCAETE Members - Member No. 2 - Rectinge 32
- u General Dats 8
Reinforcement Total B | S N caaion e : FCONCRETE Memoers - Merber Ho. 3 - Rectande 22
FEO L . ] SF-CONCRETE Memoers - Nember Ho 4 - Recinge 33
[P 2.2 Required P e H S cReTe Merves -Memper i § - Retane
Reinforcement by 33| Do marmeeent by ost oremoers 3 S ONCRETE Nairoars - Vember Mo, 6 - Rectage 31
Z: | Required Reinforoement oy Uemter H
Surface 2i | Reqursdssrbromen oy xiocan 3 FF-OONCRETE Memoers - Member Mo, 7 - Rectange 34
i1 | Frisdionin rertarn Ao 1 ATCONCRETE Mo - Mt .0 - Rt 39
[F 3.1 Serviceability o e et P SONCRETE Mot -Merter b § - Redae 38
Total ¥ | Ecnrm e sewuemseno - 5 (33| Smieoseroesmen oy ciotm =
22| ProvasgRatoremert oy -Loca 1 [ | Reer Catuston- Usmate it st i
[P 3.2 Serviceability | eyt Bl | e e z
Check by Surface Rartacerent e | coomosue .
Caz - Cotamna =) &
P serviceability Check T e m—— G o — -
12 | Mamas 5 Cross-Section ropertes b,
Notes 13| Cusssecnne 15 €2, cmame
[P Rr-cONCRETE 1.1 GENERAL DATA
Surfaces - Required S— —
Reinforcement ULTINATE LT STATE
a-s,1,-z (top), CA1, In Resuficambinaon for dslg: moi LS ETRIEED) - ermcnent Srcent - £.10
Z-direction SERVICEABILITY LT STATE
[P RF-CONCRETE e = 5=
Surfa(es - Required Type of SL5 mesioc: g o o e ot .
Reinforcement - o
a-s,2,-z (top), CAL, In Lot o el itoroement .
Z-direction TSt ey e °
oeTALS
[P RF-CONCRETE e s
Surfaces - Required e e
Reinforcement e m—he
a-5.1,+z (bottom),
CAl, In Z-direction
[ RF-CONCRETE
Surfaces - Required 1
. q T RFEM 5.02 0020 - General 3D structures solved using FEM I www dlubal com
Reinforcement
a-5,2,+z (bottom), p il

PDF of concrete data
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|3. Steel Model

We will analyze the steel column base shown in the following figure. At the end of this exam-
ple, we will perform a design by means of the add-on module RF-STEEL Surfaces.

Column base with dimensions
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VANSS

|| Create combinations automatically
@ Load combinations

Result combinations

[ Options |
Display Properties 3
Units and Decimal Places...

Display Margins and Stretch Factors..,

% el

Customize Tool Icons...

[¢wh
(85

Program Options...

&

Configuration Manager...

Dlubal

3.1 Model

We create a new model file as described in chapter 1.3.2. This time, however, we disable the
option Create combinations automatically.

3.1.1 Settings

For the design of steel models, it is useful to refine the grid points to 0.1 m. We open the Work
Plane and Grid/Snap dialog box by clicking the toolbar button [Settings of Work Plane, Grid/
Snap, Object Snap, Guide Lines].

Waork Plane and Grid/Snap =
Work Plane Origin of Work Plane
Coordinate system: Node No. -
Standard - =
Coordinates ¥ 0,000 x| [ml
@ %y r
: ) A8 _D 0008 x| [m]
vz e
ox v ¥ |' P 0.0008 x| [m]
z
Grid/Snap ‘ (Object Snap I Guidelines | Background Layers | Line Glids‘
Show Type Number of Grid Points
Girid @ Cartesian [7] Dynamically according ta size of model
Shap ) Palar
. = [+ [
Distance: 1015 [pw] . S -
Direction 1 0= 0=
. 2 305 305
n n
T
. | Grid Point Spacing
o co ‘| Space b: 010072 [m]
m b.b.b.b.
= = h 0100/ o] [m]
= o
il ”—J'[?‘. ) | Rotaon B 0000 11
ny A Ta .
;_' | o .| ©rid Line Spacing
v
-2 - Mumber ni: 105
ni: 105

Dialog box Work Plane and Grid/Snap

We set the units commonly used in the design of steel structures. To do this, we open the

Units and Decimal Places dialog box by using the Options menu.

Here we set the unit mm for the lengths, surface thicknesses, dimensions and sections.

Units and Decimal Places @
Program / Module Model ‘ Loads I Results | D\mensmnsl
RFEM " -
- RF-STEEL Surfaces Geometry Materials
RF-STEEL Members Unit Dec. places Unit. Dec. places
--RF-STEEL EC3 Lengths mm - 1% E-, G-Modules: kN/em™2 ~ 25
- RF-STEEL AISC | = =
- RFSTEELIS Angles deg - 2k | Spectic weights: 2k
S;ig¥§§tg‘:‘ . Surface thicknesses: 115 Coeff. of thermal expansion: 25
~-RF-STEEL GB Paisson’s ratios - 3=
RFSTEELCS S 2
-~ RF-ALUMINIUM
-~ RF-KAPPA Cross-Sections Supports / Stiffness / Orthotropy
RF-LTB
- RF-FE-TLB L Dimensions: mm v] ll= Forces: kN b I
RF-EL-PL Section properties: mm -~ 14 Lengths for moments: K1
- PLATE-BUCKLING Wiight per length: kg/m b 1= Lengths: E IE
--CRANEWAY . - . Y
Surfaces 2 3= Angles 45
- RF-CONCRETE Surfac T ?
g;ﬁgxgg;¥§?e‘mh' Non-Dimensional Other
alumi
RF-PUNCH Factors 2 Standard gravity: 2
- RF-TIMBER Pro Percents: 2k Weight: 2
-~ RF-TIMBER AWC
RF-TIMBER Gas Pressures: 25
-~ R%-TIMBER ry
RYCTIMBER Molar Mass 3IE
-+ R¥-TIMBER Themal Conductivity: WmK 3=
- RX-TIMBER %
s

Dialog box Units and Decimal Places
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3.1.2 BasePlate

Rectangular surface
We open the dialog for the input of plate properties by clicking [New Rectangular Surface].

In the New Rectangular Surface dialog box, we select Steel S 235. We keep the thickness type
as Constant, set the value of the surface thickness to 50 mm and then click [OK].

- ~
New Rectangular Surface [iE-J
Surface No. Surface Type
1 Geometry: |[l Plane
Material Stiffness: [ Standard ~ =
| L |5hEE|S 235 |EN 1893-1-1:2005-05 - | Surface thickness "Constant’
Thickness
@ Constant r_i;
Thickness d: 50.0 = ¢ [mm]
_ Variable. .. =
—
Comment
- =)
o) [onm

" A

Dialog box New Rectangular Surface

The mouse pointer becomes a reticle. For a better view, we click [View in Z direction].

We move the reticle to the point 0.0; 0.0; 0.0 and click it, thus setting the first corner of the
plate. We next place the reticle on the point 500.0; 500.0; 0.0 and click it.

Now we have set the rectangular surface and can quit the input function by right-clicking an-
ywhere in the work window.

When we click [Show Whole Model] or [F8], the rectangular surface should look like this.

|

1

Base plate
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Fastener holes
We copy the lower left node of the plate and then move it by 100 mm in X-direction and by
-100 mm in Y-direction. This node will be the center point of the fastener opening.

We select this node by clicking it. Then we click [Move and/or Copy] to open the Move or
Copy dialog box. We set the Number of copies as 1, because we want to copy the node. In the

Displacement Vector section, we enter the value 100 for dx, and -100 for d, and then click [OK].

Move or Copy - Copy [&J

Number

Mumber of copies

e
e T
Z

Reference to Coordinate System

© Blobal X.YZ C5
User-dafined LY W C5 ; ’

Dizsplacement Vector

de | 100050 )| [

dy: 100005 »| [mm]

dz: | .01 ]| fmm) Mumbering Increment for
il Continuous
il Continuous

Lines: il Continuous

il Continuous
il Continuous

(0] 3 ] [ Cancel

"

Dialog box Move or Copy - Copy

Now we open the New Circle dialog box. To do this, we select New Circle via Center and

Radius on the menu of the [Polyline] button as shown on the following figure.

|E-|
U Paolyline...

Arc via Three Nodes...

Arcvia Center Mode, Edge Mode and Angle...

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

e e g

Arc via Tangent Lines and Radius...

»
H

Circle via Three Modes...

Circle via Center and Radius...

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

Hyperbola...

Spline...
MURBS...

pCF ALQ00 B0

Trajectory...

fo
4

On Surface...

List button [Polyline]
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-

New Circle

(S

Member No. | Line No.

5

Circle Parameters

[T 5tep

Ar:

Ao

EEN

Node No.

Apply

||~

The New Circle dialog box opens. The mouse becomes a reticle.

_

Dlubal

1

r

New Circle

S

IPOFN

.l"’| E
x":| E

Member No.

Reference
) Current C5 # | [mm]
@ Grid arigin Y = [mm]
) Last node z = | [mm]

WlcEE
<
@

®
&

Line No. Node No.

5[ 5

Coordinates

Length

=
¥

Step

e
4]

Apply

Dialog box New Circle

Now we select the copied node. The dialog box shown on the left opens. We specify the value
20 mm for the radius and then confirm it by pressing [Enter]. Please make sure that you do not
move the mouse pointer outside the dialog box. If the mouse pointer is in the work window,
the value changes because then the graphical selection is active.

To close the New Circle function after creating the circle, we right-click in the work window.

To create an opening in this circle, we click [New Opening via Selection of Boundary Lines],
and then click the circle as shown in the figure below. Thus we create a circular opening in the

plate. We quit the function by right-clicking anywhere in the work window.

Select the
boundary lines!

Select Line
Lines: 5
Selected:

Cancel

Creating circular opening
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We want to create the other fastener openings by using the Rotate function. To do this, we
first must determine the center point of the rectangular plate as the reference point for the
rotation. To this end, we create a diagonal between two corner points of the plate. Then we di-

vide it via the context menu of this line.

P ——

/| Edit Line...
_/x Delete Line
o
Divide Line
Create Mode "On Line’

FE Mesh Refinement

~ | Bxtend Line...
My | Set Parallel Line...
#5 | Extrude Line into Surface..,

=
] % Reverse Line Orientation
i

°\Q‘7 Move/Copy...

vj;’_i Rotate...

Line context menu

In the Divide Line Using n Intermediate Nodes dialog box, we set the number of intermediate

nodes to 1. Then we click [OK].

/5; Graphically
f’ nIntermediate Nodes...

_’)a Distance...

e

-

Divide Line Using n Intermediate Modes

=53]

Line No.
G

Method of Division

i@ Divide line by new intermediate
nodes

(71 Flace new nodes on the line without
dividing it

Number of

Intermediate nodes:

Numbering Starts with

Mo
Haode: 0p Continuous
Line: 0E Continuous
Member: 0= Continuous

@] (=) oK

l [ Cancel

L

Dialog box Divide Line Using n Intermediate Nodes

We have now divided the diagonal into two equal lines. Now we delete the diagonal since we

needed it only to create the center point for the rotation.
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Next we want to select the entire opening with the circle. To facilitate the selection, we change
the view to [Wireframe Display Model]. Now we draw a selection window across the open-
ing, thus selecting it including all the lines and nodes.

To rotate the selected opening, we click [Rotate]. The Rotate dialog box opens.

S

-
Rotate - Copy

Number Rotation
Murnber of copies Angle
fi: k= &: 90,001+ [1]
Reference to Coordinate System
@ Global %Y Z C5

Uszerdefined LA 4w C5

==
Axiz of Rotation Through
@ Point and parallel axis: |
) Two points
Definition of the Axis of Rotation
T3t point
e 250005 - | ]
¥ 250005 > ) ] Lines:
z 0ok 7| Imm]
|
b} 2

A REIRCARER
@) & @) &)

Numbering Increment for

7
7
1
1
7

Continuous
Continuous
Continuous
Corntinuous

Continuous

Cancel

Dialog box Rotate - Copy

Since we need three additional openings, we set the number of copies to 3.

The rotation is defined by a point and one principle axis. The point of rotation is the center

point of the plate. We can enter its coordinates manually or by using the [Select] button. We
rotate the openings about the Z axis by 90°. When we confirm the dialog box, RFEM creates
the additional openings.

| —

Fastener holes in base plate
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3.1.3 Column

There is a "complicated" and a "simple" way to create the HEB 200 column at the base plate.
First we want to look at the complicated way, as this allows us to compare it to the more effi-
cient way.

3.1.3.1 Manual Definition of Surfaces

We copy the center point of the base plate by 92.5 mm in the X-direction. To this end, we se-
lect the point and open the Move or Copy dialog box.

Move or Copy - Copy lﬂhj

Number

Mumber of copies _
>
H 1= YK ] 2
z

Reference to Coordinate System PO -
@ Global XY Z CS
User-defined UMW C5

Digplacement Viector

i R [T

dy: 0.0 | [mm]
dz: 0.0 ¢ [mm] Numbering Increment for
Cortinuous

Cortiruous

1
1
Lines: il = /| Cantinuaus
1 Cortiruous
1

Continuous

@ & @) & [0 [ Cancel |

L 4

Dialog box Move or Copy - Copy

When copying the node, we want to create connection lines between the original node and
the new one. To do this, we click [Edit Expanded Settings]. The Detail Settings dialog box
appears where we check Create new lines between the selected nodes and their copies.

With these settings, the center point of the plate is copied by 92.5 mm in X-direction. The two
nodes are connected by a line.

Now we copy the node by 100 mm in the Y-direction in a similar way. After that, two new
nodes and two connecting lines are created.

[

t

23
(

Copies of center node with connecting lines

'3 Steel Model 4&
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We now copy the vertical line up by using the drag-and-drop function: We hold the [Ctrl] key
and then grab the selected line. Please grab the line at its lower half (near node 23). Thus, we
can activate the object snap and connect nodes 22 and 23 when they are near each other.

Otherwise, we activate the other node (here node 22).

The lines should look like this now.

.

24

23
I

Copied line

Next we mirror all created lines about the center point of the plate (node 9). We click the

[Mirror] button to open the Mirror - Copy dialog box.

We want to create a copy and, therefore, select the Create copy check box. The mirror plane is
the Y-Z plane. The mirror point is the center point of the plate. This time, it is important to
clear the selection of the check box Create new lines between the selected nodes and their

copies in the Detail Settings dialog box!

Mirror - Copy [iE-J
Option
v
Reference to Coordinate System 7
@ Global =¥ Z CS
Uszer-defined LY CS
Mirrering Plane Through
@ Paint and parallel plane: [Y-Z v]l
() Three points
Mirroring Plane
st point Numbering Increment for
X 250,015 [ = 22| Imm] 1k Cortinuous
b 250,005 [ =l 7| [mm] 15 Continuaus
Z: tcalls [ ad Gl L R il [¥] Continuous
llj B 3 | |3 15 Continuaus
il Continuous
T

L8

Dialog box Mirror - Copy
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When we confirm the dialog boxes with [OK], the H-shape of the HEB 200 cross-section ap-

pears as shown in the following figure.

| .

i

Copied lines in base plate

Finally, we copy the H-shaped cross-section lines by -1000 mm in Z-direction. To this end, we
select the H-shaped lines and then open the Move or Copy dialog box again.

To create surfaces between the original lines and the new ones when copying, we open the
Detail Settings dialog box. There we check the Create new surfaces between the selected
lines and their copies option. As template surface, we select the surface of the base plate. We
can edit the web and flange surfaces later.

Detail Settings for Move/Rotate/Mirror

S

Connecting

Lines between nodes

Create new lines between the selected nodes
and their copies

Create new members between the selected
nodes and their copies

Mone

Sufaces between lines

[7] Create new sufaces between the selected lines
and their copies

Template surface No.:
1 | Standard | 50 | - Stesl 5 235

Solids between sufaces

Create new solid bodies between the selected
surfaces and their copies

Template solid Mo.:

Mone

When ratating create between selected nodes and
their copies:

Staight lines
@ Are lines

Duplicity
Allovs double members

@)

Copied Surfaces

T ———
-:.’:_.::4__ :__.-""‘
-""—J “. ------ SSia
I
/ kq_h_x“‘“—\_
Hﬁh“\/

To copy

Local Coordinate Systems

Adjust lacal coordinate system when rotating ar
mirroring far

| Lines
V| Members

Load Cases
Copy including loading

Adjust nodal loads when rotating or
miroring

Auto Connect

Connect lines/members if they contact

Cancel

Connecting Objects (Lines,
Members, Surfaces, Solids)

L

Dialog box Detail Settings for Move/Rotate/Mirror
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After confirming the data, the model looks like this.

Result of copied lines

We now adjust the surface thickness of the web and the flanges. The web of a HEB 200 section
has a thickness of 9 mm, the flanges are 15 mm thick.

First, we select the surfaces of the flanges. Then we right-click one of the selected surfaces. On
the context menu, we select Edit Surface.

Edit Surface... L\@
Delete Surface

FE Mesh Refinement 3

‘) | Create Solid with Contact...
Extrude ]

r':' Reverse Local Axis System
4y | split Surface...

A? Centroid and Info...

°% | Move/Copy...

CD Rotate...
A:B Mirrar...

Local Axis Systems on/off
REI Display Properties...

B4 | visibility by Selected Objects
84 | visibility by Hiding Selected Objects

Surface context menu
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The Edit Surface dialog box appears. Here we enter the value 15 mm for the Thickness d and

then confirm with [OK].

[ Edit Surface [
General | Support / Eccentricity I FE Mesh I Releases | Integrated I Hxes | Grid ‘
Surface No. Surface Type
3467 Geometry: [H Plane -
Boundary Lines No Stiffness: [ Standard ~ =
17.23,16,10; 16,24,18,11; 19,26,20,13; 21,27,19,14 T e
Boundary Modes No.
2330, 29.30; 22,29, 22,23, 7229, 29.31: 24 31, 22.24; 26 32, 3.
Material /,/""\
W 2| Steel 5235 | BS EN 1993-1-1:2005 - /F" N
£ Y
. Y R
Thickness %//%/////////, \\\\'&%‘\\\:&u\\\
@ Constart //////////;‘\\\\\\ 5
Thdess: [ 750 <0 )
(71 Variable... =]
Comment
-
Fi

L

Dialog box Edit Surface

We change the thickness of the web in the same way by setting the surface thickness to 9 mm.

3.1.3.2 Generation of Surfaces from Member

We can create the cross-section much faster. We return to the original base plate (without the

lines) by using the [Undo] button.

We select the center point and copy it by -1000 mm in Z-direction. The model looks as follows:

™~

Copy of center node

VANSS

Dlubal
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Now we define a member with the cross section HEB 200. We click [New Member Single] to

open the New Member dialog box.

New Member

[SEX=)

General | Options | Effective Lengths | Modiy Stifiness|

Member No Member Type
1 & Beam -~ |
Node No. Member Rotation
=
Member Rotation via Y’ I £

7,
orse e :

() Help node Inside ) | r vy inplane xy
i Start o=y
@y P
e v fere
6 viz B=0
Cross-Section
Member start:  Create @ new cross-section! M @ =
Memberend:  As member start pra— Ser—

Create New Cross-Section for Member Start...

Member Release

Member stat:  None

v.

Memberend:  MNone

¢

[ ok ][ cancel

Dialog box New Member

We now click [Create New Cross-Section for Member Start]. The New Cross-Section dialog

box opens.

MNew Cross-Section

No. Color

|1 @

Cross-Section Description

Crogs-Section Properties | Rotation | IMadify

Cross-Section Properties

Maoments of inertia

X for]
Cross-zectional areas
-
e py [ OOUE ot
e fen?]
Inclination of principal axes
§
Overall dimenzsionz [for non-uniform temperature loads)
wan o o o
o

Material

Comment

&ET

(=] [a8]

S

[

QK

J[ Cancel ]

Dialog box New Cross-Section

Here we select Steel S 235. Then we click the [Import Rolled Cross-Section - HE-B] button.
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The following dialog box appears for the input of rolled cross-sections.

Rolled Cross-Sections - I-Secticns

To Select

Cross-Section Type

To Select

Table

THD
IHP
Iw
Tw
I
TIPE
I IPE750
I IFEa
T IPEo
I IPEv
T IFES
T IPBSB
T HE
T HESA
T HEA
T HEM
T HsL
Iue
Tuc
TIPN
IIPE
THE
THD
TH
THF
Tw

I wTh

Fitter
Manufacturer/Standard group:

All v
Manufacturer/Standard

Al A
Cross-section shape:

Al -

Cross-section note:
All

[ Include invalid

[ Favorites group:

Manufacturer/Standard =

5 ASTM A B BM -
= ASTMABAEM - [
=5 ASTM A B/ BM - [
5 ASTM A B/ BM -

i3 BS 41
i3 BS 441
Arbed
Arbed
Arbed
Arbed
Arbed
Arbed
Arbed
Arbed

Test

Tuc

Arbed

mn

CrossSection
HEB 100
HEB 120
HEB 140
HEB 160
HEB 120

HEB 220

HEE 240

HEB 260

HEB 280

HEE 300

HEB 320

HEB 340

HEE 360

HEB 400

HEB 450

HEE 500

HEE 550

HEB 600

HEE 650

HEB 700

HEB 200

HEE 300

HEB 1000

HEB 200

200.0

2000

Material
W3- Steel S 235185 EN 1933-1-1:2009 v
HEE 200

[mm]

&E ]

&

Cross-section library

In the left column, the HEB cross-section table is preset. We select the cross-section HEB 200 in
the right table and confirm all three dialog boxes by clicking [OK].

The New Member dialog box opens. The mouse pointer becomes a reticle. We now select the
start node (center point of plate) and the end node (copied node) of the member by clicking

them with the reticle.

MNew Member (Line)

Member No. Line Mo.

Reference Coordinates
() Current C5 *
rid origin S
| © Lastnode -
Length
L: 1000
[T/ Step
AL:

HNode No.

1 3 [ 2

) [mm]

| [rom]

| Iom]

| [rom]

| [

Apply

H‘\_

Defining member

e
L]

In this way, we create a member between the two nodes with the cross-section HEB 200.
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We now divide the member into individual surfaces. Before we do this, however, we open the
Settings for this command by selecting

Tools — Generate Surfaces from Members —> Settings.

E Coordinate System...
1"‘ Work Plane, Grid/5nap, Object Snap, Guidelines...

Select Work Plane ]
H8| Grid

4o | Grid Multiply 2x Space
Grid Divide 2x Space

-2‘3 Import Support Reactions as Load...

Connect Lines/Members

@ | Plausibility Check...
Structure Check 3
Delete Loads ]
Generate Model - Members 3
Generate Model - Surfaces 3
Generate Surfaces from Members r !_di' Settings...
Generate Loads H| & | Generate %

M| et Parallel Line...

;%; Set Parallel Member...

Menu Tools

The Settings - Generate Surfaces from Members dialog box opens. This dialog box offers
many setting options. Since we want to achieve the same results as in the "manual” specifica-
tion of HEB 200 section, we deactivate the Surface FE mesh length check box in the Created
Surfaces section, and the Create check box in the Frontal Plates on Both Edges section.

-
Settings - Generate Surfaces from Member [&J
Divide Member Arcs Created Surfaces
@ Automatically ] Surface FE mesh
_ R length:
() Customize
Minirmumn division -
angle: =1k 7]
Minirurn division .
length: 1 #| [mm]
Divide Cross-Section Arcs Frontal Plates on Both Edges
@ Automatically [ Create
) Replace arc by abscizssa Thickness of frontal plates:
() Customize @ Rigid
Minirmumn division - Customize
angle: =1k 7]

Thickness:

[ (] 3 ] [ Cancel

L

Dialog box Settings - Generate Surfaces from Member

We confirm the input with [OK].
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Now we right-click the member to open its context menu.

g Extrude Member into Surface...
Extrude Member into Grid...

Generate Surfaces from Member

Reverse Member Orientation
Create Set of Members...

Create Opening in Surface

Delete Opening in Surface
Centroid and Infa...
Result Diagrams...

Mowe/Copy...
Rotate...

Mirraor...

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

Members' Crientation on/off
Rt:l Display Properties...

24 | visibility by Selected Objects
< 8 | visibility by Hiding Selected Objects

/

Member context menu

We select the Generate Surfaces from Members function. The member model is converted in-
to a surface model. RFEM sets the surface thicknesses automatically.

Surface model

Dlubal
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3.1.4 Rigid End Plate

To apply the loads without singularity effects, we create a rigid surface on the upper end of the
columns. We move the origin of the work plane by clicking [Set Origin of Grid/Work Plane].
Then we click one of the upper nodes of the surface where we want to set the new plate.

Work Plane Origin S -
‘X:. 25000,

Select Point . )
L% - 25000 .
Mode Ma. 22 % -1000 6
Cancel

Defining new origin of work plane

We open the New Rectangular Surface dialog box with the according button. In the dialog
box, we select Rigid as stiffness type of the plate.

f ™
New Rectangular Surface M
Surface No. Surface Type
7 Geometry: ([ Flane
atori Stfiness: | Il Rigid - [:@
Surface type 'Rigid'
N a=l]l=
Thickness
(@) Constant
Thickness d: l:l [rarn]
Yariable... =
Comment
-
] [caes
L. 4

Dialog box New Rectangular Surface

After [OK], we define the corners of the end plate by selecting two diagonally opposing corner
points of the flanges. The boundary line of the web runs through the middle of the rigid plate.
It is automatically integrated in the rigid surface (i.e. it is part of this surface).

Creating rectangular surface of type Rigid
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9

3.1.5 Supports

Line support

To support the fastener holes, we apply four line supports. We select all circles by using the
[Select Special] button. The Special Selection dialog box opens where we set Circle from the

With line type drop-down list as shown in the figure.

Special Selection [
Category Lines
© &l
Surfaces 1 with number:
Openings L ) - =k
CrossSections @ ‘With line type: | Circle ] 3
— )
Members 1 With comment; Al '] 3 ]
) On nodes:
) Parallel to line: ]
7 With length:  from: 0.05 to: 005 | [rmn]
) With betar from: 0.005x ta: 000+ 1]
1 with help node:
. [mm] ' [mm] Z [mm]
) Inrange: fram: 005 005 005
b = = 0.05
) On surface:
Status
@ Add ~) On apening:
= Select from Load .
= curent selection 0ad case:
T O with ine load: (4 -
= curent selection
(0] 3 ] [ Cancel ]

Dialog box Special Selection

After [OK], all circles are selected (the boundary lines of the fastener openings).

Next we click [New Line Support] to open a dialog box in which we define the parameters of
the support. From the Type of Support drop-down list, we select the Hinged type of support.

rNew Line Support [_Jw

Line No.

58

Type of Support

Fees| | OO0 | Hinged e £ : r‘ ¥

z
T lq_: I
- BEO

[ oK ] [ Cancel ]

Dialog box New Line Support

After [OK], the supports are assigned to the selected lines around the holes.
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Surface support

To assign a surface support with failure under tension, we double-click the bottom plate.
The Edit Surface dialog box opens. We go to the Support / Eccentricity tab and select the
Available check box.

Edit Surface [

General | Support / Eccentiicity | FE Mesh | Releases | Intearsted | xes [ Gid |

Surface No. Surface Support T
12 il

Support
Available

Support type:

ool -
Eccentricity Surface Eccentricity

o

Dialog box Edit Surface

The New Surface Support dialog box is opened. We define the translational spring C.; with the
constant 150000 000 [kN/m?]. Additionally, we consider the failure under tension. Tension
forces are directed opposite to the z-axis of the surface so that the contact forces are negative.
We select the Nonlinearity option Failure if negative contact stress in z.

MNew Surface Support @

Support Mo. On Surfaces No.
1 1

Calculation of Spring Constants

[ Automatically with add-on module RF-SOILIN
(soil-structure interaction analysis)

Support Conditions
Support Spring constart

[ ux Cusx: 0.000 - #| [kM/me#]

] uy Cuy: 0.000 5 |»| [kN/m3] Morlinear

[ uz Cuz 1.5000E+08 2] [kM ] | |[Fa\|ure if negative contact stress in z ']l =]
Shear

Bl ve Cux: 0.000/2 )] gh/m]
7] vyz Cuyz: 0.000 5 [»]| kN/m]

(4) (&](&) (&) [« (X]
Comment
- =]
7

L

Dialog box New Surface Support
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3.2 Load Data
3.2.1 LC1:Self-Weight

To specify a load case, we click [New Load Case]. The Edit Load Cases and Combinations dia-
log opens showing the Load Cases tab.

Edit Load Cases and Combinations lﬂhj

Load Cases | Load Combinations | Result Combinations |

Existing Load Cases LC No Load Case Description To Solve

w -
General | Calculation Parameters

Action Type
[mmFemanen: -

Self-Weight

[¥] Active
Factor in direction:
X: 0.000 H
Y 0.000 5 1
7 1000 1

Dialog box Edit Load Cases and Combinations

We assign the self-weight and all permanently acting loads to the first load case. As Load Case
Description, we select Self-weight from the drop-down list. Furthermore, we set the Action
Type Permanent.

The Self-Weight is activated by default. It is considered with the factor 1.0 in direction of the
Z-axis. We confirm the input by [OK]. Then we enter the other permanently acting loads.

To specify a new nodal load, we click [New Nodal Load]. The following dialog box opens.

For our example, we want to apply a nodal load to the center point of the upper rigid plate.
The nodal load has the components 20 kN in the direction of the X-axis and -200 kN in the
direction of the Z-axis.

MNew Modal Load &J
No. On Nodes No. Farces
1
X
Y
Nodal Load
p
Force: Py 200000F+| [kN] z -
Py: 0.00015» | [kN] l Py
S Px
Pz | -200.0000% kM
- o kmg =N M /
: z 0.0001%
Mament: I | [kMm] TS
My: 0.0000% x| [kN
it [kMrm] X
Mz 0,000} [N Y
Z Mz
l e "
Comment Mx
- TTh o,
Right-Handed
[ (] 3 ] [ Cancel ]

" 4

Dialog box New Nodal Load

After [OK], the symbol of the mouse pointer changes. We click the center point of the rigid end
plate. Then the nodal load is displayed as shown in the following figure. To quit the New Nodal
Load function, we right-click anywhere in the work window. Alternatively, you can press [Esc].

'3 Steel Model 4&
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Model with permanent nodal load in the center point of the rigid end plate
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3.2.2

LC 2: Imposed Load

VANSS
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We define the second load case in the same way. First, we reopen the Edit Load Cases and
Combinations dialog box on the Load Cases tab and the General subtab.

That load case contains a variable load. Therefore, we select Imposed as Action Category.
The self-weight is not taken into account.

Edit Load Cases and Combinations

[

Load Cases | Load Cambinations | Result Combinations |

Existing Load Cases

| & _Jiw] Seff-weight
Qi LC2 Imposed load

LC No
2

Load Case Description

To Solve

Imposed load

General | Calculation Parameters

-

Action Category
M Imposed

Self-Weight
[] Active

Dialog box Edit Load Cases and Combinations

Having confirmed the input, we open the New Nodal Load dialog box as we did for LC1.

This time, we enter the nodal load in X-direction with the value 40 kN.

Without

-

(S

New Nodal Load

No.

1

Nodal Load

Force: P
Py:
Pz:

Moment: M
Moy
Mz:

Comment

On Nodes No.

40,0005
0.000%
0.000%

0.000%
0.000%
0.000%

b

[kM]
[kM]
[kM]

[kMm]
[kMm]
[kMm]

Farces

Moments

T

Mx"‘“‘--»

M Right-Handed

il

Mz

My

to

[

Ok

][ Cancel ]

"

Dialog box New Nodal Load

After closing this dialog box by clicking [OK], we click the center point of the rigid frontal plate
by using the nodal load symbol.

When the nodal load appears, we right-click anywhere in the work window to quit this function.
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3.3  Superimposing the Loads

We superimpose the loads defined in chapter 3.2 in load combinations since they consider the
influences of the second order analysis correctly. In load combinations, the loads are superim-

posed. In result combinations, however, the internal forces are superimposed, which is not al-

lowed for nonlinear calculations.

ELR
Z¥| Load Cases and Combinations... To define load combinations, we select New Load Combination on the menu of the button
#y | New Load Case... [Edit Load Cases and Combinations]. The Edit Load Cases and Combinations dialog box
ZF New Load Combination... opens showing the Load Combinations.
2} Mew Result Combination...
Edit Load Cases and Combinations lﬂhj
Load Cases | Load Combinations | Result Combinations |
Existing Load Combinations CO No. Load Combination Description To Solve
CEMECEECE | Sl -
Existing Load Cases Load Cases in Load Combination CO1
I L Seff-weight 135 [EEELCY Sef-weight
Lc2 Imposed load 150 Lc2 Imposed load
ue - I
€ . b Comment
AL - X -

Dialog box Edit Load Cases and Combinations

The Existing Load Cases section lists all defined load cases. This table also shows the action
type next to the respective LC. Depending on the action type and the selected standard, a par-
tial safety factor is automatically chosen with which the load case is multiplied when it is add-
ed to the load combination. We can also define an individual partial safety factor.

To add a load case to the load combination, we double-click a load case. You can also select a
load case and then click [Add Selected Load Cases].

Now we add the load case LC1 with the partial safety factor 1.35 for permanent loads and LC2
with the partial safety factor 1.50 for traffic loads to CO1. Then we click [OK].
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Calculate

83| Calculate All

ﬂé Calculate RFEM Results Only
ﬂé Calculate Modules Results Only
M To Calculate...

ﬁﬂ Calculate All Results of All Open Models
ﬁ Calculate RFEM Results Only of All Open Models
ﬁ Calculate Modules Results Only of All Open Models

ﬂa Calculation Parameters...,

g FE Mesh Settings... %
& Generate FE Mesh

%

S

34

FE Mesh Settings

Dlubal

We select the FE Mesh Settings on the Calculate menu. The FE Mesh Settings dialog box opens.

We change the Target length of finite elements to 20 mm and then confirm by clicking [OK].

FE Mesh Settings

==

General
Target length of finite e
elements IFE: 2005 x| [mm]

Mawimum distance between a
node and a line to integrate it into
the line &

-

5001

Mawimumn rumber of mesh nodes
[in thouzands) max:

Members

Mumber of divizgions for special types of

members

[zable, elastic foundation, taper,

honlinesarity): 105

Activate divisions for straight members, which are not integrated
in surfaces, with concrete material category group [necessary
for nonlinear calculation]

Minimum rumber of member
divisions: 10

Activate member divisions for large deformation or
post-critical analysis

[] Use division for straight members, which are nat
integrated in surfaces, with

(@ Target length IFE of finite elements

Set Jength IFe = [mm]

tinimum number of member ~
divisions: 1=

Usge division far members with nodes lving on them

Surfaces

Maxirnurn ratio of FE -
rectangle diagonals Ap: 1.80005 x| []
b awirnum ot-of-plane
inclination of kwo finite
elements

a I

FE mesh refinement along lines
[with bype Plate =" only]

Relstionship At l:l []

[ Interate unutiized objects inta sufaces

Shape of finite () Quadrangles only

elements:

! Triangles only

iahgles and quadrangles
Same squares where
possible

[ Mapped mesh prefered

Solids
[ Refinement of FE mesh on solids containing close
rodes

Mawirnum rurmber of elements
i thougands|: 200

1
o

~|FE

Option
[T Regenerate FE mesh an [OK]

[ &) ) () @&

Dialog box FE Mesh Settings

To reduce computing time, the mesh should not be too refined. On the other hand, certain ar-
eas of the model should be represented as fine as adequate. To this end, we use the so-called

FE mesh refinement.

3.4.1

Node Refinement

The areas around the fastener openings should be treated specially. They can best be refined

by using node refinements.

We select the four center points of the openings by clicking them one by one while holding
the [Ctrl] key. Then we right-click one of the selected nodes to open the node context menu.

Edit Node...
Delete Mode

2% | Move/Copy...
l;') Rotate..,
d:h Mirror...

FE Mesh Refinement

Node Marks in Foreground
k Display Properties...
la Visibility by Selected Objects
B Visibility by Hiding Selected Objects

Node context menu
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We select the option FE Mesh Refinement — New. The Edit FE Mesh Refinement dialog box
opens.

Edit FE Mesh Refinement [

On MNo.

=

5101418 a
FE-Mesh Refinement
[ 3l

| Create Mew FE Mesh Refinement...

l L. J l LaRAcEr ] |

L 4

Dialog box Edit FE Mesh Refinement

We click [Create New FE Mesh Refinement] to define the parameters of the refinement.

We keep the option Node - circular in the FE Mesh Refinement Applied to section. We enter
100 mm for the Radius of the mesh refinement. Under Target FE length, the Inner input field
refers to the FE length of the elements at the center of the mesh refinement. We enter 4.0 mm
for this value. This length increases until it reaches the Outer periphery of the radius. In this in-
put field, you usually enter the length of the global FE mesh (here 20.0 mm).

New FE-Mesh Refinement [&J
No. Node No.
1 5101418

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

Line - FE-length

Line - divizion

Line - gradually

Surface

Salid

Parameters

I amm 12
R adius: 100.0 5| [mm]

Target FE length

- Inner: 405 [mm]
- Outer: 20,06 ¢ [mm]
Comment
-
=4 aK ] [ Cancel

L 4

Dialog box New FE Mesh Refinement

When we confirm the dialog boxes by clicking [OK], the refinements areas of the FE mesh are
shown around the selected nodes (see figure below).
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Node refinement areas for FE mesh

3.4.2 Line Refinement

We also refine the weld seam between the web and the base plate by a line mesh refinement.

By right-clicking the line of the weld seam, we open the line context menu. Again, we select
the option FE Mesh Refinement — New.

/| Edit Line...
/x Delete Line

j}; Explode Polyline
Divide Line
Create Mode 'On Line’
| FE Mesh Refinement

" | Extend Line...
My | set Parallel Line..,
'3 Extrude Line into Surface...

% Reverse Line Orientation

Line context menu
The definition of the line refinement is similar to the one of a node refinement. There are dif-
ferent options available in the New FE-Mesh Refinement dialog box, however.

We keep the Line - FE-length option under FE-Mesh Refinement Applied to dialog box. In
the Target FE length input field, we enter the value 1.0 mm (see figure below).

.3 Steel Model 4&
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' ™
New FE-Mesh Refinement u
No. Line No.
E
2 14 3

FE-Mesh Refinement Applied to
Mode - circular
Mode - rectangular

Line - FE-length

() Line - division

() Line - gradually
Surface

Salid

Parameters

Target FE length: 1 DE"H [rm]

Comment

. ‘
EI l 0K I [ Cancel ]

LS J

Dialog box New FE Mesh Refinement

After [OK], the line mesh refinement is displayed in the work window.

Line mesh refinement of the FE mesh

Mesh refinements of Surfaces and Solids can be generated in a similar way.
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3.5 Plausibility Check

The input of the model data is complete now. Before we start the calculation, however, we
should perform some checks.

The Plausibility Check is useful to check whether the model has been entered correctly or not.

This check is automatically performed before the calculation. You can also start it manually by
clicking [Plausibility Check].

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

) Mone, only statistic
Which Load Cases

@ Current load caze Option
Al Generate FE mesh
Detect callizions of solids

@J [ (0] 3 ] I Cancel

. 4

Dialog box Plausibility Check

Before the check starts, it is possible to specify some settings. In the Check section, we can
choose if we want to check the model data and/or the load data.

If we select the Generate FE mesh check box, the FE mesh is generated during the check.

We start the check by clicking [OK]. If the model contains no errors, the following dialog box
appears after the check. After [OK], we can view the model with the generated FE mesh.

Plausibility Check [
All data has been checked.
Mo errars found.
Infa Model D1ata | Load Data
Structure Dimensions Structure Weight
Ay 0.500 [m] Surfaces: 15637 [ka]
Ay 0.500 [m] Solids: 0.00 [ka]
Az 1.000 [m] Members: 0.00 [ka]
Total: 15637 [ka]
@ 0K

L 4

Result of plausibility check

This function checks the model only with regard to modeling, that is, it checks whether or not
there are input errors for certain objects. The plausibility check cannot evaluate whether the
entered model corresponds to the model in your mind or on paper. This can only be done by
the user. However, RFEM offers us various tools that facilitate this kind of checking.

'3 Steel Model 4&
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For example, we can use the [Display Model] button to switch between the wireframe and
the solid display model including the rendered member cross-sections. This allows us to detect
parts of the model that are not correct.

There are different options to display surfaces. These options are available in the Display navi-
gator. For example, we can display the surfaces including their thicknesses.

Additionally, there is the possibility to display the thicknesses with or without the actual thick-
nesses. The colors are displayed depending on the thicknesses in the control panel.

Project Mavigator - Display x
- TN 2
- [¥]5¢ Nodes
-5 Lines
E-[¥]& Surfaces
Dg Surface Axis Systems xy,z
& Orthotropic Directions
[ Grid for Mumerical Results
Dg Color Scale of Thicknesses in Panel
¢ Split Surfaces
- [¥]5 Solids
----- [¥]& Solid Orthotropies
----- [#]& Openings
[-[¥]5 Nodal Supports
-[¥]& Line Supports
----- [#]&/ Surface Supports
- [¥]5 Members
[-[¥]5 Sets of Members
----- [#]& FE Mesh Refinements
H-[#]d Loads
]DE Results
o-[/]EH FE Mesh
- [B]#= Sections
H-[w] @& Average Regions
- [B] 5 Guide Objects
]Da General
-] Murmbering
H-[H] 8 Colors in Rendering According to
= [B]Jp Rendering
.- [ Model
O Wireframe Model
@ Solid Model
----- I Transparent
----- [ Textures
- [B] @ Members
=B Surfaces

[(&wFied]

----- O\ Filled incl. thickness with edges
- [E] W Solids

- [E ' Supports

- (B Loads

[-[B] ' Lighting

(- [E] 5 Preselection

[-[5] B Add-on Modules

ﬁData @Display A views

Ot O O o O e O e O O e O O

Display navigator
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3.6

Calculation parameters

Calculation

The calculation can be controlled in the Calculation Parameters dialog box. To open this dia-
log box, we click [Calculation Parameters]. In this dialog box, we select the Load Cases tab.

The section on the left lists all defined load cases. We can select one or several load cases and
modify the options for the selection. For example, we can choose according to which method
of analysis the calculation is to be performed. By default, load cases are calculated according to

the Geometrically linear static analysis.

Calculation Parameters

[

Load Cases | Load Combintions | Result Combinations | Global Calculation Parameters

Existing Load Cases

| 0i Jier] Imposed load

LC No Load Case Description

1 Seff-weight

Calculation Parameters

To Solve

-

Method of Analysis

® Geometrically inear static analysis
() Second-order analysis (P-Detta)
(7 Large deformation analysis

(7) Posteritical analysis

Method for Solving System of
Monlinear algebraic equations:
(@ Mewton-Raphson
Newton-Raphson combined with Picard
Picard
Newton-Raphson with constant stiffness matric
Medified Newton-Raphson

Dynamic relaxation

Dialog box Calculation Parameters, tab Load Cases

Options
[7] Modify loading by factor:

Divide results by loading factor

Activate stiffness factors of

[C] materizls (partial factor 7u)

[T Cross-sections factorfor J, Iy, Iz, A, Ay, Az

[C] Members factor for GJ, Ely, Elz, EA, GAy, GAZ)

Activate special settings in tab:
[ Modify stiffness
[[] Bxtr= options

Consider favorable effects due to tension of members

The tab Load Combinations has a similar structure. Instead of load cases, the section on the
left lists all defined load combinations.

Load combinations are calculated according to the second-order analysis by default. However,
we can select any of the four methods of analysis for load cases and load combinations. By se-
lecting a nonlinear method of calculation, three further options become available (this also
applies to the Load Cases tab). We can consider favorable effects due to tension of members.
Moreover, we can freely define a loading factor and also divide the results by this factor.

Calculation Parameters

[

Load Cases | Load Combinations | Resul: Combinations | Global Calculation Parameters

Existing Load Combinations

B o1 [135°0C1+15°0C2

CO No. Load Combination Description

1 -

Calculation Parameters

To Solve

-

Method of Analysis

() Geometrically inear static analysis
(@ Second-order analysis (P-Detta)
() Large deformation analysis

©) Posteritical analysis

Method for Solving Systsm of
Monlinear algebraic equations
Newton-Raphson
Newton-Raphson combined with Picard
(@ Picard
Newton-Raphson with constant stiffness matrix
Modified Newton-Raphson

Dynamic relaxation

Dialog box Calculation Parameters, tab Load Combinations

Options
[7] Modify loading by factor:

Divide results by loading factor

Activate stiffness factors of

Materials fpartial factor u)

[¥] Cross-ssctions factorfor J, Iy, Iz, A, Ay, Az)
Members factor for GJ. Ely. El2. EA. GAy. GAZ)
Activate special settings in tab:

[] Modify stffness

[] Extra options

Consider favorable effects due to tension of members

Refer intemal forces to deformed
structure for:

Nomal forces N
Shearforces ¥y and Vz
[¥] Momertts My, Mzand M1

] Apply separate number of load increments
for this load combination:
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Since we have not defined any result combinations, we go to the tab Global Calculation Pa-

rameters. This tab offers many possibilities to influence the calculation. In the Nonlineatrities
section, it is possible to clear the consideration of any defined nonlinearities. This may be use-
ful if the calculation is stopped or does not converge.

In the Options section, we can select the method for the system of equations, the plate bend-
ing theory or the solver version. Some settings should be changed only by advanced users:
maximum number of iterations, the number of load increments, the precision of convergence
criteria, etc. These settings influence the duration and the convergence behavior.

Calculation Parameters [

Load Cases | Load Combinations | Resul: Combinations | Global Calcuiation Parameters

Seftings Options Precizsion and Tolerance

Maximum number of terations: 1001 Activate shear stiffness of members [] Change standard settings
{oross-sectional areas Ay, Az)

Mumber of load increments for

Activate member divisions for lange deformation or

- Load cases 1 post-critical analysis

4 ([T

- Load combinations: 1
Activate entered stiffness modffications

Number of divisions of members for members, materials and cross-sections)

[ Ignore rotational degrees of freedom

- Result diagrams 10E:
- Special types of members
{cable, elasiic foundation, taper, . Gt T e
nonlinearity): 108
- Determination of mac/min values: 10/ Method for system of @ Direct Convergence Diagram
squations e
Subdivisions of FE mesh for graphical - (] Show for
et - Plate bendgtheory: @) Mindiin Hode Mo
Percentage of iterations of © Kirchhoff FEnode No.:
MNewton-Raphson method in combination
with Ficard 5[] [%]  Solver version © 32t uX
(@ B4-bit

Nenlinearities Reactivation of Failing Members Piping Calculation - Internal Pressure
Activate: Check deformation of failing members and reactivate [ Use Bourdon effect
Supports and elastic foundations N (@ Translation onty

Members due to member type - Translation and rotation

Member end releases

Exceptional handling
Member nonlinearities
Failing members to be removed individually during @) Simplfied fictitious waming)

Solids of type Contact’ successive iterations

Materials wit i del Physically accurate
JEIERER R BT mece ) Assign reduced stfness to faiing members
Isotropic themal-elastic materal model

1000

Dialog box Calculation Parameters, tab Global Calculation Parameters

We do not change the settings. Then we close the dialog box.
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Calculation

To open the dialog box to select the load cases, load and result combinations that are to be
calculated, we click menu Calculate — To Calculate.

The To Calculate dialog box appears. By double-clicking a load case, we transfer it to the Se-
lected for Calculation list. Alternatively, you can also select an entry, and then click [Add to
Calculationl. It is also possible to add several or all entries.

To Calculate &J

Load Cases / Combinations / Module Cases ‘ Result Tables |

Not Calculated Selected for Calculation

No Description ‘m No Description -
| c_Jiw| Seff-weight Co1 1.35°LC1 + 1.5°LC2
T LC2 Imposed load

-
Al - B

Dialog box To Calculate

We select load combination CO1. To start the calculation, we click [OK].

'3 Steel Model 4&
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Project Navigator - Results x

B T0Y Gl Deformation:
@ u
O ux
~QF uy
~ O uz
O™ ex
~QOF ov
O 9z
© Surfaces
[B] > Local Deformations
=-[H] ¥ Basic Internal Forces

[E]9> Principal Internal Forces
--[B]© Design Internal Forces
- [B] > Stresses
-[B] 9 Strains
E‘O Plastic Strains
-[B] > Crack Strains
-.[B] ® Isotropic surface characteristics
E‘Q Contact Streszes
-1 Criteria
w-O f" Support Reactions
-] Distribution of load
[
e

i-[]=2 Sections
7129 Values on Surfaces

aData gDisplay jViews © Results

Results naviaator

CO1-1.35%LC1 = 1.5%LC2 s

3.7 Results

Dlubal

After the calculation, the graphic of the deformations is shown in the work window.

Global Deformations u [mm]
CO1 0135701 + 15702 60,000
Loadds [kn] -

Max u: 4.2, Minw: 00 mm /

Deformations of load combination CO1

Results Display

Panel x

Global Defarmations
u [mm]

Max ;42
Min : 0.0

If the Results option was not deactivated in the Display navigator, the new tab Results ap-
pears in the navigator. Here you can control the display of all results. The results are sorted by
element type, that is, depending on the elements in your model, the results can be displayed

in members, surfaces or solids.

In the drop-down list in the toolbar, we can select the loading whose results are to be shown.
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h=)

Options

Refer to
@ Max/min
() Custornize. ..

(0 Limits:

[ Smaath calar transition

Dlubal

Panel

If the [Panel] button is switched on, the Control Panel appears. It contains three tabs. The first
tab shows a results scale. The scale refers to the minimum and maximum values of the results.
However, it is possible to edit the spectrum of the scale by using the [Options] button.

Panel x

Global D eformations

u [mm]
42
8
5
31
27
23
13
15
12
0.8
0.4
0.0

Man © 4.2
Min @ 0.0

Ex 4

Panel with [Options] button

We click [Options] to open the Options dialog box offering various settings. For example, it is
possible to display a Smooth color transition. The Max/min option sets the value spectrum
according to the minimum and maximum values of the results. By selecting Limits, we can
manually enter an upper and a lower limit value.

By selecting Customize, we can edit the value and color spectra. We open the Edit Isoband
Value and Color Spectra dialog box by clicking the [Edit] button. This dialog box allows us to
modify the settings of the spectra. The modified values and colors can be saved and imported
in other models.

Edit Isoband Value and Color Spectra [&J
. Value Spectrum
425
3815
350
3!
Fill b4 ax/Min
2.7
2.3
1.9 K
1.5
Color Spectrum
2
S E
0415
G [ Apply ta all result
gl - 1 diagrams
[T E-Format
Double-click on the color panel
to change colors.
K
=4 [ aK ] [ Cancel

" 4

Dialog box Edit Isoband Value and Color Spectra
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The second tab of the panel offers us the option to change some factors in order to increase
the display of the results. Depending on the displayed results, we can edit different factors.

Panel x
Dizplay Factors

Deformation:
12005

Member diagrams:

Surface diagrams:
Section diagrams:
Reaction forces:

Trajectories:

BEx 4

Panel tab Factors

The third tab of the panel offers us the possibility to display the results of individual parts of
the model. For a better visualization, we can select specific members or surfaces whose results

we want to see.
@3 In the following figure, we have selected the base plate for the results display: It is surface 1 in
the list. We can either type the number in the input field or select it graphically and then click

[Import from Selection].

Globsl Deformations w [mm]
CO1: 135G + 1 54002
Loads [iM]

Panel X

Show diagrams for surface
numbers:

()]

() Members
@ Surfaces

Mlax u: 0.2, Min w 0.0 mm

Results of base plate only
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Displaying deformations

To display the deformations, we select the Global Deformations check box in the Results nav-
igator. In the submenu, we can choose the type and direction of the deformation.

[#] ™1 Global Deformations

Setting deformations in Results navigator

Displaying results in sections

To display the results along a section, we select Create Section Numerically on the menu of
the [Define Section and Result Diagrams] button.

|2

ﬂ\ Create Section Through Surface Graphically, Result Diagrams...

7 Create Section Mumerically...

X | Delete Al Sections

List button for sections and result diagrams

In the New Section dialog box, we select two center points of the base plate sides as Edge Points.

Mew Section &J
No. Section Name
1 Ay
Section Through Section Type
@) Surface @) ia Flane
) Sald () On line Mo.:

Edge Points of Section

A 0.0 [mm] e 500.01% | [mm] ,:‘
Y 250.0/| [mm] e 250015 ]| [mm]

Za: 00| ] Zp: 002 ]
Section on Surface - Projection Direction

=) % () Vector  ax: 7| [rnm] o
By ay: = #| [m]

@z az: | [mm]

Show Result Diagram in Options

Plane: Localin +2 - Gave section

[] Shaw values on isolines

On surfaces No.
=
1 3

[] Show result diagrams in dislog box

Dialog box New Section

We confirm the input by clicking [OK].
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&-[E Sections If the view of the sections is set in the Display navigator, the sections are shown in the model.

[¥]#Z Descriptions The Display navigator contains some more options to control the results display of a section.
[¥]#= Draw in Foreground

== Result Diagrams Filled
[¥]== Hatching
[z AllValues

L PR -

Section in base plate
There is also the possibility to display the results in a diagram. We right-click the section. On
the context menu, we select Result Diagrams.

The Result Diagram in Section dialog box opens. Here we can review several types of results
at the same time. On the right side, the selected results are listed numerically.

<9 Result Diagram in Section ==
: et | <> % B OEED S s o ow i o | A ]S | conissia-isic - 9 >
e 00 ™o w0 m0  p0  200 w0 @0 4w 40 Womm [ .o |
or L OO RO BN VO W e OO W | O O OB DO OO WO B U O WO o WO | 1983E] [om] [l Fed
[E]Global Deformatic ~ s El st
% u Global Deformations - u [mm] Global Deformations u
ux x u
Our frm] Imm]
Ouz - 00 01 ~
Oox L - 01 [
Oor 00 01
-Oez 200 01
[H] Local Deformatior 100 01
5] Besic Internal Forc, 100 01
'”“ 60.0 0l -
m
o miy Max/Min Orty (] Edges Grly.
Ovx
[m] vy Basic Internal Forces - mx [kNm/m] e
Onx X Mx
Ony 58 ] [kNm/m]
Dy 58 =3 - 007 ~
[&] Principal Internal F _ y 4353 kHm/m - 00 007 [
[E] Design Internal Fo g } 2 200 0.09
[ Stresses . 200 009
DpE——— 2 A M 8 400 102
[® sequrresca ~ s o 400 1.02
(5] oequRrankine g% 60.0 43 -
[H] sequacn Max/Min Ory Edges Cnly
[E] Contact Stresses e
[E] Strains
Rl o
|Results S
T 1
| Location x: 196 XXZ 00,250, [ EndXY.Z: 5000, 250 | vedtorxyz: 00,00,10000mm

Window Result Diagram in Section
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| m Isolines |} I
Ea" Differences

@/ Solid Isobands
£ | Solid FE Nodes

[, orf

E‘ Result Values Automatically

’:;':' Set Result Values Manually

&; Annotate Isolines Manually

||:| Isoline Values on Surfaces |} I

Isoline Values on Sections
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Displaying support reaction diagrams

We tick the Support Reactions check box in the Results navigator. In the Line Supports sub-
menu, we can then select specific components of the support reactions. We can either show
the support reactions in relation to the Global or the Local coordinate system of the supports.

Project Navigator - Results % | Support Reactions [knim]

-1 Global Deformations COT:13SLCT 41 5102
Loacts [kN]

-1 Surfaces

17 Criteria

=1-[w] #% Support Reactions

: [¥] 4" Line Supports

0 4% Local

® 4" Global

BET1A0

= f' Resultant

@f Compenents
-]V Distribution of lead
[j--l:‘rlﬁ Sections

-1 Values on Surfaces -

1414

20149 B02EE

Line support forces p in global direction Z

Displaying results on isolines

Sometimes it is useful to display the results as isolines. We select Isolines on the menu of the
[Isoband] button.

Panel X

Global Deformations
u [rnrm]

Isolines of deformations

To switch the result values of the isolines on and off, we can use the Isoline Values on Surfaces
option on the menu of the [Surface Result Values] button.

RFEM Training Manual © 2016 Dlubal Software GmbH 1 55



'3 Steel Model 4&

Dlubal
Numerical results output

We can include numerical values in the graphical results by activating the Values on Surfaces
check box. Below this check box, there are various options for the display of those values, e.g.
on automatically detectable extreme locations as well as in manually definable points.

Project Navigator - Results

X | Global Deformations u [mim]

[#-[¥] T Global Deformaticns CO1:1350C1 +1.5°0C2
DD Surfaces
SE::D‘ Criteria Panel 2
=[] 4" Support Reactions .

I Global Deformat

1V Distribution of load [U a] eformations
u [

E‘ﬁ Sections

=T e onsurace:
=-[1] 2 Values

I S ) 155 T

-3 Groups
-2 Specific
£-[B] 2 Settings

& [¥]53 Extreme Values

(033 Of Total Model

@533 Of All Surfaces

033 of Al Solids

(53 Of All Local Extreral Values
[ 23 Minirmum

[#] 25 Maximum Man : 4.2
#1353 Show only extremes | Min
53 On grid and user-defined points
i..[¥] 33 On Surface Grids

i [¥]22 On Set Points Manually
(033 On FE mesh points

-1 Symbols

]2 Numbering

[]12 Transparent

Deformations showing extreme values
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3.8 RF-STEEL Surfaces

The add-on module RF-STEEL Surfaces analyzes the stresses of surface elements according to
the elastic-elastic method. It includes a library with the limit stresses of common steel grades,
e.g. according to EN 10025 (for the calculation according to EC3) or DIN 18800. It is also possi-
ble to add user-defined materials.

We start this add-on module by selecting the Add-on Modules folder in the Data navigator
where we double-click RF-STEEL Surfaces.

3.8.1 Input Data

In the module window 1.1, we set the surfaces that are to be designed. To select all surfaces of
the model, we use the All check box.

We also have to select at least one loading for the stress analysis. For our example, we select
the load combination CO1.

RF-STEEL Surfaces - [Steel design example 1a] )
File Edit Settings Help
A1 - General stress analysis of = | 1.1 General Data
Inpul Data T
i General Data
. Mateials Sufaces Mo
“ Surfaces 17 N[ % [EE
Ukimate Limt State | Serviceabilty Limit State
Existing Load Cases Selected for Design
MM LC1 | Sefweight COT  [1.35°LCT + 15°C2 J
W LC2 | Imposed load m
» h
]
e
I.Il- £
2 & 3
1]
Stress Analysis
of Surfaces
AR ~ &) [%=) B
@) (& [F] e Details e e

RF-STEEL Surfaces window 1.1 General Data

On the left side of the module window, we see a navigator showing all available windows. We
can directly open a module window there by clicking the corresponding entry. It is also possi-
ble to use the [Previous/Next Window] buttons.

'3 Steel Model 4&
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In window 1.2 Materials, all materials used in RFEM are listed. The limit stresses depend on the
thickness of the structural components and are adjusted automatically. If we activate the
Manually check box in column D, we can edit the limit stresses for the stress analysis. Invalid
materials are shown in red. If we click a material, all material parameters are shown below.

RF-STEEL Surfaces - [Steel design example 1a] [
File Edit Settings Help

CA1 - General stress analpsis of w | 1.2 Materials

Input Data B [ C | o [ e | ¢ | & | H
i General Data WMaterial Material Safety Factor | Yield Strength Limit Stresses [cN/cm?2]
i Mateials No. Description M fyk leN/om?] | Manually | Limit ox | Limit v | Limit eqy |Limit 5eqv.m
i Surfaces 2| Concrete C30/37
I Steel 5 235 ha 1.00 25 0O 2350 1357| 2350|2350

Waterial Properties

[ Main Properties -
Modulus of Blasticity E 21000.00 | kN/em?2
Shear Modulus G 8076.92 | kN/em2
Poisson’s Ratio v 0.300
Spechic Weight [ 78.50 | kKN/m®
Coefficiert of Themnal Expansion a 1.2000E-05 | 1/°C
5 MZ:E:L\S ::gg;zzm L 100 Material Ho. 3 used in
Coefficient for Limiting Stresses of Welds dw 0850 Surfaces No.
Comelation Factor for Fillet Welds Bw 0.800 L NEE3
B Thickness Range t < 16.0mm £
Uttimate: Strength fu 36.00 | kN/em2 .
Yield Strength fy 3350 kN/em?Z T Area = Weight
] Thickness Range t > 16.0mm and t < 40.0mm 087 [m2] 021
Utimate: Strength fu 36.00 | kN/ecm?2
Yicld Strength fy 22.50 | kN/em?
B Thickness Range t > 40.0mm andt < 100.0mm
Ultimate Strength fu 36.00 | kN/om?2
Yield Strength fy 21.50 | kN/em2
B Thickness Range t > 100.0mm and t < 150.0mm
Ultimate Strength fu 35.00 | kN/om?2
Yield Strength fy 19.50 | kN/em2
B Thickness Range t > 150.0mm and t < 200.0 mm
Utimate Strength fu 34.00 | kN/em?
Yield Strength fy 1850 | kN/em2 -

G5

Window 1.2 Materials

Window 1.3 Surfaces lists all surfaces with their thicknesses. The thicknesses can be modified,
which influences the stresses. The changes are not transferred to RFEM automatically. There-
fore, any modifications should be exported to RFEM for a new calculation of the results.

RF-STEEL Surfaces - [Steel design example 1a] &J
File Edit Scttings Help

CA1 - General stress analpsis of ~ | 1.3 Surfaces

Input Data

[ A | ] [ ¢ [ b [T e [ F [ & | H
i General Data Surface | Material Thickness Opti- Area Weight
i Materials Ne Ho Type d fmm) mize Remark | A[m2] GH Commert
Surfaces Constart 50 O 0.25 0.10
Constart 150 0O 010 [I]]
Constant 150 0O 0.10 []]
Constart 10 0O 0.10 00
Constart 150 0O 010 [I]]
Constant 0] 0O 0.19 []]
Orthetrapic - Rigid 1800] O 1) 004 005

e
FE

Surface Mo.1 - Type: Constant - Thickness d: 50.0 mm

Window 1.3 Surfaces
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3.8.2 Results

After the [Calculation], the window 2.7 Stresses by Load Case is shown. It presents the maxi-
mum design ratios of the stress types that have been set in the Details dialog box.

-
RF-STEEL Surfaces - [Steel design example] =)
File Edit Settings Help
CA1 - General stress analysis of = | 2.1 Stresses by Load Case
ociDats B [ C [ Db [ E [ 6 [ A [ 1 | I
i General Data Load- | Surface |FE Mesh Point Coordinates [mm] Stress [kN/cmZ] Stress
- Materials g | Ne. [PaintNo.| X Y | Z | Smbol | Exsing | Lmt | Ratiol
. Sutaces o1
_ ﬁ i 380 129 1153 00 ] tmax 1386 1241 112
La%e 5 34 1575 350.0 00 g1+ 6428 2350 274
1 589 1575] 2941 0002 1824 2150 085
| Shiesses by Surtace 5 % 1575 3500 0001 4763 2350 203
iggsieesasibalin 2 2 425 1500 00|52 2767 2350 118
el 5 34 1575 3500 00 o1m 5595 2350 238
3 El 25| 3500 00 52m 2368 2350 101
5 £ 1575 350.0 00| Gaqv Max 5863 2350 245
5 £ 1575|3500 00 seqem 5057 2350 215
© FE mesh points © Giid paints Ma 2 [>1 @ El=E &)

Window 2.7 Stresses by Load Case

The windows 2.2 to 2.4 show the maximum stresses and ratios by material, surface or line.

We click [Graphics] to return to the work window where we can see the results graphically.

Project Navigator - Results * | RF-STEEL Surfaces CA1 - General stress analysis of-steel surfaces
=[]y Byload Case gg;ss Ratio Sigma-gav [-]
@4 col "
[E] %> Stresses
- [E] 9 Stress Ratio
-~ O ox+
O® oy
O oxyr
O ox-
O oy A
O 0wy
O oxm Fanel =
O oym Stress Ratio
O oxym Ratio gequ nax []
O axs 249
O oyp 1.00
-0 e 1 030
O 1z / D80
-~ O tmax s
O o1 g g
O 2+ o
O o 030
~O® a2 020
O oum 010
O ozm 000
©o
- O Gequm Max = 243
O ceqv+ Min - 0,00
(O Oequ-
O e
~[]2] Values on Surfaces
o
/ &
(oata oty Aviews D Resuits Max Ratio Sigma-egy: 248, Min Ratin Sigma-sqy: 000 -

Graphical results in RFEM work window

In the Results navigator, we can set the type of stress and the corresponding ratios.
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3.9 Printout Report

We click [Current Printout Report] in the toolbar to open the printout report where we can
prepare the results that are to be printed.

The New Printout Report dialog box opens.

r ~
New Printout Report ld:h
No. Description
1| Input data and reduced results @
Printout Report Template
I1 - Input data and reduced results vI E =

Dialog box New Printout Report

We confirm this dialog box with [OK], thus opening the printout report.

& Printout report - PRL: Input data and reduced resuts” =6 e

e Eat Settings et elp
DReBKE < " BPSe-NMR BEOD Lad

Y

Structure Building Company, Inc. Page n
2530 Meridian Parkway Suite 300 Durham, NC 27713 Sheet -

MODEL

Project Training Examples. Mode!: Steel design example 12
Firststeps in RFEM Column base:

Date: 08032013

CONTENTS
I

7
2

Printout report

On the left side of the printout report, we see the navigator showing all selected chapters. The
main window shows the preview of the printout. To go to a particular chapter of the report, we
click the corresponding entry in the navigator. We can open the context menu of a chapter by
right-clicking that entry. In the context menu, we can remove a chapter or start it on a new
page. By using the drag-and-drop function, we can move a chapter to a different location.

When we open the printout report, the [Grab Mode] is preset. The mouse pointer becomes a
hand when it is placed within the printout report, allowing us to grab it and go to the desired
part of the report.

To select and edit chapters, we can click [Select Mode]. This mode allows us to select some
chapter or part in the work window and then to delete or edit it (after double-clicking it).

To zoom the display of the dialog box, we use the [Zoom in] or the [Zoom out] button.

Since FE analyses lead to very big data, the printout report also becomes quite large. There-
fore, it is recommended to select the data before printing. We use the [Select Topics for
Printout Report] button for that.
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The Printout Report Selection dialog box opens.

Printout Report Selection - PR1 &J

P_éin_gr:;‘r_?.frﬂndu\es Global Selection | Model Data | Load Cases and Combinations | Loads | LCACO Results
AFSTEEL Sufaces Lzt
RFEM Data
[¥] Model Data Model Base Data
Load Cases and Combinations General
Loads [T History

Riesults - Load Cases / Load Combinations

Fiesults - Result Combinations
FE -esh Gettings

General
Members
Surfaces

Display

[] Caver sheet... =
Contents

Infa pictures

Dialog box Printout Report Selection

The Program / Modules section on the left shows all modules containing data. Each module
has a Global Selection tab. All other tabs are controlled by the settings in this tab. If the Model
Data check box in the Global Selection tab is activated, we can select in the Model Data tab
which structural data we want to include in the printout report.

To change the header, we click [Header Setup]. The Printout Report Header dialog box opens.

Printout Report Header S
Header Default Date
[2 - Durham V] Dizplay date
@ Last modification 08032013
Dizplay R
Header () Today: 08032013
Infa row below header ) User-defined:
foote Page and Sheet Numbering
Black circles in header and footer First number
Page: 1
Sheet: 1
Company Address Alignment
Structure Building Company. Inc. © @ O
2530 Meridian Parkway Suite 300 Durham, MC 27713 o ® 8
ol NG

Dizplay company logo [.bmp)

C:4ProgramD atatDlubaltStammD atsKunde.brmp

Change Project Name/Description Change Model Name/Description
[F] | Training Examples [F] | Stesl design example

[ | First steps in RFEM [ |Calurnin base

Dialog box Printout Report Header
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= Graphics can be printed directly from the RFEM work window into the printout report. To do
k=l this, we close the printout report via the [X] button and saving the data. Then we click [Print
Graphic]. The Graphic Printout dialog box opens.

The General tab of this dialog box controls whether the picture is sent to the printer, to the
printout report or to the clipboard.

- ~
Graphic Printout [&J
General | Options | Color Spectrum
Graphic Picture Window To Print Graphic Size
() Directly to a printer... = (@) Cument onfy () As screen view
@ To a printout report: FR1 =~ More.... @ Window filing
() Ta the Clipboard () Mass print... T Toscale 1: 100 =
Graphic Picture Size and Rotation Options
Use whole page width Show results for selected xdocation in result
diagram
@) Use whole page height [ Lock graphic picture {without update)
() Height: 50
Show printout report on [OK]
Rotation: 0 I
Header of Graphic Picture
RF-STEEL Surfaces - Sufaces Ratio Sigma-eqv, CA1, lsometric
ok | [ cancel

" A

Dialog box Graphic Printout, tab General

User-defined template

In RFEM, we can define printout report templates for different purposes. Those templates can
then be used to quickly create a user-defined printout report.

: ) Average Regions
W] Printout Reports

Mew Printout Report...
We right-click the Printout Reports entry in the Data navigator. On the context menu, we

select New Printout Report.

Printout Report Manager

The New Printout Report dialog box appears. We click the [Edit Selection and Create New

] Printout Report Template] button.
f New Printout Report Lér
No. Description
2| AllChapters
Printout Report Template
[3-2 Chapters [E]E
[ (] 8 ] [ Cancel ]

L A

Dialog box New Printout Report

The Printout Report Selection dialog box opens (see figure below). It is similar to the familiar
selection dialog box. On its left side, however, this dialog box shows all the installed modules
rather than just the ones containing data. This allows us to create a generally applicable report
template that is independent of the used add-on modules.
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Printout Report Selection

Program / Modules
e
RF-STEEL Surfaces
RF-STEEL Members
RF-STEELEC3
RF-STEEL AISC
RF-STEEL IS

RF-STEEL 514
RF-STEEL BS
RF-STEEL GE
RF-STEEL CS
RF-ALUMINILIM
RF-KAPPA,

RF-LTE

RF-FE-LTE

RF-EL-PL

RF-C-TO-T
PLATE-BUCKLING
CRANEWAY
RF-CONCRETE Surfaces
RF-CONCRETE Members
RF-CONCRETE Columns
RF-FUNCH

RF-TIMBER Pro
RF-TIMBER AWC
RF-TIMBER

RF-DYNAM

RF-JOINTS
RF-END-PLATE
RF-CONMECT
FRAME-JOINT Pro
RF-DSTY

RF-DOWEL

Display

[] Cover sheet
Contents
Info pictures

m,

Global Selection | Model Data | Load Cases and Combinations | Loads | LC/CO Results | RC Results

Display
RFEM Data
Model Data

Load Cases and Cambinations

Model Base Data
General

Loads History

Results - Load Cases / Load Combinations

Results - Result Combinations

FE-Mesh Settings
General

Surfaces

Dialog box Printout Report Selection, tab Global Selection

In the Global Selection tab, we keep the selection of all data. Then we go to the LC/CO Results
tab. Here we can select all results that we want to be included in the template.

Printout Report Selection

=]

Program / Modules

RF-STEEL Surfaces
RF-STEEL Members
RF-STEELEC3
RF-STEEL AISC
RF-STEEL IS
RF-STEEL S1A
RF-STEEL BS
RF-STEEL GE
RF-STEEL CS
RF-ALUMINIUM
RF-KAPP,

RF-LTE

RF-FE-LTE
RF-ELFL
RF-C-TO-T
PLATE-BUCKLING
CRANEWAY
RF-CONCRETE Surfaces
RF-CONCRETE Members
RF-CONCRETE Columns
RF-FUNCH
RF-TIMBER Fro
RF-TIMBER AWC
RF-TIMBER
RF-DYNAM
RF-JOINTS
RF-END-PLATE
RF-CONMECT
FRAME-JOINT Pro
RF-DSTY
RF-DOWEL

Display

[] Caver sheet...
Contents

Infa pictures

m

Global Selection | Madel Data | Load Cases and Combinations | Loads | LC/C0 Results | RC Results

Load Cases / Load Combinations to Display
@ Al

() Selected

Tables to Display

Display Table All
40 Summary
4.1 Nodes - Support Forces Al
4.2 Nodes - Deformations Al
4.3 Lines - Support Forces Al

4.4 Members - Local Defomations
45 Members - Global Deformations
4.6 Members - Intemal Forces

4.7 Members - Cortact Forces Al
4.8 Members - Coefficients for Buckling Al
49 Member Slendemesses

4.10 Sets of Members - Intemal Forces Al
4.11 Cross-Sections - Intemal Forces Al
4.12 Surfaces - Local Deformations

4.13 Surfaces - Global Deformations Al
4.14 Surfaces - Basic Intemal Forces Al

4.15 Surfaces - Principal Intemal Forces

4.16 Surfaces - Design Intemal Forces Al
4.17 Surfaces - Basic Stresses Al
4.18 Surfaces - Principal Stresses Al
4.19 Surfaces - Other Stresses Al
4.20 Surfaces - Contact Stresses

421 Surfaces - Equivalent Stresses von Mises Al
4.22 Surfaces - Equivalert Stresses Tresca Al
4.23 Surfaces - Equivalent Stresses Rankine

4,24 Surfaces - Equivalent Stresses Bach Al
4.25 Surfaces - Basic Strains Al

4.26 Surfaces - Principal Strains
427 Surfaces - Maximum Strains
4.28 Surfaces - Strains von Mises

Al
Al

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

m

0]

Dialog box Printout Report Selection, tab LC/CO Results
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After [OK], RFEM asks us to enter a description for the printout report template.

Mew Printout Report Template @

No. Description

7| MewTemplate

[ ()3 J [ Cancel

Dialog box New Printout Report Template

Having entered a description and confirmed it with [OK], we can see that the new template is
included in the list of templates. We select this template and then clicking [OK].

Mew Printout Report @

No. Description
2 Mew Template

Printout Report Template

[?-New Template IrJ\s

- Input data and reduced results

Input Data
All Chapters Cancel
Concrete
Steel

- Crane Girder Analisis

Selecting printout report template

L

OO e L0 0 —

Mass Print

To print, for example, the deformations of all load cases and load combinations, we click
[Print Graphic].

The Graphic Printout dialog box opens. In the Window to Print section, we select the Mass
Print option. Then we click [Mass Print Settings].

Graphic Printout @

General | Options | Color Spectrum

Graphic Picture Window To Print Graphic Size
() Directly to a printer. . &= (©) Cument only (@ As screen view
@ To a printout report: FR1 =~ More.... 2 () Window filing

() Ta the Clipboard (@) Mass prit... T Toscale 1: 100 =
Mass Print Settings...
Graphic Picture Size and Rotation Options
Use whole page width Show results for selected xdocation in result
diagram
(2 Use whole page height [ Lock graphic picture {without update)
(@ Height: 50| [ of page]

Show printout report on [OK]
Rotation: 0 I

Header of Graphic Picture
RF-STEEL Surfaces - Sufaces Ratio Sigma-eqv, CA1, lsometric

OK ] [ Cancel

" A

Dialog box Graphic Printout
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The Mass Print dialog box appears. It has three tabs where we can select the desired graphics.

We go to the Mass Print - Results tab and select the u check box under Global Deformations.
Additionally we select All in the Load Cases / Combinations section. In the Views section, we
can then define the view of the graphics.

Mass Print @

| Mass Print - Model | Mass Print - Loads | Mass Print - Results

Loading Results
] Activate [¥] Activate
o =[BTV Global Deformations
Load C / Combinati —
-ua ases/Combinaions | T MO :
O Cument || L O ux r
@A e O uv
() Selected... N O uz
..... O ex
Views 1 e Or e
O Actual view || ¢ 7 L oz
- =B Surfaces
@ Defined - [B]® Local Deformations
Fl+x [F-% -[B] > Basic Internal Forces
C+y -y =-[E]® Principal Internal Forces
F+z |-z
lsometric view
[¥] Perspective

" 4

Dialog box Mass Print

After [OK], RFEM prints the graphics into the printout report.

& Printout report - PRL: New Template® [

(]
@

Eot Setngs et e

Bee ru 828 WA BBOD L&

e —— T —— =

U,LC1: SELF-WEIGHT, ISOMETRIC

NVERTED)

11GoneiData - - 150,121,021, 150 oz pamz

Printout report with automatic graphics
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[ Settings |

Printout Report Template... 3

Cover...
Q Header...
Page...

Language...

Translation Table...

Text Block... L\\,

[ Insert |

Text File...
Image from Clipboard

[ Insert |
Text Block...
Text File...
Image from Clipboard L\\)

Dlubal

Languages

The data can be printed in different languages. To change a language for the print, we select
Language on the Settings menu of the printout report. The Languages dialog box opens.

[Sc)

Languages

Existing Languages

Englizh -
German
French
Italian
Spanish
Russian
Czech
Palish
Hungarian

m

Slovak.
Portuguese
Dutch

=| [, b
[

] [ Cancel

Dialog box Languages
To create additional languages, we can use the [Create New Language] button.

Inserting user-defined text

Itis also possible to insert user-defined texts. We select Text Block on the Insert menu. The
Import Text dialog box opens. In the Title input field, we can type a user-defined header. In
the Text field, we can enter any text.

.
Import Text Ié]
Title
Mewt Text Block
Text
Mew Text
u]:4 ] [ Cancel

Dialog box Import Text

After [OK], the text is included in the printout report.

i [7] 2.3 Stresses by Surface
i [T 2.4 Stresses by Line

! .. 4.1 Parts List

.38 Next Text Block

NEXT TEXT BLOCK
MNew Text

User-defined text in printout report

Inserting image from Clipboard

To insert any pictures in the printout report, we first copy the graphic to the clipboard. Then
we can select Image from Clipboard on the Insert menu, thus inserting the graphic.
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4, Stability Analysis

This example presents a second-order stability analysis.

We create a [New Model]. In the General Data dialog box, we type Example 2 as Model Name
and Cantilever as Description. We disable the option Create combinations automatically.

4.1 Model Data
4.1.1 Beam

The model consists of a ¥ IPE 500 Cross-Section with a length of 3.0 m. We open the New
Member dialog box by clicking [New Member Single].

r ~
New Member ﬁ

General |0pticns I Effective Lengths I Madify Stiﬁness|
Member No Wember Type
1 [ Bzam - |

Node No. Member Rotation
Member Rotation via
-]
() Help node Inside s =]

) xy

xz

Cross-Section
Member start:  Create a new cross-section! A = o
Memberend:  As member start M m =
Member Release
Member start:  None - =
Memberend:  Mone e =

Dialog box New Member

In the Member start row of the Cross-Section dialog box section, we click [Import from Cross-
Section Libraryl. The Cross-Section Library dialog box opens.

We click [T-Sections] in the Rolled dialog box section.

=

Cross-Section Library

Rolled Parametric - Thin Parametric - Massive Parametric - Timber

) ) (] [z () () () () () (=) () (@) () (m)
(o)) (] [u] )] (x](e](o](n] [m]lm](s][e]
l2)(n] Lzl ()l (z]x] (=)(x) n)(n]
EY AT FNENEAE A EAEN|EN
FAENEAFANEAENENEY ----

ﬂ
( ]

Buit-up

Cross-Section Library
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The Rolled Cross-Sections - T-Sections dialog box opens. The To Select dialog box section on
the left shows a list with cross-section tables. We select the cross-section table ¥2 IPE. Then we
can select the 2 IPE 500 cross-section in the list on the right.

Rolled Cross-Sections - T-Sections (S
Cross-Section Type To Select To Select 1/2 IPE 500
Table Manufacturer/Standard - * | Crose-Section ’
TwWT 5 ASC13 1/21PE 140
T MT =5 AISC13 1/2IPE 160
T MT S 4509 1/2IPE 180
T8 S ASCE 1/21PE 200
TWT =P 1/21PE 220
TT - 1/2IPE 240 -
T RS - 1/21PE 270 g
T 1/2IPE0 - 142 IPE 330 -
= T 121PEy 1/2IPE 360 g
T 1/2HEA 1/2IPE 400
Manufacturen/Standard group T 12kER 12 IPE 450
Al * T 1/2HEM . 1/2IPE 500
TT B EN 100551995 1/2 IPE 550
Manfactur/Standard T8 B EN 100551995 142 1PE 600
Al T T = DIN 102511335
s T 120PE 9 DIN 102551934
M o | TeEs 9 DIN 102521955
T1/2HEA = DIN 102531334
Cross-section note: T12HEM = DIN 1025-41334
al T 1/2U8 SIZ British Steel {mm]
T1RUC i3 Brish Steel
T - TU 1422472
TT B 5B 1126398 s teriel
TT Bl GB 1126305 2 - Steel S 235185 EN 1933-1-1:2009 A
] Inchude invalid TT # KS D 3503, 351542 ME=)
[ Favorites group : 1T/2 " ; 'ES SUB:LS:S
ois - Addvance
lcs! Ti20E & Conss-Advance WBIFE S

Selecting 2 IPE 500 cross-section

We confirm the dialog boxes with [OK] and return to the RFEM work window. The mouse
pointer becomes a reticle. We use this reticle to select the start node and end node of the
member. The member has the length of 3.0 m. We select the origin [0;0;0] as the member
start and the grid point [3;0;0] as the member end.

-
New Member (Line)

===

Q@ N
LT
2

Member No. Line No. Node No.
1 1 2
Reference Coordinates
() Current C5 H: 2000 [m]
@ Grid arigin AS 0,000 [m]
| © Last node z 0.00015] [m]
Length
L: 2. 000 (il

Apply

Creating member
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We finish the input by right-clicking anywhere in the work window.

We want to create openings in the web of the beam. To do this, we have to divide the member
into surfaces. We open the context menu for editing the member by right-clicking it. Then we
select Generate Surfaces from Member.

Edit Line...
Edit Member...

Delete Line

o w ho

Delete Member

Divide Member
Create Mode "On Line’

Connect Members...

Extend Member...

Set Parallel Member...

Extrude Member into Surface...

W% X

"

Extrude Member into Grid...

Generate Surfaces from Member l,\\,

Reverse Member Orientation

B N

Create Set of Members...

]

Member context menu

After that we set the work plane in the web by clicking [Work Plane XZ].

4.1.2

Openings

We next create the center point of the first circular opening with the coordinates [0.3; 0.0; 0.1]
by using the [New Node] function.

-

New Node "Standard’ ﬁ

Node No. Node Type

n
Coordinates
Reference
Mode Mo 0 - @
Coordinate
Coordinate 0,300 [m]
Coordinate v 0000 [m]
Coordinate Z: 0100 [m]
Parameter 61 : l:l [%]

o [ B

Reference
() Current CS
@ Grid arigin

.

Dialog box New Node 'Standard'

We click [Apply] and then close the dialog box.
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Insert — Model Data — Openings — Circular Opening by Center & Radius.

Insert
Model Data
Loads

Load Cases and Combinations
5 Section..,

Dimensions
| Comments...

Guidelines

Line Grid

fz. Clipping Plane

@ | Visual Object

£F  Background Layer...

Menu Insert

The New Circle dialog box appears. We use the reticle of the mouse pointer to select the node

»

1.1 Modes

1.2 Lines

1.3 Materials

1.4 surfaces

1.5 Solids

1.6 Openings

1.7 Nodal Supports
1.3 Line Suppaorts
1.9 Surface Supports
110 Line Releases

113 Cross-Sections
114 Member End Releases

0o E

Graphically...
Dialog Box..
Table

Rectangular Opening

Circular @pening by 3 Points
Elliptical Opening by 3 Points

that we have just created as the center point of the circle.

=zt

New Circle
Member No. | Line No Mode Mo. Coordinates
12 [T 1 b [m]
2 Im]
Reference
z [m]
) Cument C5
@ Grid origin Length
() Last node
D@

Apply

Selecting center point of circle

Circular Opening by Center & Radius I}

After the selection of the node, a new window opens. We enter the circle radius 0.05m.

]

New Circle

Member Mo. | Line No. Node No.
12

Circle Parameters

I 005 [m]

[ Step

Ar:

A

L

Dialog box New Circle

We [Apply] the circle parameters to create the opening.

Circular opening

170

RFEM Training Manual © 2016 Dlubal Software GmbH



4 Stability Analysis

VANSS

|°g_|

Dlubal

We create the other openings quickly by copying the opening eight times. Before we do this,
we have to select the opening with all nodes and lines. If we start the selection within the sur-
face, it is useful to press the [Alt] key so that we do not select the surface, too.

We click [Move and/or Copy] to open the Move or Copy dialog box. We enter 8 as Number of
copies. In the Displacement Vector section, we enter the distance 0.3 m for dx.

Move or Copy - Copy &J
Number
Mumber of copies _
e
" Y‘/ I X
Reference to Coordinate System .-
@ Global v Z C5
Uszer-defined LY CS
Dizsplacement Vector
de 03000 &
de aoooff]
dz: |: 00005+ | [m] Mumbering Increment for
Modes: 1 Continuous
1= Continuous
Lines: il Continuous
15 Continuaus
1 Continuous
OEE® o) [

"

Dialog box Move or Copy - Copy

After [OK], eight new openings are created.

O O O O O

O O O O

Openings
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4.1.3 Supports

To finish the input of the model data, we define the support conditions. The beam is to be
supported on its left side (plane of the origin).

@ We select all lines that lie in the plane of the origin. Then we click [New Line Support].

Selecting lines of support

The New Line Support dialog box opens. The selected lines are preset. We select Hinged as

support type.
rNew Line Support EW

Line No.

24 5] ‘ YT #

Type of Support z

| Global | FIEIE | O30 | Hinged - E‘
}/]\ "
z
=

@]

Dialog box New Line Support

After [OK], the restraint is displayed as hinged line support of the boundary lines to the left.

Model with openings and support
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4.2 Load Data

We create two load cases and one load combination of both load cases.

4.2.1 LC1:Self-Weight

The first load case contains only the self-weight of the beam. We click [New Load Case]. The
Edit Load Cases and Combinations dialog box opens showing the Load Cases tab.

Edit Load Cases and Combinations [

Load Cases | Load Combinations | Result Combinations |

Existing Load Cases LC No Load Case Description

To Solve
10 Jsotveon w

Seff-weight -

General | Calculation Parameters

Action Type
I Permanant -

Self-Weight

[¥] Active
Factor in direction
X 0.000 & H
I 0.0002 H
z: 10005 0

Dialog box Edit Load Cases and Combinations
The self-weight as the action type Permanent is considered with the factor 1.0 in Z-direction.
In the Load Case Description section, we enter Self-weight.

By clicking [OK], the first load case is created.

4.2.2 LC2:Snow

In the second load case, we define a line load that represents a snow load. Again, we click

[New Load Casel. In the Edit Load Cases and Combinations dialog box, the self-weight is de-
activated now.

When we select Snow as Load Case Description from the drop-down list, the Action Type is
automatically set to Snow / ice.

Edit Load Cases and Combinstions [

Load Cases | Load Combinations | Result Combinations |

Existing Load Cases LC No.
EEMCT | Sefweight
ez | Snow

Load Case Description To Solve

-

2 Snow

General | Calculation Parameters

Action Type

@ Srow / ice

Self-Weight
[T] Active

Dialog box Edit Load Cases and Combinations

We confirm the input by clicking [OK].
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Now we can define the line load. We click [New Line Load]. The New Line Load dialog box
opens. We select a Uniform load distribution in the direction of the global Z-axis (ZL). We en-

ter the value 1.5 kN/m for p in the Load Parameters section.

-
New Line Load

E===

No. Reference to
1 @ Lines

() List of lines
Load Type
@ Force
() Mament

Load Parameters

p 1.5001% | [kNAm]
e [ B kwm

Comment

On Lines No.
=
Load Distribution Load Direction
() Concentrated: Local @ &
related ta true =
P Oy
ling length: @ :
@ Uniforrm
Glabal
) Trapezoidal related to true
- ling length:
() Varying... =
Global @) %P
related to projected
ling length: (G
(@

A
E:

[ Efm
[ Efm

Relative distance in %

Load owver tatal length of
lire:

Load Type Force'
Load Distribution ‘Uniform'’

IF9399RHARY

Load Direction 'Global Z1'

@ ¥ @

\

Dialog box New Line Load

We click [OK] to confirm the input.

Now we click the line to which the load is to be applied: It is the center line of the flange.

Snow load
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|43 Load Combination

Now we superimpose the two load cases in a load combination. We open the Edit Load Cases
and Combinations dialog box as shown in the figure to the left.

2k |

2} Load Cases and Combinations...

“§ | New Load Case.. . . . N
= B The Load Combinations tab contains the two subtabs General and Calculation Parameters.
&% Mew Load Combination...

53 | New Result Combination... In the General tab, we select the load cases that are to be combined. The partial safety factors

are assigned automatically.

Edit Load Cases and Combinations [

Load Cases | Load Combinations | Result Combinations

Existing Load Combinations CO No. Load Combination Description To Solve

[ - -

Load Cases in Load Combination CO1
135  |HEH LCY Seff-weight
150 = S |

Dialog box Edit Load Cases and Combinations

In the Calculation Parameters tab, we select the method of analysis, and, if necessary, other
calculation settings. In our example, we want to calculate according to the second-order anal-
ysis with consideration of an imperfection. This imperfection is to be derived from the defor-
mations of the superimposed load cases. To determine the imperfection, it is necessary to se-
lect the Geometrically linear static analysis in the Method of Analysis section since we want
to calculate the internal forces without additional moments due to P-delta. Those linear inter-
nal forces can then be used for the analysis in the RF-STABILITY module.

Edit Load Cases and Combinations [

Load Cases | Load Combinations | Result Combinations |

Existing Load Combinations CO No. Load Combination Description To Solve
I CO1 1.35°LC1 + 1.5°LC2 1 - -
Caloulation Parameters
Method of Analysis Options.
(@ Geometrically linear static analysis [ Modify loading by factor:
() Second-order analysis (P-Detta) Divide results by loading factor
(©) Large deformation analysis
© Postartical analyss [C] Apply stifiness modfications fe.g. dividing by safety factor

gamma_m})

Consider favorable effects due to tension of members
Method for Solving System of

Monlinear algebraic equations Refer intemal forces to deformed
(@ Newton-Raphson structure for

Newton-Raphson combined with Picard

Picard

Newton-Raphson with constant stffness matrix

Modified Newton-Raphson o
Try to calculate kinematic mechanism

Dynamic relaxation (add low geometric stiffness in first iteration)

[] Use separate number of load increments
for this load case:

O m 1 v
AT - X

Dialog box Edit Load Cases and Combinations
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44  FE Mesh

B MILLE de=h Refinemenis When the surfaces were created from the beam member, mesh refinements were defined for

--djﬂfﬂi?:: E g ;mt--FE - enter all surfaces. We delete those mesh refinements via the context menu of the Data navigator
ZF Lond Combin) o per = (see figure to the left). Alternatively, we can use the [Del] key.
~oi Result Combin| =
b~ poade Hmneite I Bl We select FE Mesh Settings on the Calculate menu in order to modify the general size of the
e o | | finite elements.
-/ Printout Reports Ly | Info on Input Errors.. _ )
|20 Guide Objects %= | Display Properties... LCalculate
fit
B2
]

To Calculate...

Calculate All Results of All Open Models
Calculate RFEM Results Only of All Open Models
Calculate Modules Results Only of All Open Models

Calculation Parameters...

FE Mesh Settings... L\\,

Pl H BEY B

Generate FE Mesh
I'Jf‘

Menu Calculate

In the FE Mesh Settings dialog box, we enter the value 0.015 m for the Target length of finite

elements.
FE Mesh Settings l_J&
General Surfaces
Target length of finite = b awirnum ratio of FE <
elements IFE: 0.0155 | [m] rectangle diagonals Ap: 18005 [
M awirnum distance bebween a Masirnurn out-of-plane
node and a ling to intearate it inta < inclination of bwo finite
the line: & 0.001 5| [m] elemerts o 0504 1
Marimum number of mesh nodes — 3
[in thousands] max  500(= FE mesh refinement along lines
[with type Plate 3" anly] 1
Members Fielationship Ap

Number of divi fi ial b f
1S D TRSINS T special ypes o [ Integrate unutlized obiects into sutaces

members
[zable, elastic foundation, taper, L
lingarity): 0= N
potlieait) Shape of finite ) Quadrangles only
Activate divisions for straight members, which are not integrated elemenits: ) Triangles only Ap = Dy D 2Dy
in surfaces, with concrete material categon group [necessam . 20 D2 L=
for nonlinear calculation] © Triangles and quadiangles
. /| Same squares where
tinimum number of member posswbleq
divisions: 105 Option
Ativate member divisions for large deformation or [T Mapped mesh prefened [T] Regenerate FE mesh on [OK]

post-ciiical analysiz

[ Use division tor straight members. which are not Solids

integrated in sufaces, with . . ..

) [ Refinement of FE mesh on sclids containing clase
rodes

Maimum number of elements
i thousands|: 200
1

Use division far members with nodes lving on them

Dialog box FE Mesh Settings
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[ LCalculate |

883 | Calculate All

m Calculate RFEM Results Only
ﬁ Calculate Modules Results Only
e

To Calculate...

s

Dlubal

4.5 Calculation

On the same Calculate menu, we select To Calculate. We set load combination CO 1 for the
calculation. Then we start the calculation by clicking [OK].

To Calculate @

Load Cases / Combinations / Module Cases ‘ Result Tables |

Not Calculated Selected for Calculation

No Description ‘m No Description -
| c Jiw Seff-weight Co1 1.35°LC1 + 1.5°LC2

o= LC2 Snow

-
Al - B

Dialog box To Calculate

The FE mesh is generated automatically.

After the analysis, the deformations of the girder are displayed in the work window.
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4.6 RF-STABILITY

With the add-on module RF-STABILITY, we can perform a stability analysis of any structure.
To do this, we determine the critical load factors n« and the according buckling shapes.

4.6.1 Theory

By means of the critical load factors, the program calculates the magnification factor a. ac-
cording to this formula:

1

-

Ner

o=

With the magnification factor a, we can determine the moment M" according to the second-
order analysis from the moment M' according to the linear static analysis under consideration
of the equivalent loading for the deformation as follows:

M= oM
The critical load factor n. is a measure for the stability risk of the system.

The buckling shape provides information on the position of the structural component prone
to instability risks.

4.6.2 InputData

To open the add-on module RF-STABILITY, we point to Stability on the Add-on Modules
menu, and then click RF-STABILITY - Stability Analysis.

[ Add-on Modules |

Design - Steel
Design - Concrete
Design - Timber
Design - Aluminium
Dynamic
Connections
Foundations
Stability %A RF-STABILITY [ Stability anaiysis

Towers

* v ¥ v v v v v v v

Others
External Modules »

Stand-Alone Programs 3

Menu Add-on Modules

RF-STABILITY shows only one window: 1.1 General Data (see figure below). In the General
section of this window, we can specify the number of lowest eigenvalues (eigenvectors for
buckling) that are to be calculated. For our example, we specify 4 eigenvalues.

Under the option Import axial forces, nonlinear effects and initial deformations, we have to
specify a load case or combination whose axial forces are to be applied for the analysis. We se-
lect the load combination CO1. In addition to this, we can Consider the favorable effects due to
tension. However, this effect only refers to member elements, not surface elements.

According to EN 1993-1-1, no stiffness modifications (material etc.) need to be activated.
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b

Calculate

o
c
o
-

RF-STABILITY - [Example 2]

i

File Settings Help

CA1 - Stabilty analysis ~| 1.1 General Data

Input Data
i General Data

General

Mumber of lawest sigenvalues [sigenvectors for

bucking] ta be calculated 4z
Find eigenvectars from crtical load
Factor:
Import axisl forces. nonlinear effects and nitis!
deformations from
Load case / combination:
001139101 + 15LE2 -
Options.
7] Consider faworable effects due o tension
Activate division also for straight merbers... )
Aotivate minimum initial prestiess for cables and s

membranes.

Activate entered stiffness modifications

Add initial asial forces from
Load case / combination:
LC1 - Seli-weight

Calculate buckling shape for unstable madel o that causes of
instabilty can be checked graphicaly

Comment

L]
#1

@) Calculats Check

Graphics

Calculation Method
Stabity analysis
© Eigenvalue analysis

Load increased to structure Failure. . -

Eigenvaiue method:

Method by Lanczos

Floots of the characteristic polynomial
© Subspace iteration methad
) ICG iteration methad

Tupe of mali
@ Standard

=) Unit matrix (For checking and determination of accuracy)

Standardization of Eigenmodes

RF-STABILITY

Analysis of Stability

@ Guch that lul =1
Such that max {ux. uy. uz}=1
Such that mas {ux. uy. uz; ox; 9y: 9z} =1

From geometric stiffress such that {u}T [Ke]{ul=1 Stability Analysis

by Eigenvalue Method

Setting for Graphic

7] Displap local torsional rotatians of
members from

o 02004 g

——

Cancel

RF-STABILITY module window 1.7 General Data

In the Calculation Method section, there are four Eigenvalue Methods available of which we

will mention only two:

e The Subspace iteration method is rather fast. However, it needs a lot of RAM because all
eigenvalues are calculated in one step. This method is suitable for small and medium
sized models for which you want to calculate a large number of eigenvalues.

¢ ThelCG iteration method is significantly slower. All eigenvalues are calculated one after
the other. The RAM requirements are, therefore, small. However, the computing time in-
creases depending on the number of calculated eigenvalues. This method should be ap-
plied in case of extensive models with only few eigenvalues.

We set the Subspace iteration method.

When we click [Calculate], the solver window appears.

FE-Calculation.. [
‘1 Running
RFEM - Calculation by FEM
RF-STAEILITY - Analysis of Stability
Partial Steps.
> RF-STABILITY - Analyziz of Stability Mumber of 30 Elements o -
I — | Processing Input Data... Mumber of 2D Elements 5748
° - | Creating 3D-Element Stiffness Matrices... Humber of 10 Elements 0
- | Creating 20-Element Stiffness Matrices... Mumber of Nodes. 5042
m - | Creating 10-Element Stiffness Matrices. .. Number of Equations 3252
- - - Mumber of Eigenvalues 4
1 ~ | Creating Global Stiffness Matrix..
m - | Lanczos method
m- - | Sturm Sequence Test..
- - | Determining 2D-Element Interal Forces...
“ — | Determining 10-Element Internal Forces. .
1 d
I — (1] 0] 7 B

Dialog box FE-Calculation
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4.6.3 Results

When the calculation is successfully completed, the module shows several results windows.
The number of the windows depends on the types of elements used in the model.

Window 2.1 Critical Load Factor lists all critical load factors as well as all magnification factors.
If a critical load factor is within an interval between 1 and 10, the model is still stable; however,
the second-order analysis is required.

RF-STABILITY - [Example 2] =)

File Settings Help

C&1 - Stahility analysis w | 21 Critical Load Factors

Input Data " 3
' General Data Shape Criical Load Factor Magnfication Factor
Results o H af] Message

i Cilical Load Faclars 1 | 7423 1.156
- Eigenvectors by Nods 2 8.567 1132
Eigenvectors by Suface 3 10307 1.107

4

[ c

11628 1034

Infinite standard of stiffness matix: 1.000e+017 []

Module window 2.1 Critical Load Factors

The other windows show the normalized eigenvectors (buckling shapes) in tables. If members
are available, the buckling lengths are displayed, too.

To go to the work window, we click [Graphics].

Panel >

ull

‘ Eigenvectar -

Max : 1.0
Min : 0.0

RF-STABILITY

First buckling shape
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4.7  RF-IMP

The add-on module RF-IMP allows us to generate imperfections for the calculation according
to second-order analysis as required by many standards. There are two main ways to do this:

e Using equivalent loads (see EN 1993-1-1:2010-12, 5.2.2(5)).
¢ We can shift nodes of the model according to the requirements of the standard. The cal-
culation is then carried out for this equivalent system.

The first method can only be applied to member elements, not to surfaces or solids. The sec-
ond method can be used for all types of elements. RF-IMP offers both possibilities.
To start RF-IMP, we click

Add-on Modules — Others — RF-IMP.

Add-on Madules |

‘E Current Module

Design - Steel 13
Design - Concrete L3
Design - Timber 13
Design - Aluminium 13
Dynamic L3
Connections 3
Foundations 3
Stability r
Towers 3
Others k| [T | RF-DEFORM Deformation and deflection analysis
External Modules . &4, | RF-MOVE Generation of moving loads
@ﬁ RF-IMP Generation of imperfections
Stand-Alone Programs  + | . [ o craces Analysis of construction stages
RF-LOAD-STEPS Load step calculation

Menu Add-on Modules

In the RF-IMP module window 1.7 General Data, we can choose whether the imperfections
are to be based on the deformations of a load case or combination, a buckling shape of RF-
STABILITY or an eigenvector of RF-DYNAM. We select the buckling shape 1 from the option
Buckling shape from module RF-STABILITY.

RF-IMP - [Example 2] )

File Settings Help
cal ~ | 1.1 General Data
Input Data Generate Imperfections According to Type of Generation

i General Data .

_ Defarmation from RFEM * Imperfections of members for RFEM
Table 3.1
® Pre- -
LT - Selfweight @ Pre-deformed initial moded

b aximum ordinate of 10.0203] fmm]

pre-deformatior: s

@ Buckiing shape from module RF-STABILITY @ Generate pre-deformed FE mesh in arder to
Eigen wibration from module RF-Dv N alzo affect imperfections of surfaces

Mo G *) Generate pre-deformed model by shifting

15 | CaT - Stabilty analpsiz - nodes anly

RF-IMP

Generated Imperfection Load Case

Options.
3E 9) Governing direction Generation of
Eoth local directions Equivalent Geometric
Imperfections
Imperfection in +% 9) Drvenarite and Pre-deformed
Add Initial Structures

I

RF-IMP module window 1.7 General Data
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In the Type of Generation section, we select the method according to which we want to apply
the imperfection. Method 1 creates equivalent imperfections of members, method 2 a model
with pre-deformations.

We select Pre-deformed initial model with a maximum ordinate of 10 mm. Then we activate
the option Generate pre-deformed FE mesh in order to also affect imperfections of surfaces.

We click [Generate] to generate the imperfection. The FE mesh nodes are shifted according to
the imperfection.

By clicking [Graphics], we can go to the work window to see the pre-deformations.

Pre-deformations
u [rm]

Panel x

Max : 10.0
Min : 0.0

RF-IMP

Pre-deformations

The imperfections correspond to the first buckling shape of the RF-STABILITY module. The two
figures differ only with regard to the units of their scale: The RF-STABILITY buckling shape is
normalized to 1, and is, therefore, without unit. In contrast, the imperfections in RF-IMP have a
maximum deformation amplitude of 10 mm.
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4.8  Second-Order Analysis

The imperfection shape is now available. We can use it for a new analysis according to second-
order theory. The easiest way to do that is to copy load combination CO1 by right-clicking it in

the Data navigator.

{28 Load Cases and Combinations
_§ Load Cases
& Load Combinations

Edit... Enter
Mew Load Combination...
Go to Table

Copy Load Combination...

..... r i Apply Default Load Combination Parameters

Delete Del

Load Combinations context menu

The Copy Load Combination dialog box opens. We can enter the No. of the new load combi-

nation and its Description.

Copy Load Combination &J

Copy Load Combination

Mo.: Drescription:

New Load Combination

Mo.: Drescription:

2 Second-order analyzis

[ (] 8 ] [ Cancel

. 4

Dialog box Copy Load Combination

After [OK], the navigator shows the new load combination CO2. We must change the method
of analysis for this load combination, however. Again, we use the context menu of the naviga-

tor to adjust the settings of load combination CO2. On the context menu, we select Edit.

Load Cases and Combinations

_§ Load Cases

E-o Load Combinations

-0 C0O1:1.35%L.C1 + 1.35%LC2
| CO2: Second-order analysis
o ¥ Resulf 58l Edit... Enter
- Loads 2-’
- Results

Il
[

Mew Load Combination...

Il
[

“§  GotoTable
_____ = Awverage DDD Copy Load Combination...
----- 23 Printout § 2@ | Apply Default Load Combination Parameters

% | Delete Del
=

Load Combinations context menu
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We select load combination CO2 and its Calculation Parameters subtab. In the Method of
Analysis section, we select Second-order analysis. Additionally, we activate the Extra Options.

Edit Load Cases and Combinations

[

Load Combinations | Resuft Combinations

Existing Load Combinations CO No.
Co1 1.35°LC1 + 1.35°LC2
B 02 | Second-order analysis

Load Combination Description

2 = Second-order analysis

General | Calculation Parameters | Exra Options |

To Solve
-

HWethod of Analysis

() Geometrically linear static analysis
‘Second-order analysis (P-Delta)

) Large deformation analysis

() Posteritical analysis

Wethod for Soiving System of
Nonlinear algebraic equations:
Newton-Raphson
Newton-Raphson combined with Ficard
(@ Picard
Newton-Raphson with constant stiffness matrix
Modified Newton-Raphson

Dynamic relaxation

Options
=] Modify loading by factor:

Divide results by loading factor

Materizls (partial factor 7u)

Cross-sections factor for J, Iy, 1z A, Ay, Az)
Members factor for GJ, Ely, Elz. EA, GAy, GAZ)
Activate special settings in tab

[] Madify stifness

Extra options

Consider favorable effects due to tension of members

Refer intemal forces to deformed
structure for:

Nomnal forces N
[] Shear forces Vyand Vz
[¥] Moments My, Mzand M1

Try to calculate kinematic mechanism
(add low geometric stiffness in first teration)

[] Apply separate number of load increments
forthis load combination:

Dialog box Edit Load Cases and Combinations, subtab Calculation Parameters

Now we go to the Extra Options tab. In the section Initial Deformation from Module RF-IMP,
we select the imperfection that we have generated in RF-IMP. A second-order analysis using an
imperfection that is based on the first buckling shape results in unfavorable internal forces.

Edit Load Cases and Combinations

[

Load Cases | Load Combinations | Result Combinations |

Existing Load Combinations CO No
co1 1.35°LC1 + 1.35°LC2
I CO2 Second-order analysis

Load Combination Description

2 =~ Second-order analysis

General | Caleulation Parameters | Modify Stifiness | Sdra Options

Initial Deformation from Other LCICO

[C] Activate

To Solve

-

Stiffness from Module RF-CONCRETE

due to reinforcement and crack

[] Madify stiffness of members/sufaces used in the
add-on module RF-CONCRETE

Case of module RF-CONCRETE Members:

Case of module RF-CONCRETE Surfaces

Inttial Forces for Geometric Stiffness

[ Activate

Inttial Deformation from Module RF-IMP

Activate genersted imperfections from add-on module
RFMP

Case of module RF-IMP:
CAl -

To use this option an RF-IMP case must exist

Dialog box Edit Load Cases and Combinations, subtab Extra Options
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We confirm the input by clicking [OK]. Now we can start the calculation of load combination
CO2 by clicking [Show Results].

We confirm the following message with [OK].

% RFEMG4
) Question No. 30

Results from CO2 not found!

Start calculation?

Lancel

RFEM question

After the calculation, we can display the moments my, for example.

Panel X
Biasic Intemal Forces
o [kNm/m]
0.52
068
044
0.20
0.04
028
052
476
-1.00
124
.48
172
Max - 0.92
Hin = .72
Ea 4

Moments my of CO2 with consideration of imperfections
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=¥ Add-on Medules
=
£] RF-STEEL Members - General stress analysis of steel membe
£ RF-STEEL EC3 - Design of steel members according to Euro
M= RF-STEEL AISC - Design of steel members accerding to AISC
Tz RF-STEEL IS - Design of steel members according to IS
il RF-STEEL SIA - Design of steel members according to SIA

Calzulation

Dlubal

49  RF-STEEL Surfaces

Finally we perform a stress analysis with the RF-STEEL Surfaces add-on module. We open this
module by clicking it in the Data navigator.

49.1 InputData

In the module window 1.7 General Data, we select CO1 for the design. To compare the stress-
es due to the linear static and the second-order analyses, we will design CO2 afterwards.

RF-STEEL Surfaces - [Example 2] )
File Edit Settings Help
CA1 - General sress analysis of_~ | 1.1 General Data
Input Data Besign of
i General Data
. Materiake Surfaces No
“Sutaces 13 % [X [@]an
Ukimate Limit State | Serviceabilty Limit State
Existing Load Cases Selected for Design
LC1 Self-weight co1 1.35°LC1 + 1.5°LC2 J
@0 LC2 | Snow
C0z  [Secondorder analysis m
(2] |
"
v
I.Il- £
e
v
Stress Analysis
of Surfaces
A - B

RF-STEEL Surfaces module window 1.1 General Data

Window 1.2 Materials lists the materials defined in the model. Materials that are non-
designable in RF-STEEL Surfaces like concrete are highlighted in red.

The third window lists all surfaces selected for design and shows their thicknesses.

1.3 Surfaces
B [ c [ o [ E [ F [ G | H
Surface | Maternial Thickness Opti- Area Weight
Mo. Mo. Type d [mm] mize Remark Alm2] Gl Comment
[ 1 Constant 16.0 a 0.30 0.04
2 2 Constant 16.0 a 030 0.04
3 2 Constant 10.2 a 0.66 0.05

Window 1.3 Surfaces

We start the [Calculation] of the stresses.
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RF-STEEL Surfaces - [Example 2]

File

Edit Settings Help

New Case... L\\, Ctrl+M
Rename Case...

Calculation

Dlubal

49.2 Results

After the calculation, we create a new design case for CO2 by selecting menu

File — New Case.
New RF-STEEL Surfaces Case =5
No. Description
2 General stress analysis of steel sufaces -
@

Dialog box New RF-STEEL Surfaces Case

In window 1.7 General Data of the new case, we select CO2. Then we start the [Calculation].

To view the results of the stress design graphically, we click [Graphics]. The following figure
shows the ratio of @eqv of CO2 according to second-order analysis. We can see that the limit
stress is exceeded at the location with the maximum plate-buckling effect.

RF-STEEL Surfaces CA2 - General stress analysis of steel sur
co2 |
Stress Ratio Sigma-eoy - (-]

Panel X

Stress Ratio
Fatio gequ piss []
104
100 e e i
080 ) =2 : = = == b gl
poed __ e ==
070
0560
050
0.40
030
020
010
0.00

Max © 1.04
Min 000

RF-STEEL Sulfaces

Mes Restio Sigma-eqv: 1.04, Min Ratio Sigma-eqy: 0,00 - |

Stresses due to nonlinear calculation with consideration of imperfections

By contrast, the figure below shows the ratios Geqv from CO1 (linear analysis). There is an in-
crease in stress below the first opening, too. The stresses are far below the limit, however.

RF-STEEL Surfaces CA1 - General stress analysis of steel surfaces
ol |
Stress Ratio Sigma-sqv [-]

Panel X

Stress Ratio
Ratio Gequ htax [-]

Max . 0.67
Min : 0.00

RF-STEEL Surfaces

Max Ratio Sigma-eqv: 0.67, Min Ratio Sigma-eqv: 0.00 - |

Stresses due to linear static analysis
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| 5. Parameterized Input

If the model or the loading depend on variables, the input can be parameterized. It is particu-
larly suited for similar models whose values of the parameters vary.

The parametric input is not suited for branching models such as multi-span beams with a vari-
able number of spans. It is, however, possible to model a parameterized multi-span beam with
variable span lengths.

In this example, we will create a parameter list and use those parameters to define the model
and the loading.

15.1  Model of Steel Sheets

We model two-span sheets for which we define the span lengths, the width and the surface
thickness as variable parameters.

First we create a surface with the dimensions 1x1 m that has a thickness of 4.0 cm and is made
of Steel S 235 as shown in the figure below.

The surface is supported by hinged line supports at its four boundary lines. One boundary line
is to be supported as horizontally braced, the remaining three lines as horizontally unbraced.

Surface 1x1 m

We use the drag-and-drop function while pressing the [Ctrl] key to create the second surface
directly next to the first one and to support it as horizontally unbraced.

Model and copy
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5.1.1 List of Parameters

Now we create a list of the required parameters. We open the Edit Parameters dialog box by
clicking the [Edit Parameters] button in the table.

1.1 Modes
[ = B [E O | F (=5 [H x| §E EeEsEARS
A B b [ E T °F i
Node Reference Coordinate Node Coordinates @m}
Na. Mode Type MNode System Xm] Y [m] Zm]
Standard 0 Cartesian 0.000 0.000 0.000
2 Standard 0 Cartesian 0.000 1.000 0.000
3 Standard 0 Cartesian 1.000 1.000 0.000
4 Standard 0 Cartesian 1.000 0.000 0.000
5
6
7 Standard 0 Cartesian 2.000 1.000 0.000
Nodes | Lines | Materials | Surfaces | Solids [Openings | Nodal Supports | Line Supports | Surface Supports | Line Releases | Cross-Sections |

Table button [Edit Parameters]

In the dialog box Edit Parameters, we define the parameters Length1, Length2, Width and
Thickness as seen in the following figure. Then we click [OK] to close the list of parameters.

-

Edit Parameters MW
List of Parameters
B c D E F G
P Unit Type Value Linit Formula Range of Values Comment

1 | Length1 Length 1.000 (m

2 | Length2 Length 1.000 [m

3 | Width Length 1.000 [m

4 | Thickness Length 0.030 | m
Comment
|Name of parameter [e.g. "Width_w', not possible: ‘&' and 'PIY]
2 EE &= = X e [ oc ][ Conce

i

Dialog box Edit Parameters

RFEM Training Manual © 2016 Dlubal Software GmbH
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5.1.2 Formula Editor

Now we can parameterize the width of the two surfaces: We select the three nodes that do not
lie on the X-axis. Then we right-click on of those nodes to open the context menu.

‘

Edit Mode...

Delete Node
FE Mesh Refinement

Move/Copy..

Node context menu - selected nodes for Width

We click in the selected field next to the Y-coordinate, and then select the Edit Formulas option.

”~ ™y
Edit Node [

Node Coordinates | Support | FE Mesh
Node No. Node Type
237 ‘ Standard DI
Coordinates Coordinate System "Cartesian’
Reference
node MNo.: -
Coordinate
system:
Coordinate X [ITI]
Coordinate Y 1.00015 H ) | calculator
Coordinate Z: DDDDEIEl | Jx Edit Formulas I} I

f Measure

@ Full Precision
Comment

-@
&)

. 4

Dialog box Edit Node

In the formula editor (dialog box Edit Formulas), we double-click the Width parameter. This pa-
rameter is transferred to the Formula field. We close the editor by clicking the [Apply] button.

Coordinate X:
Coordinate :
Coordinate Z:

Q
[ oo AN

0.00012]]| m]

Thickness

] ()L ]
e
nRDEEE

0.030) m

Edit Formulas =
ramis: i gELIES
Fesult: 1.000] ] @Al
[l [T Hpp | List of Parameters

. A Farameter Walue Unit
e EEEE

Lengthl 1.000 | m
3 ([ e e

[

Dialog box Edit Formulas (formula editor)

In the Edit Node dialog box, we now see a yellow flag in the field of the parameterized coordi-
nates. This flag is shown in all fields containing a parameterized quantity. We can return to the

formula editor by clicking this flag.
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Next we parameterize the span width of the first surface. We select the two nodes in the mid-
dle of the plate as shown in the figure. Then we edit them via the context menu again.

Edit Mode...
Delete Node I}
FE Mesh Refinement 3

Move/Copy...
Rotate...

A:B Mirrar...

Mode Marks in Foreground

REI Display Properties...

B4 | visibility by Selected Objects
84 | visibility by Hiding Selected Objects

Node context menu - selected nodes for Length1

We open the formula editor by clicking the function button next to the X-coordinate now. The

Edit Formulas dialog box opens again where we select Length1. We [Apply] this formula, too.

The two nodes on the right side are the last pair of nodes that are to be parameterized.

| P Edit Node...
K| Delete Node I}

FE Mesh Refinement 3
oa Move/Copy...
CD Rotate...
A:B Mirrar...
Mode Marks in Foreground
REI Display Properties...

B4 | visibility by Selected Objects
84 | visibility by Hiding Selected Objects

Node context menu - selected nodes for Length1+Length2

We open the formula editor next to the X-coordinate of the two nodes. In the Formula field,
we first enter Length1. We click [Plus] and then enter Length2.

Edit Formulas E
Fomula: | Lengthl +Length? - @
Result: [m] [al
I Hyp | List of Parameters

A Parameter Walue Uniit
o e T
Lengthl 1.000| m

EE- EN|E
() o) ) ) e ]

Dialog box Edit Formulas (formula editor)

‘width 1.000| m
Thickness 0.030 [ m

After that, we click [OK].
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Finally, we parameterize the surface thickness.

To open the formula editor, we use an alternative way: We select table 1.4 Surfaces and then
click Thickness d (column F) of surface No. 1. To start the formula editor, we click the button
[Edit Formula].

1.4 Surfaces
(5= = | B8 B D€ O | [ [=] (3] (6| K= | FHE o & =@ | E A
[ A [ B [ c [ D 1] E DN G [ h |
Surface Surface Type Material Thickness
Na. Geometry Stiffness Boundary Lines Mo. Na. Type d [cm] ez [cm] Nodes No.
[ Plane [ Standard 14 B 2 |Constant = 0.0
2 | Plane & Standard 368 B 2 |Constart 4.0 0.0
3
4
5]
6
7
Modes | Lines | Material lSurfac:es Solids | Openings lNodaI Supports lLine Supports lSurface Supports lLine Releases lCross-Sections ll‘u‘lember End

Table 1.4 Surfaces

The Edit Formulas dialog box opens. We transfer the parameter Thickness to the Formula
field and then click [Apply Formula]. This time, the formula editor is not closed because it was
started from the table. The advantage of this is that in the table, you can go directly to the row
of surface No. 2 below and also parameterize its thickness by the Thickness parameter.

Edit Formulas @
Fomula: Thickress - @
Result 2.00) [em] @)
[TJinw  [C] Hyp List of Parameters

Parameter WValue Urit
L) ] L0 o ]

Lengthl 7.000 | m
el 22 |

width 1.000 ) m

--EEE- @) 5

O E=EIE x> S e = 2%
B [ = [ D 1 E [ F [ G ]
Material Thickness Eccentricity
tiffness Boundary Lines Mo. MNa. Type d [cm] ez [cm] K
1dard 1-4 B 2 |Constant 3.00 0.00
\dard 168 B 2 | Constant 4.00 0.00

Dialog box Edit Formulas

Having done this, we can close the formula editor by clicking [x].
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5.1.3

Parameterized Model

Now we open the Edit Parameters dialog box by using the [Edit Parameters] button.

When we modify the parameters in the list and [Apply] the changes, we can see the effects in

the work window.

' ™
Edit Parameters u
List of Parameters
B [ 1] E F G
Parameter Unit Type Value Unit Fomula Range of Values Comment

1 | Lengthl Length 1.500 |m
2 | Length2 Length 2.100 |m
3 | Width Length 1.500 |m
4 | Thickness Length 0.050 |m

Comment

|Name of parameter [e.q. "width_w', nat possible: 'e' and ‘Pl

2 & @R ’&E @ X 8

Ok I [ Cancel

.

Dialog box Edit Parameters

With the set of parameters as shown above, the model looks as follows.

Parameterized model

Dlubal
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5.2 Parameterized Loads

We can parameterize load data just like model data. As described in the previous chapter, we
add the following parameters to the list:

e g, unit type force per area, value 1 kN/m?

e p, unit type fore per area, value 1 kN/m?

5.2.1 LC1:Self-Weight

Then we create a load case LC1 Self-weight by clicking [New Load Case]. A dialog box opens
where we define the self-weight as shown in the following figure. Then we click [OK].

Edit Load Cases and Combinations Lﬁ
Load Cases | Load Combinations | Result Combinations |
Existing Load Cases LC No. Load Case Description To Solve
i Sofwot -
General | Caloulation Parameters
Action Type
M Pemanent v
Self-Weight
Active
Factor in direction:
X: 0.0005H H
Y: 0.000 H
Z: 1000 H

Dialog box Edit Load Cases and Combinations

Next we click [New Surface Load] to open the New Surface Load dialog box. We specify the
settings as shown in the figure below. In the Loading Magnitude dialog box section, we click
the arrow showing to the right, thus opening a menu. Here we select the Edit Formulas option.

r ~
MNew Surface Load &J
No On Surfaces No Load Type 'Force'
1 Load Distribution ‘Uniform’
Load Type Load Direction
@ Farce Local (S
_ related to tue area:
() Temperature Sy 5
() Aial strain F
© Precamber. . Global @
() Rotary matiar... || related to tue area; L
Lozd Distribution @
@ Uniform Global B P
& Li related to projected o
- !near . alea: o P

(20 Lingar i ozP
(0 Linear in
() Linear inZ
() Radial... = Load Direction 'L
Load Magnitude

Mode Mo. Magnitude

1 t b 0.005>) 28 calculator

1 A B =B fx Edit Formulas %

1 & n v m Full Precision

B | Multilayer Structure
3 =
Comment
-

Dialog box New Surface Load
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The formula editor opens where we enter the parameter g. Then we click [Apply Formulal.

Edit Formulas

o (o ) o () 2
oo (o] () e (e
(e ol B e
o
LR

Formula: g - E]
Result [kN/m™2] @
[Tline [T Hyp | List of Parameters

Param...
Lengthl
Lengtha
‘width
Thicknes:

Walue Uniit
1.500
2100
1.500
0.050| m
1.000 | kp 2
1.000 | kN/m™2

2 2 =2

Dialog box Edit Formulas

We confirm the New Surface Load dialog box. Then we select the two surfaces to which we
apply the surface load as follows.

LC1: Surface loads

RFEM Training Manual © 2016 Dlubal Software GmbH
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5.2.2 LC2/LC3: Variable Loads

In the same way, we define two more load cases: LC2 - Imposed load 1 and LC3 - Imposed
load 2.

In both load cases, we select the parameter p instead of g.

We apply LC2 to surface 1.

LC2: Imposed load 1

LC3 contains the surface load of surface 2.

LC3: imposed load 2

After that, we can modify the parameters g and p to change the surface loads - in the same
way as it is described in chapter 5.1.3 Parameterized Model for the model data.
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[ Options |
Display Properties
Units and Decimal Places...

Display Margins and Stretch Factors..,

Customize Tool Icons...

Program Options...

& M EHEl

Configuration Manager...

's Solids 4&

Dlubal

6. Solids

In this example, we will explore special features related to solid elements.

Since the calculation of solids is rather time-consuming, solid elements should be applied only
where necessary. In general, at least three 3D elements are to be created between the closer
sides of a solid so that we get plausible results. Solids are also required when we want analyze
the stresses perpendicular to the plane of a surface.

The 3D elements of RFEM can have the shapes of a cuboid or a tetrahedron. Each element
node has three degrees of freedom - three translational and three rotational degrees of free-
dom. This makes sure that they are compatible with the surface and member elements.

Solid elements are defined by boundary surfaces of the type Null.

6.1  Model of Steel Hook
6.1.1 Units and Grid Settings

First, we adjust the units and the grid according to the dimensions of the model. To open the
dialog box for the adjustments of units and decimal places, we click menu

Options — Units and Decimal Places.

Here we change the units of the lengths and the cross-section properties to [mm].

Units and Decimal Places &J
Program / Module Model | Loads I Results I Dimensions‘

W 2 FEn ~ )

. RF-STEEL Surfaces Geometry Materials

.. RF-5TEEL Members Linit Dec. places Linit Dec. places

- RF-STEEL EC3 Lengths: mm - 15 E-, G-Modules: kN/em™2 = 255

- RF-STEEL AISC l | = =

.- RF-STEEL IS Angles: deg - 25 Specific weights: kN, - 2

2?2¥E& :lsA = Surface thicknesses: E] 15 Coeff. of themal expansion: 2

.. RF-STEEL GB Poisson’s ratios: - 3

- RFSTEELCS - _ 2

- RF-ALUMINIUM

- RF-KAPPA Cross-Sections Supports / Stiffness / Orthotropy

- RF-LTB —

- RF-FELLTE Dimensions: mm - 15 Forces: kN - 3%

- RF-EL-PL Section properties: mm - 1= Lengths for moments: I

. PLATE-BUCKLING Weight per length: ka/m A 1= Lengths: D =

- CRANEWAY . - . -
Surfaces "2 - 3= Angles 4=

- RF-CONCRETE Sufac — :

EEE8EEEE$E (I';ﬂelmbn Non-Dimensional Other

olumi

RF-PUNCH Factors: . 2= Standard gravity: 25

- RF-TIMBER Pro = s . s
Percents: % 25 Weight: - 1=

- RE-TIMBER AWC Freens : =

- RF-TIMEER Gas Pressures: 21

- R¥-TIMBER . “

. RXTIMBER Molar Mass: =

- R¥-TIMBER Thermal Conductivity: Wim/K - =

- AX-TIMBER S

7 oK) [comen

. 4

Dialog box Units and Decimal Places
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We now open the dialog box Work Plane and Grid/Snap by clicking the button [Settings of
Work Plane, Grid/Snap, Object Snap, Guide Lines].

In the dialog box, we change the space of the grid points b and h to 10 mm. Then we click [OK].
rWork Plane and Grid/Snap &J

Work Plane Origin of Work Plane

Coordinate system:

MNode MNo.:

=
BRE

Standard - - =
Coordinates ¥ 0.0 | [mm]
@ ¥y
N L he 0.0 x| [mm]
vz L —
oz v i zZ 0.0 x| [mm]
z
Grid/Snap | Object Snap | Guidelines | Background Layers I Line Grids
Show Type Number of Grid Points
Grid @ Cartesian [] Dynamically according ta size of model
Snap ) Polar
- [+ Il
Distance: 105 [px] . "y s
Direction 1: a0 a0
- 2 e 0
n ny
T
- ~| Grid Point Spacing
Space b: 10.015 x| [mm]
ny i—b.b.b.b. .
i T At e i n | ) h: 10.055x] [mm]
= 1]
= :"’ﬂﬁﬂ : ' Ratation B: 000 [
ny .."' | T -
"o .| Grid Line Spacing
A\ -
oL Murnber ni: 104
nz: 10

@ # @

L

Dialog box Work Plane and Grid/Snap

6.1.2 Lines

- We draw the lines as shown on the following figure. For the arc lines, we use the [New Arc via
| h& | Three Nodes] button.

30

40

Lines and distances
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6.1.3 Surfaces

Next, we insert two Null surfaces within the boundary lines by using the [Select Boundary
Lines] button.

1 New Surface uw
Surface No. Surface Type
1 Geometry: |. Flane v|
Hatoril Stifness: [ Nul - [=]
—_—— _v| Surface type "Null'
CE=11Ed
Thickness
(@) Constant
Thickness d: l:l [rarn]
“ariable... |E|
~+35
-
Comment
-@

l 0K I [ Cancel

L% J

Dialog box New Surface

The result looks as follows:

Two surfaces of type Null

I RFEM Training Manual © 2016 Dlubal Software GmbH 1 99




.6 Solids 4&

Dlubal

— We select the two surfaces with their lines and nodes. Then we click the [Move and/or Copy]
‘i' button. In the dialog box, we set the number of copies to 1 and enter the value dz=10 mm in
the Displacement Vector section.
rl\ﬂh:n.re or Copy - Copy g‘
Number
Mumber of copies
n: 1 EI
Reference to Coordinate System
@ Global %Y Z C5
User-defined UM\ CS
‘B
Displacement Vector
o o]
dr: frm]
dz: [rrn] Numbering Increment for
Modes: Contirnuous
Members: = Continuous
Lines: 1= Continuous
Surfaces: 1 Cantiruous
Solids: Continuous
@)

Dialog box Move or Copy - Copy

Copied surfaces

Now we connect the corner nodes of the surfaces by lines as follows.

Connecting lines
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Edit Solid
Select Sufaces

Selected:

[248

W Autocomplete

Clear oK

Cancel
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We insert new Null surfaces between the lines. Please note that the curved surfaces cannot be
modeled by plane surfaces. We have to use surfaces of the type Quadrangle instead.

Surface model

6.1.4 Solids

Now we can create solids from the boundary surfaces. We will model the hook by two solids:
The first solid consists of the cuboid, the second solid of the curved part. We click [New Solid].

The New Solid dialog box opens. In the Boundary Surface No. section, we click [Select
Boundary Surface of the Solid] and select the six surfaces of the first solid.

The material is Steel S 235. Then we close the window by clicking [OK].

g ™
New Solid ==
General | FE Mesh | Fues
Solid No. Solid Type
1 B Material -

Boundary Surfaces No.

248
- Boundary
WMaterial 7 .'II Surfaces
:rzlal Steel 5235 | BS EN 1593-1-1:2005 //)( j
o M P

Comment

B EOE® FEED &
[ 20 ][Cancel]

. J

Dialog box New Solid
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In the same way, we define the curved solid No. 2. The result is shown in the following figure.

Centroid

Solid model of steel hook

Solids are symbolized by purple points. Those represent their centroids.

Note:

Similar to example 2 Steel Model, there is a "complicated" and a "simple" way to create the solid
(see chapter 3.1.3). We have chosen the difficult one. It would have been much faster to use

— the option Create new solids between the selected surfaces and their copies which is availa-
ble in the [Detail Settings] of the Move or Copy dialog box.

' ™
Detail Settings for Move/Rotate/Mirror u
Connecting
Lines between nodes - Copied Surfaces
Create new lines between the selected nodes
and their copies .
s
Members between nodes £ E
[ Create new members between the selected g ¥
nodes and their copies % ]
'
Template member Mo : g‘ a
cuir= E g
[None - (%] (8] i3]
e
EE
Surfaces between lines 8 §
Create new surfaces between the selected lines
and their copies
Template suface MNo.: “To copy
E N
|N0ne - | a
Local Coordinate Systems
Solids between surfaces ) ) " )
Create new solids between the selected A(_:Ijus_t local coordinate system when rotating or
Ny X mirroring for
surfaces and their copies
=
Template solid No.: e
EW /| Memb
|N0ne - | ‘:1 SMoErs
Load Cases
When rotating create between selected nodes and ) ) )
their copies: Copy including loading
() Straight lines Adjust nodal loads when rotating or
@ Arc lines ]
Duplicity Auto Connect
Allow double members Connect lines/members if they contact
[ ok ][ cancel

L5 4

Dialog box Detail Settings for Move/Rotate/Mirror
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6.1.5 Supports

To allocate the bearings of the model, we select the four boundary lines as shown in the figure.
Then we click the [New Line Support] button.

Selecting lines for supports

In the Line Support dialog box, we select the Hinged support type. After [OK], the supported
model looks as follows.

Solid model with line supports

.6 Solids 4&
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6.2 Loads

Solids can be loaded by the same loads as surfaces or member elements. Additionally, there
are specific loads for solids: Force, Temperature, Strain, Buoyancy and Rotary Motion.

6.2.1 LC1:Self-Weight, Uniform Temperature
We define a new permanent load case LC1, taking into account the automatic self-weight.
Next we create a solid load by clicking the [New Solid Load] button.

The New Solid Load dialog box opens. We select the load type Temperature with a Uniform
load distribution. The load magnitude is 200 °C. We confirm the input by [OK].

New Solid Load [

No. On Selids No. Load Type 'Temperature’
1

Load Type Load Direction

) Force Global: by
@ Temperature N
~ Strain 2) 2

) Buoyancy

_) Rotary motian... = Te positive - warming

Load Distribution Load Distribution ‘Unifarm’
@ Uniform

) Linear in
) Linear in*y'
) Linear inZ

Load Magnitude

Mode Mo. Magnitude
1 Te: 200005 x| ['C]
1 Te: =l]| [°C]
Comment
- =]
j ﬁ ak. ] I Cancel

. 4

Dialog box New Solid Load

We click the two solids one after the other to allocate the temperature load.
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6.2.2

We create the variable load case LC2.

LC2: Temperature Difference

Dlubal

In this load case, we define a solid load again. We select the load type Temperature with a
load distribution that is Linear in Z. The load magnitudes are between 0 °C and 50 °C. As ref-
erence nodes, we select two nodes that are part of the upper and lower surfaces, for example

nodes 3 and 11.

p
New Solid Load

No. On Solids No.

1 1

Load Direction
Global:

Load Type
() Force

@ Temperature

9

() Shrain @

() Buawancy

@)

() Rotary mation...

Load Distribution
() Unifarm

() Linear in %
() Linear in'y'
@ Linear inZ

Load Magnitude
MHode Mo,
Tst: 3 -

Magnitude

(o
(o

2nd: 11 -

Comment

=0

Load Type 'Temperature’

T positive - warming

Load Distribution 'Linear in Z'

I /"

4l

L

T E Tei

=

@) @)

(

Ok

I [ Cancel

.

Dialog box New Solid Load

We click [OK]. Then we select Solid 1 to allocate the solid load.

Solid load

ds
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6 Solids

6.3 FE Mesh

By clicking menu
Calculate — FE Mesh Settings,
we open the FE Mesh Settings dialog box.

Dlubal

We set the target length to 2 mm which is to be applied for the global mesh.

FE Mesh Settings

Mawimum number of mesh nodes

[in thousands) max 50015 FE mesh refinement along lines
[with type Plate 57" anly]

Members Fielationship Ap
Number of divigions for special ypes of I .
DENEES b o Integrate unutiized objects into surfaces
[cable, elastic foundation, taper,
I 103 10 N
potlre=it} Shape of finite Quadrangles only
| Activate divisions for straight members, which are not integrated elemerits: Triangles only
in surfaces, with concrete material categam group (necessam .
for nonlinear calculation) © Tiiangles and quadiangles
. /| Same squares where
Miniirriurn rumber of member posswbleq
divisions: 10k
] Activate member divisions for large deformation or Mapped mesh prefened
post-ciiical analysiz
Use division far straight members, which are not Solids

integrated in sufaces, with

rodss

Maximum rumber of elements
[in thousands):

V| Use division for members with nades lping on them

2EEn @

Refinement of FE mesh on solids containing clase

200

General Surfaces

Target length of finite < b aximum ratio of FE <
elements IFE: 2054 [mm] | rectangle diaganals A 1800 +| [
Maximum distance between a Magimum out-of-plane

node and a line to integrate it into < inclination of hao finite

the line € 1.0 [mm] lemerts o 05015 [

A

L1 " NS |

< T N

™ 4
S

Ap D2 1202

Option
Regenerate FE mesh on [OK]

Cancel

Dialog box FE Mesh Settings

If a warning appears, we confirm it with [Yes].

RFEMG4
! . Warming No. 929

Diztance <epsilon: iz boo large in comparison o the required length of FE.

Do you still want to continue?

RFEM warning
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6 Solids

VANSS

Dlubal

6.4

To start the calculation of all load cases, we click [Calculate All].

Calculation and Results Evaluation

After the calculation, RFEM shows the Solids entry in the Results navigator. It lists all calculated
stresses that can be displayed graphically.

Project Navigator - Results Y
I Global Deformations

& Solids

[EEP stresses . :

@ ox e = —
O oy = | 11
O o:
O w= 1
O ve T -
O' Ty s = I
O tmax ~ A= NERN
OF L| .
O oz
O a3 L
O a1z
O ovMises
O auTieses
O ovrankine
O ovacn 3
[EEP strains

[E]EP Plastic Strains
[V Criteria

[[]4" support Reactions
]V Distribution of load
(]2 Values on Surfaces

Solid Stresses Sigma-x [kMicm™2]
LC2: Temperature

[ ]

Results navigator: stresses and strains of solids

Unlike surface stresses, solid stresses cannot be described by simple equations. o, 0y, Oz, Txy, Tyz,
and T« are basic stresses that are determined directly by the solver. The principal stresses o1, 0,
and os are eigenvalues of the stress tensor. They are determined from the basic stresses.

The stress Tmax is determined according to the following formula:
max

1
=—-(0,—03)
5 \©1703

The equivalent stress according to von Mises is obtained from the following formula:

2 2 2 2 2 2
0\,:\/0)( +06,"+0,"—0,°6y,—0,'0,-0y, -0, +3:(1," +7,,” +7y,")

There are many possibilities to display the results of the solids. The figure above shows the
Isobands display option. The figure below shows the Isolines display option.

Solid Stresses Sigma-x. [kMizim*2]
LC2: Tempersturs

Isolines of stresses
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VANSS
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With the Solid Isobands display option, the results look as follows:

Solid Streszes Sigma-x.[kN.fcm"Q]
LC2: Tempetrature

-
-

(8}

Solid isobands

x Isobands i
& Isolines

Differences

Mo Zo@yr=8-28 82 o

solid Isobands |
Solid FE Modes

[, off

The next figure shows the results in the Solid FE Nodes.

B-2882 (v

Solid Stresses Sigma-x‘[kNIcm"?]
LC2: Temperature

Solid FE nodes

(M} Global Deformations
1@ Solids
[ Criteria
[J4" Support Reactions
[ Distribution ef load
=[] =) Values on Surfaces
&[5 Values
L@ 2 Sigmax
1O 2 Specific
S-[E 3 Settings

&[22 Extreme Values.

H 323 Of Total Model
33 Of All Surfaces
®33 Of All Solids
[#123 Minimum
[¥]23 Maximum

{ L[F23 Show only extremes

-)23 On grid and user-defined points

1. @33 On FE mesh points

L& Symbols

*.[] 2 Numbering

£..[] 29 Transparent

e Lo@4 =

. & Isobands

m Isolines

" Differences

Solid Isobands
|#f’ Solid FE Nodes

%'
[ off

There is also the possibility to display the result values of solids.

Solid Stresses Sigma-x [kNiem*2]
LCa: Temperature

Extreme values of solids
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7 Special Topics

4

Paolyline...

Arcvia Three Nodes...
Arcvia Center Node, Edge Node and &Angle...
Arcvia Edge Modes and Radius, Angle or Rise...

Arcvia Tangent Lines and Radius..,

».
H

e s N AN

Circle via Three Nodes...

Circle via Center and Radius...

Ellipse...
Elliptical Arc...
Parabola...

Hyperbola...

spline...
N

MNURES...

Trajectory...

MY ALO0 B0

fi
“

On Surface...

L

7.
7.1

Special Topics

Intersections

At first, we create a new model with the name Intersections.

7.1.1 Pipes

Dlubal

We draw two crossing lines by using the line type Spline. The result should look like this:

Crossing splines

From these lines, we create two pipes by clicking the [New Pipe Surface] list button.

& |

Q| Quadrangle (General 4-Sided Surface)...

’\b Rotated Surface...

& Pipe.. L\\,
¥ | B-Spline...

o

% Trajectory Surface...

List button for quadrangles, rotated surfaces, pipes etc.

In the New Pipe dialog box, we set Steel S 235 and enter the value 3 cm for the thickness d.

-
New Pipe

=)

Genera | Pipe

Surface No. Surface Type

1 Geometry: |l Fipe

Stiffness:

[ Standard

Material

W 2 | Steel 5235 | BS EN 1993-1-1:2005 -

LE®E

Thickness

Thickness d: [cm]

Comment

Dialog box New Pipe, tab General
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In the Pipe tab, we enter the radius 0.6 m. Then we close the dialog box by clicking [OK].
rNew Pipe E
General | Fipe

Surface No. Surface of Type 'Pipe’
1

Pipe Parameters

Center line No.: l:l
Radius r Im]

Lines Generated by Pipe

Optimize for Connection with Neighboring Surface

Surface Mo l:l Optimize:

(T

. A

Dialog box New Pipe, tab Pipe

We click the "horizontal" line to allocate the pipe surface.

Then we open the New Pipe dialog box again. This time, we set the radius to 0.4 m. After [OK],
we click the "vertical" line.

Pipes with different diameters
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7.1.2 Intersections

Now we select the two pipes and right-click them. On the context menu, we select the option
Create Intersection.

Edit Surface...
Delete Surface

FE Mesh Refinement

Create Intersection... l} |
Delete Intersection

Regenerate
Create Solid with Contact...
Extrude 3

Reverse Local Axis System

Split Surface...
Centroid and Info...

Move/Copy...

Rotate...

Surfaces context menu

RFEM creates the intersection.

We select the model again and then right-click it. On the context menu, we click

Component — Edit Component's Parent Surface.

Line 4
| Component 4 Edit...
K Delete Deactivate Component
ED Copy Chrl=C Activate Meighboring Componets
| tnsert Crl=V | Edit Component's Parent Surface D\? I
oa Move/Copy. FE Mesh Refinement 3
CD Rotate... Yy Create Intersection...

Component context menu
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VANSS
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In the Integrated | Components tab of the Edit Surface dialog box, we find a list with all the

surface components that were created by the intersection.

I's
Edit Surface

Surface No.
12 ‘

| General | Pipe [ Support / Eccentricity | FE Mesh [ Releases | Integrated / Componerts | Axes [ Grid

Integrated Nodes in Surface Options.

‘ [ Automatic object detection

Integrated Lines in Surface

A&

Integrated Openings in Surface

&

Active Surface C by

B/1-N2,L3, N12, L4, N12, L-3, N2, L5
6/2-N18, L8, N27, L-11, N27, L-8, N18, L-10
7/2-N27.18. N30, L12, N30, L-8. N27. L11
8/2- N30, L8, N22, L, N2, L-8, N30, L-12

WEGHEE
@] 4/1-L12

@ & @ (=) &)

&

Dialog box Edit Surface, tab Integrated/Components

We deactivate the components that we do not need (see figure above) to obtain the following

model:

Pipe model with deactivated surface components
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7.1.3 Supports

We assign hinged line supports to the model as follows:

Line supports of horizontal pipe

7.1.4

LC1: Self-Weight

Dlubal

We create LC1 where we take into account the automatic self-weight.

7.1.5

FE-Mesh Settings

In the dialog box FE Mesh Settings, we set the target length of the finite elements to 0.15 m.

r
FE Mesh Settings

General
Target length of finite <
elements IFE: 0.150!3"3 m]

Mazdmum distance between a
node and a line to integrate it into
the line &

]

Mazdmum number of mesh nodes

{in thousands) ma: 500
Members

MNumber of divisions for special types of

members

{cable, elastic foundation. taper,

nonlinearty): WDEI

Activate divisions for straight members, which are not integrated
in sufaces, with concrete material category group {necessary
for nonlinear calculation)

Minimum number of member —

divisions: WDH

Activate member divisions for large deformation or
post-critical analysis

Dialog box FE Mesh Settings

Surfaces

Maximum ratio of FE <
rectangle diagonals Ap: _1 EDDHB H
Maximum out-of plane
inclination of twa finite
elements e 05013k 11
[ FE mesh refinement along lines

{fwith type Flate XY only)

Fielationship Ap l:l [

Integrate unutilized objects into sufaces

Shape of finite (7 Quadrangles only
= () Triangles only
Triangles and quadrangles
Same squares where
possible
Mapped mesh prefemed

e |
~IFE
—
£
-
wl
T}
lo-—- Dz
= — '
D2
Option
Regenerate FE mesh on [0K] ‘
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i~
Isobands
m Isolines

| ﬂ Differences |

@ | Solid Isobands
£ | Solid FE Nodes

[, orf

7.1.6 Results

We calculate load case LC1.

Stresses Sigma-x + [khicm*2]

N\
LCA : Selt-wweicht ‘\
\

!
E
E
¥
i
i

Max Sigma-x +: 0.20, Min Sigma-x,+ -0.21 kNficm™2

Surface stresses Ox.+

VANSS

Dlubal

Then we display the surface stresses ox.+, for example.

Shresses
ax 4+ [kNAom? ]

B @ 4

Is the FE mesh fine enough? There is a useful function to answer that question: On the [Results
as Isobands] button menu, we select the Differences option which is only available for surface
stresses and deformations. Thus, the differences of the finite element results are shown in per-
cent.
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The figure below shows that the differences significantly increase in the connection zone.

We ought to refine the FE mesh in those areas.

Stresses Sigma-x + [%]
Let ’

— i i //
. \

Panel

T [%]

Mex Sigma-c,+ 65 97, Min Sigma-x +: 0.10 %

Differences of stresses O+

7.1.7 FE Mesh Refinement

Line

We define a FE mesh refinement for the connection line of the two pipes by using the context

menu of that line.

Line b P Edit..
Intersection b
K | Delete
Divide 3
Create Node "On Line’ L3
FE Mesh Refinement »
oy
% | Move/Capy...
¢h | Rotate... -
Mirors A SetParallel Line..,
3 C
Project... 4 Extrude Line into Surface...
Seale... Z
F
i | Shear..,
Centroid and Info...
Display Properties... —=  Result Diagrams...

Visibility by Selected Objects
Visibility by Hiding Selected Objects

Line context menu

Stresses

66.97
60.89
54.81
4873
4265
36.57
30.50
2442
18.34
1226
6.18
0.10

Max : BES7
Min 010

B Insert..

'
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In the New FE Mesh Refinement on Line dialog box, we click [New FE Mesh Refinement].

r )
New FE Mesh Refinement on Line &J
On Ne.
3 T

FE-Mesh Refinement

| &=

L 4

Dialog box New FE Mesh Refinement on Line

We select the Line - FE-Length option and then set the target FE length to 0.030 m.

r ~
Mew FE-Mesh Refinement ﬁ
Ho. Line No.
1 9

FE-Mesh Refinement Applied to
Node - circular
Node - rectangular
@) Line - FE length
() Line - division
() Line - gradually
Surface
Solid

Parameters

Target FE length: 003015 x| [m]

Comment

"=
@ ¥ @

Dialog box New FE Mesh Refinement

We click [OK] and calculate LC1 again.
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The differences of the stresses ox+ are much lower now in the connection zone.

Stresses Sigma-x,+ [%6]
LC1 - Self-weight

Panel X

Stresses
auq+ [%]

Max : 5355
Min : 008
Max Sigma-x + 5355 Min Sigma-x,+ 008 % - %

Differences of stresses o+ with mesh refinement for line

Surface

By applying the mesh refinement with the same element size of 0.030 m for the smaller pipe
surface, we can further reduce the maximum differences.

Streszes Sigma-x,y_e"[%]
_L_C1 : Selt-weight

Panel X

Shesses

an+ [%]
i 39.39
35.81
3224
28.66

21.50
17.92
1434
10.76
718
361
0.03

Max : 3933
tin 0.03

2

&
Is

Mz Sigma-x + 39.39, Min Sigma-x + 003 % . a

Differences of stresses o+ with mesh refinement for pipe surface

I RFEM Training Manual © 2016 Dlubal Software GmbH 2 1 7




'7 Special Topics / I\
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7.2 Singularities

7.2.1 Theory

What are singularities?

The phenomenon of the so-called singularities occurs in certain critical parts of an FE model.

Singularities are the locations of discontinuity in the distribution of internal forces, whereby a
smaller size of the finite elements increases the internal forces. If the mesh width approaches
zero, the internal force becomes (at least theoretically) infinite at the location of singularities.

In the reality, singularities are of no importance, since the specific boundary conditions which
are responsible in the first place do not exist in the real model. Therefore, a support is always a
(small) surface in reality. Single loads also need a surface that they can be applied on. In reality,
there are no "rigid" supports, too. Furthermore, the material is not ideally elastic, but yielding.

Where do singularities occur?
Singularities occur in case of:

e Node supports

e Line supports

e Single loads

e "Pointed" corners

How can we avoid singularities in the FE model?

e  Model single loads as surfaces loads
o Define support conditions with failure in case of tension or as springs
e Model node and line supports as surface supports ("column or wall")

e  Smooth "pointed" corners by arcs or straight lines

What can we do with unavoidable singularities?
o Allocate mesh refinements to restrict singularities to specific areas
e Ignore if the singularity is within the geometrical dimensions of adjacent component

e Usefilled opening

2 1 8 I RFEM Training Manual © 2016 Dlubal Software GmbH




7 Special Topics / I\

Dlubal

7.2.2 Example

First, we create a new model that we name Lug panel. Then we define the model as follows:

\om

AT

Z

1000.0 mm

Model and line load

Load case LC1 contains the self-weight and a line load of 250 kN/m (see figure above).
We set the target length of the FE mesh to 0.01 m.

After the calculation, we display the stresses o+ of the lug panel only. The singularities are
distinctly shown in the two corner points of the connection line.

Panel

Stresses
G+ KMo ]

Stresses Oy in lug panel showing singularities
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We right-click the surface of the lug panel. On the context menu, we select Split Surface.

Edit Surface..,
Delete Surface

FE Mesh Refinement 3

Create Solid with Contact...
Extrude 3

Reverse Local Axis System

Split Surface... k
Centroid and Info...

Move/Copy...
Rotate...

Mirror..

Surface context menu

2 cm are exactly half of the surface thickness. This means that any results closer than 2 cm to
the connection line are irrelevant. They can be ignored. Our surface is 200 mm long. Therefore,
the relative distance of a division must be 0.1 to obtain those 2 cm.

We specify the dialog box as shown in the figure below and then click [OK].

' ™y
Split Surface ==

Surface No.

2 ‘ - 1o

Lines Aand C Lines B and D \

No: [5-7 ] Mo: [5-8 -

Mumber of Mumber of

divigions: DEI divigions: 1 EI

Felative distance [-] Felative distance [-] El

o - I = .

w4 = w4 =

X8 = X8 =

o= S e g

%7 %7

%8 = %8 = ; \

%9 %9 -

2

l (0] 8 I[ Cancel ]

.

Dialog box Split Surface
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We assign a new material to the small new surface. The material has the same properties as the
basic material Steel S 235, but we name it "Dummy". Thus, we can select it easily.

fa ]
Edit Surface
General | Suppert / Eccentricity | FE Mesh | Releases | | i | Axes [ Grd |
Surface No. Surface Type
2 Geometry:  [[] Quadrangle -
Stiffness: [ Standard

Boundary Lines No.
561110 ‘ Surface thickness ‘Constant'

Boundary Nodes No. ‘

7.10;:5.7.5,6: 6,10

Material

M 3 | Dummy | BS EN 1593-1-1:2005 -
@)
Thickness
® Constant
Thickness d: frm]
©) Variable... ale
Comment

v‘
ok [ cancel

. S

Dialog box Edit Surface

We calculate the model again. The stresses oy look similar to the previous model with only
one panel surface.

Panel

Shresses
Gy ,+ [kMSom?]

848

Max : 8.48
Min @ -7.76

Stresses 0y in lug panel (two surfaces)
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In the Views navigator, we now deactivate the results of all surfaces consisting of the
"Dummy" material.

Visibilties

User-defined / generated:

=-[B] &8 User-defined
- 23 Groupe 1
=-[B] {28 Generated
t--[] [ Lines by Type
] 23 Lines with Support
[ 23 Surfaces by Eccentricity
[ 23 Surfaces by Geometry
[#] '8 Surfaces by Material
- [] [ 1-Steel 5 235
Do
|| 0 Surfaces by Stiffness
-] 20 Surfaces by Thickness

=]

[ &dd mew objscts inta visibility:
iQData 2 Display | 4 Views © Results

Views navigator

The following figure shows that the stresses o are significantly reduced.

Shreszes
G+ [KNAomE ]

[T 77]

Stresses Oy in relevant area of panel
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