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AUTOFDESK ROBOT STRUCTURAL ANALYSIS
SYSTEM CONFIGURATION AND GENERAL
INTERFACE OPTIONS

Setting working language and codes

Before commencing structure definition, one should set the working language and codes to be applied
in the project. On purpose to do that select Tools / Preferences option from the main menu and apply
the setting as shown in the picture below:

1 Preferences ul

=8 XX R S S =

;~Languages
Generd Parameters
View Parameters

- Desktop Settings Regional settings: [ Great Britain -
- Toobar & Menu

'E Printout Parameters i I
- Advanced Working language: (Engish - ,&

Printout language: [ English A ]

[¥] Update Preferences on exit { Accept ][ Cancel J I Help ]

\ A

Confirm the operation pressing the Accept button, then select from the main menu Tools / Job
Preferences option. Set the codes and actions as shown below:

P& Job Preferences
= ﬂ oo .* DEFAULTS v
=)+ Units and Formats
-omensers S s
Forces
~ Other Steel connections: EN 1993-1-8:2005/AC:2009 v [.es )
- Unit Edition
- Materials Timber structures: EN 1995-1:2004/A1:2008 - EZ:]
T4 Databases
[+~ Design codes RC structures: BS 8110 !
(- Structure Analysis S TN
- Work Parameters Geotechnical: BS 8004 -
- Meshing
[ More codes... ]
= Open default parameters I
Eﬁ Save current parameters as default l [ 0OK } [ Cancel ] [ Help ]
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Edit options that are useful in the process of structure

definition

Layout selection

It is necessary to select appropriate layouts in the process of structure definition. The layouts are
accessible by clicking the list box in the top right corner of the main window, which opens the layout list

shown in the figure below:

Selection

FA Start

FA Structure Model
A
A Nodes
— Bars
X SectionsbMaterials
X Supports
H3 Loads

Zii Results

X Steel Design

| 8 Timber Design

% RC Design

e By means of the mouse - if the selection with the mouse cursor is performed from the upper left
corner to the lower right corner, only the bars (objects) that enter entirely within the defined
rectangle will be selected; if the selection with the cursor is performed from the lower right corner
to the upper left corner, all the bars (objects) that enter, however partially, into the window will be

selected;

e By means of the list boxes in the top menu — it is possible to select elements (bars or nodes) by
typing the relevant numbers or selecting all the elements.

SN

e

H

7 o5

N

? i
o By means of icons: Bar selection :l Node selection ;'il (beside the list boxes) — this manner of
selection allows one to filter the elements to be selected.

The selected elements may be edited in a new window. To do so, one should press the Edit in New

Window icon @ - after selecting the required elements. There will appear a new window (viewer)
with the selected element. It can be closed by means of the Exit icon located in the recently open

window, or by clicking the End of Edit icon.

Context menu

While working in the graphical viewer, one may activate the context menu (shown below) by pressing

the right-hand mouse button.
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Cancel ]
Select
Preyvious Selection

| Q Window Ctrl+Alt+L
4 Pan

1 3 Redraw

<k Zoom All Ctrl+Alt+D

Snap Settings 4
o Display...
ER Tables..
B8 Screen Capture... Cerl+Alt+Q

Object Properties...

The menu allows one to perform many useful (and frequently used) operations while the program is
carrying out the formerly issued commands.

Tables

Structure parameters may be modified by means of the relevant tables. The tables relevant to the
current layout become visible, when one enters the layout. In order to be able to perform global edit
operations, one should use the View / Tables option from the main menu. There will appear the
Tables: Data and Results dialog box.

ETabls: Data and Results 2 e

\
k ] & Mades o
] =~ Baz I
7] T Propettics

1 1. Membzis and Code Goups
1 ¢ Groups of Objects

1 & Supports =
™ (! Rigid Links

] §y Oficet:

] & Geomstiical Imparfactions

1 #§ CostEstimaion
J # Loads

7 %3 Acided Masses
7] ;. Cenbivations

T £ Stessss ¥

T zhle apering mode

@ Full leble (sekection highlighted|
) Tatlefitered to curent selection

] [caCmeni] (imubiohs ]'J

In this dialog box, one should indicate the required items and press the OK button. A table containing
data will be generated for each of the indicated items. Once the Edit tab is activated in the bottom left
corner of a given table, one may perform the operation of modifying structure parameters.

Structural axes

It is possible to modify the position of structural axes during the design process. Once the Select option
is chosen (except when one is in the START layout), one should double-click the symbol (numbering)
referring to the required axis, which results in the appearance of the below-presented dialog box used
for structural axis modification.
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Snap settings

They become available once the w3 icon is pressed (the first one icon located in the bottom left corner
of the screen), which results in the appearance of the Snap Settings dialog box. Test the operation of
particular options.

Display of attributes

ma
The option becomes accessible once the IE] icon (the second one icon in the bottom left corner of the
screen) is pressed; as a result, there appears the Display dialog box shown below.

Dipiy : ==
Terpite; Sarcand T CEEXEH

% H
Syrboleze: [0 3] o 5:.’;"&":‘.:? ony fer |
[hee ] K [ | [ o] }

The available tabs allow one to get access to the data on structure parameters. This option is also
available from the main menu by means of selecting the View / Display command.

Default options

Once the g icon (the third one icon in the bottom left corner of the screen) is pressed, the program
restores the default attributes presented on screen.
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1. EXERCISE NO. 1 “DEFINITION OF A 2D STRUCTURE -
MIXED RC AND STEEL”

1.1. Structure geometry

1.1.1.Proposed model of a 2D frame

Proposed scheme of the frame (RC beam 300x600, columns 300x300).
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1.1.2.0pening a project

Open Autodesk Robot Structural Analysis and select structure type Frame 2D Design icon :
or, if Robot is already running, select the File / New Project / Frame 2D Design command from the
main menu.

1.1.3.Setting the codes

One should set the codes to be implemented in the project before commencing the process of
structure design. To do so, one should select the Tools / Job Preferences / Codes command from the
main menu and define the settings shown in the figure below:
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r = prom
FEl Job Preferences m
= E x % DEFALLTS -
- Units and Formats
';‘::g::es Steel/Aluminum structures: BS 5950:2000 -
‘?" Steel connections: EN 1993-1-8:2005/AC:2008  + [1es )
i -loads
G- Structure Analysis Timber structures: EN 1995-1:2004/41:2008 = E
i+ Work Parameters
- Meshing RC structures: BS 8110 -
Geotechnical: BS U4 -
= Open default parameters |
B Save current parameters as default I [ 0K ] I Cancel ] [ Help ]

1.1.4.Structural axes definition

Click the Axis Definition ﬁj icon located in the right-hand toolbar (or use the Geomefry / Axis
Definition command from the main menu), which opens the Structural Axis dialog box and define
structural axes. Introduce the required value into the Position field and set it into the Sef of Created
Axes field by pressing Insert button. Perform the operation for the following values:

— Set Numbering to: A, B, C... Tab X:-1;0; 6; 12; 13;
— Set Numbering to: 1, 2, and 3... Tab Z: 0; 3.5; 6.5; 7.5; 8.5;
Confirm by clicking Apply / Close.

1.1.5.Definition of section applied in the structure

Select the SECTIONS&MATERIALS layout by clicking the list box in the top right corner (or click the

Bar Sections ;_I icon located in the right-hand toolbar), which opens the Sections dialog box and
check presence of the following sections:

— C R300x300,

— B R300x600,

— UC 254x254x89,

- UB 406x178x54,
If the above sections are not present in the list of available sections one should define it.

To define a new section, one should press the New section definition EI icon, which results in
opening the New Section dialog box.

To define the C R300x300 section, one should:
— Set RC Column option located in the Section Type field,
— Set 300 in the b field,
— Set 300 in the h field,
— End the operation by pressing the Add button (the newly defined section appears in the Bar
Sections dialog box).

To define the B R300x600 section, one should:
— Set RC Beam option located in the Section Type field,
— Set 300 in the b field,
— Set 600 in the A field,

— End the operation by pressing the Add button (the newly defined section appears in the Bar
Sections dialog box).

To define the UC 254x254x89 section, one should:
— Set Steel in the Section Type field,
— Set Simple Catpro in the Dafabase field,
— Set UC in the Family field,
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— Set UC 254x254x89 in the Section field,

— End the operation by pressing the Add button (the newly defined section appears in the Bar
Sections dialog box).

Repeat the operation for UB 406x178x54 section then close the New Section dialog box. Close the
Sections dialog box.

1.1.6. Bar definition

Select the BARS layout by clicking the list Structure Model / Bars from the list box in the top right
corner (the screen will be divided into the View field, the Bars dialog box and the Bars table) and
define the following bars:

— Set RC Column in the Bar Type field,

— Set C R300x300 in the Section field (if it is not loaded automatically)

— Set the cursor in the Node Coordinates / Beginning field and then, in the graphic viewer View,
select graphically the beginning and end of the column by means of the coordinates of the
intersection point of defined axes:

B1-B2,
C1-Cz,
D1-D2,

Repeat the operation for the following bars:
— Bar type RC Beam,
— Section: B R300x600,
A2-B2,
B2-C2,
C2-D2,
D2-E2,

— Bar type: Column,

— Section: UC 254x254x89,
B2-B3,
C2-C5,
D2-D3,

— Bar type: Beam,

— Section: UB 406x178x54,
B3-C5,
C4-D3,

1.1.7.Support definition

Select the SUPPORTS layout by clicking the list Structure Model / Supports from the list box in the top
right corner (the screen will be divided into the View viewer, the Supports dialog box and the Supports
table) and define the following bars:

— Highlight Fixed in the list of supports

— Select Point/Node in the field Current Selection and set the cursor in the dialog filed,

— Go to the graphical viewer View, select with window the following nodes: 1, 3, and 5, (bottom
nodes of columns located on the axis 1). One may also type the relevant numbers into the
Point/Node field.

— Press the Apply button.

The program will apply supports to the three selected nodes, which will be displayed in the View
viewer.
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1.1.8.Load definition

Go to the LOADS layout selecting Structure Model / Loads option from the menu. The screen will be
divided into three parts: graphical viewer, Loads table and Load Types dialog box. Define the load
cases proposed above:

e DL1

— select Nature: dead in the Load Types dialog box
— type 1in the Number field and DL1 in the Name field; then, click the New button

List of defined cases:
No. Case name Nature A
-1 DL1 Structural sl

The program will define automatically the self-weight on all structure bars.

e DL2

— select Nature: dead in the Load Types dialog box and type Number 2 and Name: DL2, press
the Add button

— select the Load Definition gl icon from the right toolbar

— open the Uniform Load dialog box (| icon) in the Bar tab and type pz = -30 [kN/m] in the
edit field Z (column of p loads [kN/m]) then click the Add button

Robobat Polska Sp. z 0.0., ul. Radzikowskiego 47D, 31-315 Krakow, Poland
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r
8 Uniform Load

P
sidibliill}
Values 3
p (kN/m) ~J (Deg) |
X 000 o ] |
L T T S LT
Coord. system: (@ Global ) Local
[T Projected load
‘ "~ Loads on eccentricity
[_fdd || Cose ][ Hep

— apply defined uniform load to structure spans (bars 4,5,6,7,). Go to the Apply To field in the
Load Definition dialog box; the mouse cursor will change from the choice mode into the
selection mode. Then, indicate beams 4,5,6,7 in the graphical viewer (with the Ctrl button
pressed, click on the bars). The bar numbers will appear in the Apply To field. Confirm the
selection by pressing the Apply button

—= ‘ T ]
I Load Definition = 5 R

Case No:2:DL2
Selected:  Uniform load

Node | Bar | Sefweight and mass |

e
2| o 12| X

Applyto
&to7

[ 2oy J[ Cose ][ tHep |

LS -

Define uniform loads pz=-25 kN/m for roof beams 11, 12
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a ] B
o LL1
— introduce Nature: live, Number: 3 and Name: LL1 in the Load Types dialog box and click the
Add button

— in the Bar tab of the Load Definition dialog box, enter the definition of uniform loads on bars.
Introduce load pz = -10 [kN] then Add. Apply this load to elements 4 and 5

[e=mama

>

(@) =
(©) -
m

o LL2
— Introduce Nature: live, Number: 4 and Name: LL2 in the Load Types dialog box and click the

Add button.
— in the Bar tab of the Load Definition dialog box, enter the definition of uniform loads on bars.

Introduce load pz = -15 [kN] then Add. Apply this load to elements 6 and 7
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. = il i .
@ c @ (&
e wind 1
— introduce Nature: wind, Number: 5 and Name: wind 1 in the Load Types dialog box, confirm
with the New button

— go to the Load Definition dialog box. Open the Uniform Load dialog box in the Bar tab and
introduce the load px = 2,5 [KN/m] (make sure that the pz is equal zero), press Add. Select the
left columns (bar No. 1 and 8) in the graphical viewer

— go to the Load Definition dialog box. Open the Uniform Load dialog box in the Bar tab and
introduce the load pz = -1 [kN/m] check local system of coordinates button (make sure that the
px is equal zero), press Add. Select the left beam (bar No. 11) in the graphical viewer

[aZioeei00 75—

et PSR
pZ(loc)=-2.50 |
| pZ(loc)=-2.50 |
,,,,, = i i . i
& ® S o

\
s
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e wind2

— introduce Nature: wind, Number: 6 and Name: wind 2 in the Load Types dialog box, confirm
with the New button

— go to the Load Definition dialog box. Open the Uniform Load dialog box in the Bar tab and
introduce the load px = -2,5 [kN/m] {make sure that the pz is equal zero), press Add. Select
the right columns (bar No. 3 and 10) in the graphical viewer

— go to the Load Definition dialog box. Open the Uniform Load dialog box in the Bar tab and
introduce the load pz = -1 [kN/m] check local system of coordinates button {make sure that the
px is equal zero), press Add. Select the right beam (bar No. 12) in the graphical viewer

[en

n'n

|cui

n'n

At

[~

pZ(Ioc=2.50 |

i <

o g — T

A) (B) : : i : (B) (E) 171 kNim
nn an an An an ann an Cﬂ}ﬁﬁﬁ(WINDZ)

Loads can be modified graphically or in load table. Go to the Loads table. The Edit tab allows one to
modify the existing loads and define new ones.

& Loads
Case Load type List |
"""" 1:DL1 self-weight 1012 Whole structul-Z Factor=1,00 | MEMO:
a2 uniform load 87 Px=00 PZ=-15,00 |giobal not project.  |absolute BE=0,0 DZ=0,0 MEMO:
3L uniform load 45 PX=0,0 PZ=-10,00 |global not project.  |absolute BE=0,0 DZ=0,0 WMEMO:
| 5:wWIND1 uniform load 18 PX=0,0 PZ=250 local not project.  |absolute BE=0,0 DZ=0,0 MEMO:
S:WIND1 uniform load 1" PX=0,0 PZ=-1,00 local not project.  |absolute BE=0,0 DZ=0,0 MEMO:
| |6:WiIND2 uniform load 12 PX=0,0 PZ=-1,00 Iocal not project. BE=0,0 DZ=0,0 WMEMO:
6:WIND2 uniform load 310 PX=0,0 PZ=2,50 local not project. |absolute BE=0,0 0Z=0,0 MEMO:
= | [

Save structure under the name 3-loads
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1.1.9.Climatic load definition

Select the LOADS layout by selecting the command Structure Mode! / Loads from the list box in the
top right comer (the screen will be divided into the graphic viewer View, the Load Types dialog box

and the Loads table)

=S

Select Snow/Wind Loads 2D/3D % form right vertical toolbar. In the following window

- click Auto
- check Without parapets option
- set Total depth to 36 m
- set Bay Spacing 6 m
ew wu v ‘v ou o I iy -~ e ou P 2w
BE |
(D_ ;
% !
*\E) i e -t
BT i
o 1
(4] &
= SRR 1
{)E_? ''''''' oela DL s L -
B |E. Snow and Wind 20/30-ES-EN 1m—1—y4m@
z Envelcps:  1.2.3101% 11,65 E
© 4] Wihoat parapate |
¥ Voo < ! f|  [Wihout geviies
£ Tl Ewen s on grnd =
—-2 Tomldepth: 36 ) [@¥ina
i | Baymacng: 8 m (] Snow
= | (7] Duplay rore sharicad genertcn
KA Coee | | Pammaam Heo | i
":3'1 E; B ] T po—

- click Parameters
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[ Genemte | [ 30Genemtion | [ Cose || Cancel |[ Hep

[ B Snow/Wind Loads 20/3D - BS-EN 1991-1-3/4 NA:2005/2008 )
General parameters | Wind | Snow | Pemeabilty |
Basic wind velocity Vb.map {m/s) ( 2
Snow zone: [1
Altitude above the sea level: - m)
Structure age: [
P o200
Angle between direction of wind from left wn
and north direction: !
Distance from the sea coast: 50,00 tkm)
Structure dimensions o
Structure height: 8.50 (m)
Change of loads from uniform to nodal
() For all envelope bars
@) For bars from the list
List:

- after parameters definition for wind and snow we can create automatic climatic loads with Generate

option

Then program ask for which zone (according to EC ) loads will be generated

§WCNE frame selection ,
Load case list: @ Al
[W'nd Fr./Rear "I (©) Selected frames

0E=|

g =H

Following load cases will be created
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Lol s i .g
,Eilch-D.‘ls
Y >
- == . ]
27 : 2:)
loc)=-2.00' ﬁEiaﬂ;ﬁ
L= ; ] ; | ; ; 7 »
I @ (A} c) D} (E 1L knvm
80 80 -0 20 oo 20 dol B0 a0 Comes: S (Wind |/R pree. () Cpe = Frame )

Save structure as 3- climatic loads
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1.1.10. Load Combinations defined manually
Open 3-loads file

We can create load combinations using two methods. It can be done in manual mode or with use of
Automatic Combination option
While being in the LOADS layout enter the load combination definition dialog box:

i
— from the toolbar by pressing the Combinations icon or
— by selecting the Loads / Combinations command from the main menu

Combination Definition/Madifica... it

Combination number: 7

Combination type: ULS v]

Combination name:
COMB1

[ Parameters ]
)

ﬁ[ ok || GClose || Hep

Create a new load combination in the dialog box, i.e.:
— introduce Combination Name: COMB1
— check out Combination Type: ULS (ultimate limit state)
— set Nature: dead
— click the OK button

There appears a new Combinations dialog box that allows one to define and modify the factors of a
given combination.

Combinations . —— = | o )y
Combination: | 7: COMB1 ; ULS - .

Case list: List of cases in combination;
"
Nature: Factor Mo.  Case name

No Case name

1 DU

2 DL2

3 LL1

4 W2

5 WINDI

B WIND2 .

<<

< | - L

Factor: aulo
[ Factor defidion } | — ——
[ New ][ Change |[ Delete [ sopb ][ Cose J[ Hep
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Press the Factor Definition button and set the arrow to point the CAT A label. In the Factor edit field
introduce the new value 1.55 and confirm by clicking Change button. Close the dialog box by pressing
the Close button.

@ Combination Factors g <
Factor: 155
uLs Factor (4]
STAC 135 4
NSTR 135
= CAT A 1.5
CAT_B 1.50
CAT [T 180 B
< | m [0
“ L Close J[ Hep |

Move the 1 to 5 load cases to the List of Cases in Combination dialog box. By means of the _>.J
button, one can move each load case separately, or one can choose to move all the cases by means

of the 22| button. The first solution allows one to control the factors for each separate case i.e. one
may define the factor in the Factor edit field when moving a load case to the right. If the Aufo option is
set, the factor will assume the value defined in the Combination Factors dialog box

Confirm the creation of the COMB1 load combination by pressing Apply button. Then New
combinations can be defined

Define the next SLS combinations

COMB 2 (ULS 1*1.35+2*1.35+3%1.55+4*1.55+6*1.5)
And following SLS:QFPR combinations

COMB 3 (SLS:QPR) 1*1.0+2*1.0+3*1.0+4*1.0+5*1.0)
COMB 4 (SLS:QPR) 1*1.0+2*1.0+3*1.0+4*1.0+6*1.0)

Do not forget to press Apply after last combination definition
Manually defined load combinations can be medified in Combination table. Select Loads / Combination

Table from the main menu and change the load factor for case 5 and 6 | combinations 1 and 2 from
1.5 to 1.60 in the Edit tab.

.00 3 1.0 3150
i = {150

[l combinstion - Gases el [=]E e
= CouBt [ 135 | 135 3 [ = [ 154 [ | |
T 15 L —
it | 79777 LY COWB3 1 1. E| 1.ﬂ§| X135 4 1,01 El 1.0
i ] 10 E [ T
|

9iC) B (===

In order to save the project select File / Save As command from the main menu and set the file name
as 5-manuall combination.
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1.1.11. Load Combinations defined automatically

Open 3-loads file

Y |
While being in the LOADS layout enter the code combination definition dialog box @ :

— by selecting the Loads / Code Combinations command from the main menu
— select Full automatic combinations then More

K Load Case Code Combinations ﬁ

Combinations according to code: [BS-EN 1990:2002 N || .. |

) None / Delete

@ Full automatic combinations

() Simplified automatic combinations
") Manual combinations - generate

Estimated number of combinations: g2

omatic generation of all combinations. Combination types (ULS, SLS
nd ACC) are grouped into composed cases whose components include iq
bsequent combinations. Combination envelope cases (+/-) are also ;
erated.
It works only for linear cases and requires launching calculations. q

— select required combination types from Combination tab

(] Load Case Code Combinations EN 1990:2002
[Cases | Combinations | Groups | Relations| i
Extreme snow cosficient:
Combinations are calculated according to selected standards:
ULS W~ ULS STR -
@ ¥ SLS characteristic [CHR)
@ sLs V¥ SLS frequent (FRE) = |
v 5LS quasi-permanent (APR)
Fl acc [ acc accidental
[ ACC seismic = 11
] FIRE (i T »
[/] Full [ Simplified
[ <Back | [ Note | Help Generate

&

— by use of Generate create Code combinations
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Code combinations will be created after structure analysis and can be controlled in load combination
table (Loads/ Combination table option in main menu)

2ﬂ13 Nnanr Resa
i-_l

- -I in\ bl el ;

1 DL1
72:DL2
3:LLE |
2 E

35 +3M.50+ 4457

151.35+ .”lfl.ﬂllﬂﬁlliﬁJs‘
1%1.35 + 21,95 + 971,50 + 41,50 + 5°0
[REFaEAE
191,35 + 2135 + 371 12 SLS-

B 195 - 7135+ 31502501 1 L5 CHA

| [ue [EE TSk T Pl gtgg:g:

17125 + 27136+ 4"1.0 6 : SLSFRE

T1.35 + 21,35 + 4150+ =04 17 : SLSFRE~

191,35 + 241,35 + #71.50 + 570, 18 : SLSFRE-

1100+ 710073950+ 4494 15| S99 R

1°1.00 = 21.00 = 31,50 + #1350+ 501 21 - S AFR-

171,00 + 21,00 = 3150 + 471,50+ £°04 EmrphCalﬁ

1*1.00+ 21.i Cods Combirati
mEm o CC
91,00+ 21,00 + 3150+ 501 109

151 1N < 951 AN & 2%1 %N 4 AN GO

In order to save the project select File / Save As command from the main menu and set the file name
as 6-code combination
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1.2. Results analysis

Open 5-manuall combination file

Run calculations for the designed structure by means of the Analysis / Calculations command from the

main menu or by pressing the Calculations E icon.

1.2.1. Analysis of results in graphical form

Open the Results / Results layout. The screen will be divided into three parts: the graphical viewer

View, the Reactions table and the Diagrams dialog box.

Restore the default attributes of the structure view by clicking the 3& icon in the bottom left corner of
the screen. Supports, sections, numbers of nodes and bars and the dimension lines should disappear.

The Diagrams dialog box contains six tabs:
— NTM tab allows one to display the internal forces and moments

— Deformation tab allows one to visualize displacements and deformations

|

Stresses tab allows one to select a type of stresses
Reactions tab allows one to select a type of reactions

Reinforcement tab allows one to select the quantities the diagrams of which are fo be

presented for structure bars: theoretical reinforcement, real reinforcement, reinforcement ratio,

stirrup spacing etc.

B -4,61

6.0

14.0

Parameters tab allows one to set the parameters of diagram and description display

160

F
3

4= =i Dingramz o s

| Beagmons | Bentercemere | Panmete | 1

Togrorm descroton

mas  # ladals et

[ o [Local edromes =]

| 3 | '™

Pastres and nogeme vawe

B wdlaeined O ditetated
Floy
¥ fence filed

“lopen amew sendow [ Corstort scala

[

oz

0'0
|

uw SkNm -

Max=65,89
Min=-126.89
[

Coaces 7 (COMB1L

Additionally, the NTM, Deformation and Stresses tabs contain buttons used to change the scale of the

relevant diagrams:
- button that increase/decrease discretely the scale: Scale + and Scale —

— the Normalize button that sets the scale to assure that the diagrams do not extend outside the

graphical viewer and remain legible
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The Open a New Window option — located at the bottom of the Diagrams dialog box — allows one to
view the graphical results in a new window. If one selects only some of the structure elements in the
View window, then, only these elements will be visible in the new window.

Check out the Deformation option in the Deformation tab. Confirm the selection by clicking Apply.
Introduce the cursor into the Cases list box (upper toolbar) and change the load cases by means of
keyboard cursors (up and down arrows) and observe the results in the View window. If necessary, re-
scale the drawing by means of the Normalize button.

Prepare a screen capture for load case 7: Comb 1 — select the Screen Capture option from the context
menu (right-hand mouse button). Leave the default name and confirm by clicking OK.

Disable the display of displacements by switching off the Deformation checkbox in the Deformation tab.
Confirm by clicking Apply.

In the View viewer: select spans — indicate beams (with the left mouse button pressed) by dragging the
window-cursor from the top left corner to the bottom right one. Check out the Horizontal option in the
Diagram Description field of the Parameters tab. Then, click the Open a New Window option at the
bottom of the dialog box. Switch on display of MY moments in the NTM tab. Confirm by clicking Apply.

As before, look through the results for all cases — the Case Selection dialog box. Prepare screen
captures for the cases with combinations 7: Comb 1. Leave the default name. Close the window with
the diagram by means of the Exit button.

1.2.2. Analysis of results in tables

The following tables of results are available from the top menu, item Results:
— Reactions

Displacements

Deflections

Forces

Stresses

Open any of the tables, e.g. the table of displacements — Results / Displacements command from the
main menu. There are four tabs at the table bottom (the meaning of the tabs is analogous in the
remaining tables):

— Values — overview of displacements and nodal rotations

— Envelope — presents the maximum and minimum value of displacements and rotations for
each node; the value is select from the current selection of load cases (grey fields)

— Global Extremes — presents global maximum and minimum and the number of the node and
the load case for which the extreme value has been found

— Info — displays information on the total number of nodes and load cases including the
node/case number and the numbers of nodes and cases that are included in the table due to
the current filtering settings (Selection and Selected Number rows)

While the cursor is in the Displacements table, select the Filters option from the context menu (right-
hand mouse button). Set filtering according to load cases in the top left corner (i.e. select Case in the
combo-box). Then, highlight 7: COMB1 in the dialog box with load cases, confirm the selection by

pressing the button with two black arrows " The case number will be introduced into the edit field
located over the black arrows. Highlight the 8:COMB2 case and add it to the selection by clicking the

button with a black arrow and a green plus sign I‘!I Close the dialog box.
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1.2.3. Detailed analysis of bars in graphical form

Select the Table Columns option from the context menu. Check out the display of RY rotations in the
Displacements tab. Go to the General tab and click Coordinates in the Element Data Selection field.
Confirm by clicking OK.

While the cursor is located in the Values tab, prepare a screen capture — select the Screen Capiure
option from the context menu. Leave the default name and press OK.

Go to the DETAILED ANALYSIS layout (Results / Detailed Analysis). The screen will be divided into
two parts: the View graphical viewer and the Detailed Analysis dialog box.
The Detailed Analysis dialog box consists of five tabs:

— NTM —displays internal forces, moments and displacements

— Stresses — displays stresses

— Reinforcement — displays reinforcement

— Parameters — sets the parameter of diagram and description display

— Division points — that tab allows one to select the characteristic points on a bar for which the

results will be presented

Indicate the left span in the View window. Check out the Open a new window checkbox at the bottom
of the dialog box. Press the Apply button. The currently, opened window is divided into two parts: the
top one contains results in graphical form, while the bottom one displays the results in the form of a
table.

Click the maximum — S max option in the Stresses tab. Activate the display of horizontal descriptions in
the Parameters tab (click Horizontal in the Diagram Description field). Confirm the selection by clicking
Apply.

Go to the Division Points tab. Click the N points along bar fength option and type 10 in the field beside.
Press Apply. The window with results will display results (S max stress values) for 10 points evenly
distributed over bar length.

Check out the characteristic points option in the same tab. Pressing the Refresh button will result in
introducing into the dialog box the coordinates of the points for which the maximum and minimum
values of S max is obtained (MIN S max x =... (m) and MAX S max x = ... (m), as well as the beginning
and end points of the bar (origin and end). Once the Apply button is pressed, the results for the four
characteristic points will be introduced into the results window.
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It is also possible to display the results for the user-defined points. To do so one should click the
relative checkbox in the Division points tab. Introduce x = 0.4 in the edit field. Press the Add button.
The user x = 0,4 row will be added in the dialog box below. By analogy, introduce the points with the
following coordinates: x = 0.5 and x = 0.6. Confirm by clicking Apply.

) N points along bar length: P
) N points on calc. elem.: 2
@ Characteristic points

#= 05  [ml [[]Relative

71Bar 4 origin

7| Bat 4 +/- MY %=0,55 (m)
V| Bar 4 MAX MY x=2,88 [m)
| Bar 4 +/- MY x=5,30 [m]
7| Bar 4 MIN MY #=6,00 (m)

|Bar 4 end

(_Refiesh ][ Delte [ add ]
[7] Open a new window

[ Aeoy ][ Cose ][ Hep |

Select case 7:COMB1 in the Case Selection combo-box. Go to the Defailed Analysis combo-box and
press the Refresh button and then the Apply button.

Go to the window with graphical results and prepare a screen capture with the default name. Close the
window by pressing Exit.

In order to save the project select File / Save As command from the main menu and set the file name
as 7-results
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1.3. Preparation of a document for printing

1.3.1. Printout composition

Select the File / Printout Composition command from the main menu. The Printout Composition —
Wizard dialog box consists of four tabs:

— Standard — allows one to add standard positions to the printout composition, i.e. structure view,

information on nodes, bars and loads, e

Brirtout Comperition - W1 NN : —

Standard | Scieen Captures l Templates I Simplilied w“ﬂu{‘ |l
Available report corpanents: [E]@@ @ E :‘ f

[ 1] structure view =

Data - Nodes | [ m=mmeme

Data - Bars e

Data - Sections

Date - Materials

Data - Suppaits

Data - Stories

Loads - Case:
Loade - Valuee

| Combinaions ____ ...
Reactions - Values
Reactions ULS: global extremes
Disglacements - Values
Dispacements SL5: global extremes: l

Foross - Envelope

Menber Forces ULS: envebpe
Stresses - Glcbal extremes: i
Eigenvalues

Starizs - Displacements
Storizs - Reduced farces

Members - Definition -

[_Fagr.-.Sn_:q.p][ Praview ]ﬁPrinl | I Save ]E

—=

— Screen Captures — allows one to add user-defined screen captures to project documentation

— Templates — allows one to use ready-made templates containing certain standard elements;
the tab allows one also to save a user-defined template under an arbitrary name; the template
must be created in the Simplified printout tab

— Simplified printout — allows one to create a template by selecting and filtering the relevant
components

Go to the Simplified printout tab. The left-hand panel of the dialog box contains elements that may be
introduced into the final printout. Each item is accompanied by a checkbox that may assume one of the
following three states:
™ — means that the element will not be introduced into the final printout
¥ — means that the element will be introduced into the final printout with all its components (all the
components of this category will be displayed - filtering will be disregarded)
¥ — means that the element will be introduced into the final printout but only the filtered
components will be recognized

1.3.2. Filtering of the components

A radio button located to the right (Filtering for) accompanies each of the elements in the left-hand part
of the dialog box (Available report components). Clicking a radio button activates one of the four fields:
Nodes, Bars, Cases, and Modes. For instance, to filter the components "forces: values”, one should
click the radio button to the right of the component. These results in activation of the following fields:
Bars, Cases and Modes.
Uncheck all the check boxes, leaving only the following components active: Bars, Loads and forces:
values. Before filtering the components Loads and forces: values grey them out, or the program will not
recognize our selection:

— filtering of Loads components — click the radio button and introduce 1to7 in the Cases field

— filtering of forces: values components — click the radio button and introduce 1to4 in the Bars

field and 1to3 in the Cases field
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Once the Save template button is pressed, the program automatically goes to the Templates tab. The
tab is divided into two panels. The left one contains the names of standard templates. The right one
contains the components that will be included in the final printout, i.e. — in our case — the components
defined in the Simplified printout tab.

Create a new template by clicking the New button. Introduce the name "My template” in the left-hand
panel and confirm by pressing Enter. Highlight the newly created template. Save the template by
clicking the Save button.

The top right corner of the dialog box contains a toolbar with icons. Press the Delete all components

ﬂ icon. Then, click the "My template" template in the left-hand panel and press the Open button.
Thus, one can check if the template has been created correctly.

VEE, Printout Camposition - Wizard o ] 11 S E
Ctandad| SawenCopwes] ST Swgbodpwiod] .
Avdilable Templates. EE@I‘%@ E IE E

Dala

Results ;

Tivhar Design |

Stesllimrum Desgn

Steel Cornecticns <Sare
<New

Fama)(e) (] (= BES

Go to the Screen Captures tab. Indicate the screen capture named "Capture 1" and move it to the
right-hand panel by clicking the Add button. Then, move the screen capture to the top of the printout
composition list by means of the black arrows from the toolbar.

¥ iessaas.

Comment: There is the . checkbox over the Add button. I is checked out by defaulf.
It means that the elements added to printout composition will be located in separate
pages.
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While the right-hand panel is active, one may activate the context menu. Indicate Loads component
and activate the context menu by means of the right-hand mouse button. Uncheck the Start on a new
page. Thus, the Loads component will be placed on the same page as the Bars component.

Go to the left-hand panel and indicate all screen captures apart from "Capture 1" (click the selected
elements with the Ctrf button pressed). Uncheck the checkbox imposing location on separate pages
(the one beside the red dashed line). Move the screen captures to the right by means of the Add
button.

Indicate the component "View — Deformation; Cases: 7 (Comb1)". Select the Start on a new page
option from the context menu. There will appear a dashed red line indicating that the given elements
start at a new page. Reopen the context menu and select the Note before option. Introduce a text in
the opened editor, for instance: "Results in the graphical form". Close the editor by confirming the
message on saving the changes.

Indicate the first components in the list, i.e. "Capture 1", and select the Title option from the context
menu. Change the drawing name in the opened editor to "Structure — Frame 2D". Save changes by
means of the File / Save command from the main menu of the editor. Close the editor.

Printout Composition - Wizard %}

Standard | Screen Capture: | Templates | Simpified printoul]
Availatle report cemponents: E @E@EE
Struciure View - capture 1
Data- Nodes | B = Data - Nodes
Data-Bars —Add Data - Bars
Data- Sections 2 Reactions - Values
Data- Materials
Data- Supports
Data- Stories << Standard
Load: - Cases
Loads - Values i

| Combinatons
Feactions - Yaluss

Reactions LULS: global extremes

Displacements - Values

Displacements SLS: global extremes

Forces - Envelope

Member Forces ULS: envelope

Stresses - Global extremes

Eigenvalues

Stories - Displacements

Stories - Reduced forces

Members - Defintion -

'[PageSetupH Prwiew“ Print J I Save I@ Close

——

Print the created document. Press the Print button at the bottom of the dialog box. Close the Printout
Composition dialog box.

Using the File / Save As command from the main menu save the file under the name Exercise 1-
printout composition.
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2. EXERCISE NO. 2 "DESIGN OF STEEL MEMBERS"

2.1. Open the 7-results file

2.2. Definition of code parameters for particular
structure members

In order to define code parameters, one should select the Design / Steel members design option /
Code parameters command from the main menu. Once the dialog box is open (see the picture below),

click the Newm icon.

{ B MemberType -85 505.. = = | R
DX RREE ¥ e

Simple bar |
Column [
Beam

X Delete

|-|

I.Ee.s!&ass O

o) (s

J{

Hep |

L

2

The operation results in opening the Member Definition — Parameters dialog box (see the picture
below) where one should define the following settings:

— type Beam 1 in the Member Type field

— check out the Coefficient option in the Buckling (Y-axis) Member Length |, and Buckling (Z-
axis) Member Length I;fields

| I Member definition - parameters - BS 5950:2000
Member type: Beam1 S
Buclding {y zds) Buckling (z axs)
Member length Ly: Member length Lz:
.:T:. Real = ‘i:, Real sackose ot
@ Coefficient 100 @ Coefficient s
Buckling length coefficient Y: Buckling length coefficient Z:
Ley/ly: 100 L Lez/lz: 100 o
E:l::ingj ato  ~ CB::.IJI"C\:I{S rlg: ado ¥
Lateral buckding parameters
Lateral buckling length coefficient
Lat. buckling type: |4, 5 9length
— EUpperﬂmge] [Lowerﬂmge]
WLT: Ao ‘t.ll le=L Le= L
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In the Buckling leni h coefficient field select the coefficient for directions Y and Z. To achieve this, one

should click the icon, which results in the appearance of the dialog box (see the picture below)
that allows one to select the buckling length coefficient.

Buckling types

DEEEE =
iR X

it}

(@ Sway structure
) Non-sway structure

| P ‘ Y |

By clicking the appropriate icon, one should select the coefficient 1.0 (first icon from the left in the first
row). Once the selection is done, close the dialog box by clicking OK button. Then, perform the same
operation for direction Z.
Define the parameters of lateral buckling type in the Lateral Buckling Parameters dialog box:
— Define the lateral buckling type by clicking the icon Lat. Buckling Type within the Lateral
Buckling Parameters field. It results in the appearance on the screen the dialog box (presented
below) where one should select the Element Loaded Symmetrically option

"4 Lateral buckiing type - BS 5950:2000... B |
,li,l,i Element Ina:i;d
4 [ Concel ]

e
No lateral buckling

Once the selection is done, close the dialog box by clicking OK button.

Define the effective length coefficient for beam by clicking the icon: Upper Flange (do the same with
Lower Flange). Once this is done, there appears the dialog box where one should select the third
option in the first column (see the picture below).
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4 Effective length Le for beams [Table 13] - BS 5950:2000 - BS 5950:2000 u

LOADING CONDITION
Normal Destabilizing

CONDITIONS OF RESTRAINT AT SUPPORTS

Pat. torsional restraint against rotation about long. axis =~ )
Compression flange laterally unrestrained @ 1.2L+2D @ 1.4L+2D
Both flanges free to rotate on plan

Pat. torsional restraint against rotation about long. axis -
Compression flange laterally unrestrained )1.0L+2D ™1.2L+2D
Both flanges free to rotate on plan

Norinal tors. restraint against rotation about long. axis

Compression flange laterally restrained @1.0L @121

Both flanges free to rotate on plan

Nominal tors. restraint against rotation about long. axis - o

Compression flange laterally restrained @ 08sL @1.0L

Compr. flange partially restrained against rotat. on plan I

Nominal tors. restraint against rotation about long. axis ~
Compression flange laterally restrained ©osL @095L
Both flanges partially restrained against rotation on plan

Nominal tors. restraint against rotation about long. axis R .
Compression flange laterally restrained ©075L @osL
Compr. flange fully restrained against rotation on plan

Nominal tors. restraint against rotation about long. axis

Compression flange laterally restrained oo7L 0851
Both flanges fully restrained against rotation on plan

©) Intermediate restraints @) User-defined  |1.00

G e —————— — — - - =

Once the selection is done, close the dialog box by clicking OK button.
Once the above parameters are defined, one should select the More button in the Member Definition
— Parameters dialog box in order to determine additional parameters. There appears the Member
Definition — Additional Parameters dialog box where one should define the following settings:
— In the Calculation Parameters field: leave the default values of parameters as shown in the
picture below

-
2 Member definition - additional parameters - BS...

Equivalent moment factor 9

myfactor= Auto

| mefactor= Ato I::I
,4 !

Section factor ¢ension)

Ae/Ag ratio = 1.00 |
Section factor (shear)

Avnet/Av ratio = 1.00

Themal treatment (RHS sections)
Hot finished pipes

— Define the Ae/Ag r Ratio = 1,0 in the Sections Parameters field
Once the selection is done, close the dialog box by clicking OK. Press the Service button, which
opens the Serviceability — Displacement Values dialog box (see the picture below). Check out the
check boxes referring to the Member deflection options in the Limit Displacements field.
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£ Senviceability - Displacement Values - BS 5950:2...

Limit displacements
Member deflection [local system)

Y=L/ 2000 @ 2=t/ 2000
[] Cantilever
Node displacements [global spstem)

=

Members with camber

F Check of displacements with camber
considered

(@) User-defined camber

=

%=L/ 1800 7] Y=L/ 1500 [

0 | iyl

Automatic camber
[additional parameters may be found in
the dialog bow for caloulation

configuration]

Help

~

Confirm the above settings by clicking OK. Save the above settings by clicking Save in the Member
Definition — Parameters dialog box. Then, close the dialog box by clicking the Close button.
In the Member Type dialog box, there will appear a new type of element: "Beam1™.

In exactly the same way we will define parameters for columns in “Column 1 “ set of parameters

For buckling length we will use automatic procedure of buckling length calculation in Ly direction and 1

in Lz direction

2 Member definition - parameters - BS 5950:2000

| 22

Lateral buckling parameters

Lat. buckling type:

Member type: Column
Buckding fy axds) Buckling (z axis)
Member length Ly: Member length Lz:

i) Real - ) Real

== 1. = )
@ Coefficient e @ Coefficient 1.00

Buckling length coefficient Y: Buckling length coefficient Z:
Ley/ly: Auto | etz 1 Ji
Buckling ———  Buckling Pt
curve Y: ato v cuve Z: auo v

Lateral buckling length coefficient

[ Upper flange ] [Lowerﬂmge ]

mLT: Auto

=

le=L le= L

Save

Close

g £

[

[

Then for Service maximal node displacement will be defined
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et

2 Serviceability - Displacement Values - BS 5950:2... SRS

Limit displacements
Member deflection {ocal system)

=gl Y=L/ 200 Z=L/ m

Cantilever
Node displacements (global system)

X=L/ 150 Y=L/ 150

Members with camber
Check of displacements with camber
considered
(@ User-defined camber
= |0

Automatic camber

[additional parameters may be found in
the dialog box for calculation
caonfiguration

| uz= |0 o

8

In the Member Type dialog box, there will appear a new type of element: "Column 1".

2.3. Assigning parameters to elements in a structure

Parameters may be assigned in:
— The Member Type dialog box: it allows one to indicate the defined element type and set the
cursor in the Lines/Bars field. Then one should go to the graphical viewer and indicate the two
structure beams, while the Ctrl button is pressed. Confirm by clicking Apply and close the

dialog box by clicking Close.

— The table available from the main menu by means of the View / Tables / Bars command. Once
the table is open, one should set the cursor in the appropriate field of the Type column and

select the defined element type in the unfolded combo box.

“Column 1” should be assigned to elements 8 9 and 10
“Beam 1" should be assigned to elements 11 12

- . Definition tables
r e | ——— e - e ——— R —— —
- Member | Name Components | Codegroup | Sechion Type Ly (m) Lz (m)
[ RC Column_1 1 (N/A) | R300x300 RC Column (NIA) (NIA)
2 RC Column_2 7 (N/A) | R300x300 RC Column (N/A) (NZAY
s RC Column_3 3 {N/A) | R300x300 RC Column (NIA) (NIA)
4 RC Beam_4 4 (N/A) | R300x600 RC Beam (NIA) (NIA)
S RC Beam_5 5 (N/A) | R300x600 RC Beam (M) (N/A)
3 RC Beam_6 3 {NfA) | R300x600 RC Beam (N/A) (NIA)
TR RC Beam_7 7 (N/A) | R300x600 RC Beam (NIA) (NIA)
Ty e Column 1_8 8 (NIA) | 4x254x89 Column 1 3,00 3,00
SEC) Column 1_9 g (MN/A) | 4x254%89 Column 1 5,00 5,00
T, VA Column 1_10 10 (N/A) | 4x254x89 Column 1 3,00 3,00
1" Beam1_11 1 (NJA) | Bx178x54 Beam1 6,32 6,32
12 Beam1_12 12 (NIA) | Bx178x54 Beam1 6,08 6,08
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2.4. Structure calculations

In order to perform calculations of the structure, one should select the Analysis / Calculations

command from the main menu or click the ;%l icon from the upper toolbar.

2.5. Entering the Steel Design layout

In order to enter the layout, one should unfold the combo-box in the top right-hand corner and select
the Structure Design / Steel /Aluminum Design option. The screen will be divided into three parts: the
View graphic viewer, the Definitions and Calculations dialog box (see the picture below).

@. ﬁ@@.lﬁ XE Qﬂ ﬂﬁ Ei:}a Q‘H¥ nﬁ-’#ﬁ Bl Soviemntmn
A 2 et @ W 5:-4'—
VI Veow's Coves 2 10011

-4 =20

|8

2.6. Member verification

Check out the Member Verification option in the Calculations dialog box. In order to select members,
one should click the List relevant for a given option and, once the Member Selection dialog box is
open, select all the bars by clicking the All button and then close the dialog box by clicking Close.

Click the Load Case Selection button in the Loads field and in the dialog box with the same name
select all load cases by clicking the All button. Once the selection is done, close the dialog box by
clicking Close.

Analysis will be carried out with respect to ULS (internal forces) and SLS (deflections). Therefore, one
should select the Ultimate and Service options in the Limit State field.

In order to define the verification parameters, one should click the Configuration button. This results
in opening the Configuration dialog box (see the picture below) that allows one to define the following
calculation parameters:

— Points Number set for 11,
— Efficiency Ratio set for 1.0,
— Maximum Slenderness set for 210,

Leave the default values of all the parameters.
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=
2 Configuration
Calculation points
|g Number of points: @ i
Characteristic points
Calculation parameters
Efficiency ratio: 1.00 ;

| [¥] Maximum slendemess:  210.00 il

Components of complex bars are
not taken into account

[ Exclude intemal forces from calculations

i

L

; Units of results
(7) Code @ Robot

Camber

Take the deflections from the

following case into consideration:

1 DU

Close the dialog box by clicking OK.

In order to launch the verification process, one should click the Calculations button. The program will
automatically verify the selected sections and, once the calculations are finished, there appears the
dialog box presenting the verified members (see below).

B BS 5950:2000 - Member Verification (SLS; ULS) 8tol2

—

One may carry out editing of the results:

! Results | Messages
I 8 coumn1_a |M|ucazsaxesax| s27s 45c58| 4576| 029 8 COMB2 - '
!; 9 Coumn1_9 |M| UC25&x25¢x| 5275 go53| 7628| 038 7 COMBI e
10 Column 1_10 || UC 254x254x|  S275 2003| 4576| o033 7 COMBA | Analysis | [ Map |
11 Beami_11 || UB 406x178x| 5275 240 | 16442| o082 7 COMB1 kit
12 Beami_12 || UB 408x178x| 5275 3693| 15813| 0.80 8 COMB2 Diviion:  n=11
Edremes none
< | ? m — r Additional:  none

— For all the members simultaneously — by means of the Calc. Note option. There appears the
Printout dialog box (see the picture below). Select here the Table Printout option. Thus, we

obtain a table with all the verified elements.
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S ——— e T
£ Calculation note
List:
Operation type
(@ Simplified note
) Full note
{©) Save table 1
|
Label: | | _ﬂl
{| o) [Ccareel ] |
: SRR S e I e Y s S A N S B L T N N _M
It is also possible to save all the detailed data to a file. This can be done by means of the Full

printout option.
By means of the Table screen capture option, one may obtain a screen capture of the table of
results. In this option, one has to define additionally the Label name.

— For single members — by clicking the row with the calculated member in the Member
Verification dialog box. There will appear the Results dialog box presenting detailed results
(see the picture below).

4F RESULTS - Code - BS 5950:2000 -
+-z ¥ m mn OK | ° ‘
"L — Bar: 11 Beam1_11 ! 5
Point / Coordinate: 1/x=000L=000m =
UB 406x178¢54 > Load case: 7COMB1 (1+2)°1.35+(3+4)"1.50+5°1.60
- - = I-_C."':ange
Simpified results | Displacements | Detailed resuits |
INTERNAL FORCES
Fc =85.23kN My = -77.74kN'm
Mt =-106.76 kN°m Mymax = -106.76 kN°m Fvz = 103.87kN :
mit = 0.67 my =071 i
-—Foroes
CAPACITIES
Pc = 1897.50kN Moy = 285.03 kN°'m
Section class =1 Mey = 255.74 kN'm Pvz =511.50kN
LATERAL BUCKLING
A, le=6.32m u=087 LamLT = 12145 pb =93.83 MPa
| x=3832 v=0285 NLT =061 Mb =58.62 kN'm |
BUCKLING Y BUCKLING Z
Ly=632m pey = 1372.30 MPa lz=632m pez = 74.85 MPa
7] ley=632m Fiy = 852.80 MPa 7 ] lez=632m Fiz = 194.21 MPa
L50 § Lamy=38.40 py = 261.29 MPa Lamz = 164.42 pz =63.31 MPa —
ny =0.04 Pey = 1802.89 kN nz =052 Pcz = 436.83kN
|| | SECTION CHECK
Fo/Pe + My/Mey = 0.31<1.00 (4.832)
Fvz/Pvz=020<100 (423
MEMBER STABILITY CHECK
Fe/Pey + (140.5°Fc/Pey)'my"Mymax/Mcy = 0.32 < 1.00 (4.8.3.3.2)
Fo/Pez +mit*Mit/Mb =092 < 1.00 {4.8.3.3.23)

s D = e e - o ———

One may obtain detailed information concerning a given section on the tabs: Simplified resulfs and
Detailed results (and the Displacements tab in the case of beams where displacement is also
calculated).

Save file as 8-verification
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2.7. Definition of groups for verification and optimization

In order to define a group, one should go to the Groups tab in the Definitions dialog box and click the
New button. Thus, a group No. 1 is created.
Type the name of the group — "Columns" — in the Name field and introduce members 8to10 into the
Member List field.

Click the Sections bution and select the sections to be recognized during the verification and

design processes:

— Select the UK sections database in the Databases field,

— Select in turn the sections UC in the Section Families field, (selected sections are loaded to

the Selected Sections field; thus, they will be recognized during the process of verification),
— Close the dialog box by clicking OK. '
In the material field select the S275 steel type

Save all the settings in the Definitions dialog box by clicking Save.

"X Selection of Sections

Standard I
F < ol o T [
Databases: Section families:

IluBP

W & l
Fl-IC

Simple Catpro -

ol ATmS AN

Sections: |
UC 356x406x287 |

Z I UC 356x406%340
; Il UC 355%406%393
j Wl LIC 356x406x467

_ , Wl LIC 356x406x551

UC 356x406x534

Selected sections:

UC 152x152x23 -
UC 152x152%30 |j
[ Delete selection | UC 152x152x37
UC 203x203x46
[ Delete all ] UC 203%203x52
UC 203x203x50 -

Lok ] (coCom | [Lotee ]

In order to create the second group, one should click the New button, and type Beams in the Name
field. In the Member List field enter the beams numbers (i.e. 10,11). By clicking the Sections button,
make the sections: UB available for verification. Close the dialog box by clicking OK. Save the settings
by clicking Save.

2.8. Group verification

In order to verify the created groups, one should switch to the Calculations dialog box and select the
Code Group Verification option. Group verification is carried out only for the ULS. Then, one should
define numbers of groups that will be verified — in this case 1 and 2 and all load cases. Run
Calculations. Group verification is then carried out.
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2.9. Group design

Indicate the Code Group Design option in the Calculations dialog box and type group numbers (No. 1
and 2). Click the Calculations button. In the Code Group Design dialog box, there appear the
sections selected for each group, formerly made available for verification during the group definition.
Once the results analysis is done, close the dialog box.

In order to carry out optimization, one should click the Opftimization option and then press the
Optimization button, which opens the Optimization Options dialog box. This dialog box is used to
determine the parameters of calculations performed on member groups with the optimization options
taken into account. From the available options select the Weight option. Switching this option on
results in recognizing section weight in optimization, i.e. the program will look for the lightest section in
the group from among the sections that meet the code-defined criteria. Confirm the operation by
clicking the OK button.

8 BS 59502000 - Code Group Design (ULS)12 . -

Code group: 1 columns
W] uc 152x152x37 11041 | 12815 1.66
2 Column 1_2 . UC 203x203x46 S278 86.11 97.37 0.84 8 Comaz
M| uc 203x203x52 8480 Q.85 0.81 C ion poirils
Code group: 2 beams Division: n=11
UB 305x165x46 4870 | 161.88 1.16 Etremss:  ncne
11 Beam1_11 M| us 30sx165%54 218 43.50 160.80 0.53 7 COns1 Addttional: nene
. UB 3E8x127x32 4518 | 24524 3.0

Launch calculations. The program will carry out the design calculations with section optimization. From
a set of sections, the program selects the most optimal one with respect to weight. Clicking the Change
All option results in exchanging the section applied during the design process for the optimized
sections.

Close the design dialog box and run the View / Tables / Bars command from the main menu. Check
the correctness of the operation of exchanging sections after optimization.

jici}

R —— e ' il X vﬂ
A T A P

TA B
B

e
2@

" Cade prown: 1 columna

H| 9 coumis [ 575 wis] srav) os1 (=
| UE 2% 7] osss] a7

|
| [ Code oromo: ¥ beams
|

1" Besmi_t1 ﬂ
5

[ | | I T T | | Crange ol
¢
Do
[

wso| thesr] 1er Eanner: core
sas | @] wes] 9ss|  7cown fodtional:  rore

sast| mem| w0

B R300x600
——C R300x300
—UEBSBx“IﬂxS?
~—-U62631203115

Save the structure under the name S-optimized.
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3. EXERCISE NO. 3 "DESIGN OF STEEL CONNECTIONS"
3.1. Open the 9-optimized file
3.2. Definition and verification of steel connection

In order to define steel connection in model, one open the Design / Steel connections design
command from the main menu. Once the option is called Steel connection layout will be opened.

indow Help

Community

EBEER B

‘xma

Nurber Fata Ho.. Carnection rare
Seed connections [0}

i
N
< |
i
o 1
i
-
i
et
i
¥ e | ot
<]+ Steel connections =
TR come it
Name Value untt| -~ I 2=
— !
i
i
N
i
i ¥
c.‘.i
st i § | §

Then one should select node together with adjoining elements and click “New connection for selected

bars” option ———

After selection of node 9 and elements 8 and 11 Frame knee connection will be defined
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Steel connection module does not optimize connection. User can modify connection parameters

defining bolts distibution, additional brackets and stiffeners then verify connection

We will define additional lower bracket (length and height 300 mm)

Then medify bolts distribution
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Fﬂ Befine @ Beam-to-Cokamn (Frame Knee) conmection « IN 1993-1- 3 2000/AC000

ﬂ:.

I‘, Defing a Beam-to-Column (Frame Knmrcnnnur:ﬁm -EN m;-lﬁzﬂnus.rmm

: File Help

- Geometry
Dj Flate
[P Brackess
-
| B sefeners
f 51 welds

I !ETI Codeparamelers

Eahs
Diameter:
Class:
Shear plans

@ Unthrezded poriion
HArangemart:
Mumber of columns

Number of 1ows:

Herizontzl apacing:
Verticzl specing.
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(w158

(108
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(pq:p2..] = 100100750100 mm
[7] Equal spacing

hy = 100mm =] Symmezry
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Then after Apply the connection seme can be presented (Scheme tab)

Fodesk Rebot tructural Analys Proessional 2014 Project0-sptisedl =

Numbsar Retio
Sosl comectiora (1)
T

gt
.
8
o B
affe |
g
o |l o
il e

and connection can be verified with use op option Design of connection from a structure

then calcculation note can be presented

Wiew " Connecaons  Toaks

EBRER BT

mmmlm

X die
i S:Imnltamwu‘lau [ St | Reauts |
Hurrber Ralic Mo Corinechion name
.%d cornecrora IH
| Auvipdesk Rubut Sruchiral Analyss Professional 2014-Not For Resale Verson
Design of fixed beam-to-column connection
i EN 1993-1-8:2005/AC:2009
i
-
== -
i L[ 2
| B
== -+
L Pr——— | — +
41> |\ Stesl connections
Lu.-zm connect. | 1 Sl |
= General i B ERAL
Wymoer | 1 RN GEN
Codo__ BN 182 | R T T
Connecfion name: Frame koes
Sliuciure node: g
Structure zars: g, 11
GEOMETRY
=
CoLumn
Section. UC 203x203x4&
Barna. &
a= -a0,0 [D=g] indnabon angle
Jo 203 [mm] Heighl of column s=dion
b= 204 {mm] \Widih of column section
lw_: T [rm] Thickness of the web af calumn sechion
te= 1 {mm} Thicanesa of the Nange of column section
‘ L= ] [mm} Radius of calumn 3 ection fillet
e A= EEL s Procs.ss rtinnal sraa af 3 ~aliemn
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Another connection can be defined by switching to Structure tab selecting connection node and

adjoining elements and clicking “New connection for selected bars” option i_—

Save file as 10-connections
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4. EXERCISE NO. 4 CONCRETE ELEMENTS DIMENSIONING
(BEAMS, COLUMNS, SPREAD FOOTINGS)

4.1. Open the 9-optimized file

4.2. Provided reinforcement

Since version 2013 different types of concrete elements can be transferred to Robot provided
reinforcement module in one step. If user select slab and its supported nodes program will iry to create
slab and spread footing for all supported nodes of the slab in provided reinforcement module.

Selected elements will be transferred to provided reinforcement module

T T todenk Rgbot Structural Anstyis Profeimanil TR TPRGJECE 9-optimied - Resuls (HEMY: pvalable WS i e o ol
TR B View " Grinety " Vosdh Rmilan el Oeuga) Yook | AGEEN e e Commizy -

_]@I Aha XYLDe AGGEGEE QA8Y m&ﬂ##ww -]
ﬁ:_,,,___ .”_2',;‘:7“ -t [EE LS R §
HEZ ol@
Cojects thasbar ... ANgE
T i
..;."?:;d‘ a2 c

While information about elements are transferred program asks about loads transfer way (simple
cases or manual combinations). Simple cases mode uses default code combination regulation for
combination definition so user defined coefficients are not taken into account. In our model one should
use manual combination option.
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e

1@ Beams - Parameters of RC Elements 25

Simple cases

Manual combinations

Selected regulation for generation of combinations:

RC regulation
BS8110
1
|
i
Grouping type 1
[¥7] According to story |
|
Create stories for elements not assigned to stories |
[V] According to geometry
[l Consider posttions of bar axes i
i
i [¥] Always display this dialog box &
g [T] Automatically run calculations |
; Participation of variable long4em 1.00
|1,
i 5
i T e [ E | .
1 | desdload | STRC DLt DL
2 | deadoad . STRC DLz Dz |
3 Live CAT_A RIS TR
4 Live CAT_A LL2 iz
5 wind wind WIND1  WIND1
¥ 8 wind | wind WIND2 | WIND2:
N\ Supports ) Simple cases /
ok ] [ Conce ]

While beam and column with selected loads are transferred to provided reinforcement module they
can be selected for dimensioning in Object Inspector )

Stuctian | Boors Ver [ e - Dz, | o - Refcrcamort | B rces | : ;
| e | amaa [ = | | [ ! T | | R i [ Ent | | ] e | PRI S E & 1
-0,0 1,0 20 3,0 4,0 50 6,0 7,0 8,0 8.0 10,0 11,0 12,0 12,0 14,0 15,0 T ==
o !HCF..;.L =i
= P1 i e =
o 30,0x80,0 2 _713
_ L 1
o vi i
[Ez 285 .30m s70m g
56 3. § e
i U[ﬂ i |]D i ?jﬂ i 3]0 i 4.lll i Elﬂ i Ii,n 4
4.2.1. Concrete beam
For concrete beam the following parameters have'to be defined:
1 2 ] .
Story parameters _ (fire resistance, admissible cracking);
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W —

R_
Calculation option - (material parameters, cover, allowable steel bar diameters, number of
calculation points, torsion, axial forces taken into account)

ff# Calculation Options - BS 8110; Regulation - BS8110
General | Concrete | Longitudinal reinf, | Transversal reinf. | Additional reinforcement |
Coverto {mm) I OK J
@ Transversal reinforcement Comection of cracking by { ]
) Longitudinal reinforcement increasing reinforcement area
ot [F—T—
) Longitudinal reinf. axis
bottom 30 [ Fixed Beam C35 -
i Deflection calculation [ J
side: 30 i Fixed Comection by E Save As ... g
top 30 Paced [] Reinforcement change [ Deite ]
| Geometry changs |
jon < {200 |
i || Precast beam A nesecin laf 122 ] 4
| Support depth; EEN ] Deflection < 12‘5“‘ iy
| Geometry optimization... |
Minimum load capacity [relative): 1,00 | Advanced ... i
| i
8 U
= == 4
Reinforcement pattern (parametérsHfor reinforcement distribution in element)

Each of those parameter sets can be saved and assigned to dimensioned beam. The best way for
parameters assigning is use of Object inspector

For this particular beam one can set

In Calculation option — concrete C35, steel B500C, longitudal reinforcement diameters 12, 16, 20,
transversal reinforcement 8. It can be saved as “beam ¢35” and assigned to beam in Object inspector

In Reinforcement pattern- Assembly reinforcement considered in load capacity. It can be saved as
“Pattern C35” and assigned to beam in Object Inspector
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Then reinforcement can be calculated. Results are available in text file Results / Calculation note
Reinforcement drawing can be obtained after choosing beam drawing template Analysis / Drawing
parameters and then Results / Drawings

s 8 § ] g g : 3
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E] g 8 g g g 3
—— __.__.___433_‘_—, - ; . ;&—l—m lllllllll —t— =
B0 3w 5700 am, 00 3%, o0
AA BB cC DD
g g E g
S S = FY
¥ 00 w0 A0
= Fertremm o e = et e = £ fentmE e o
G) o2 P f;; {zjl i wm| o I G) o = om | e
{2)|m wm| o |(5)|ze | | (7)o | o §
(3} == rom | m |€\ [ | o wm {E) =i it | @
Tel Fax g ssa;m-‘:?u
Level +3,50 Beamd...7 s —— = e T
9-optimized Section 300x600 e [ e

While beam drawing is edited one can choose generate sections position and change drawing scale.
Drawings generated for analyzed beam can be opened in Object Inspector
The following operations can be done for calculated beam

RC element / RC element update — when after beam is transferred to dimensioning module whole
structure was updated and calculated once again. New internal forces in the beam can be then
imported. In Object inspector one can select beam and from context menu RC element update can
be launched

Manual reinforcement modification. In Beam reinforcement tab reinforcement can be presented in 3D
then bar layout, shape, dimensions can be modified. For reinforcement edition one can use options
Reinforcement / Translation and Reinforcement / Modification. Reinforcement table can be used for
modification as well. Once reinforcement is updated user can verify new reinforcement layout Analysis
!/ Verification

Stirrups spacing modification Reinforcement / Stirrup spacing

Beam section dimension modification — beam view tab

Modified beam section export to model Results / Structure update. Structure should be recalculated
and then RC element update option should be used.

4.2.2. Concrete column

For concrete column parameters necessary for reinforcement calculation are quite similar to those
defined for beam. Calculations will be made for column no 1

2
143
Story parameters _ (fire resistance);
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Calculation options

General | Concrete | Longitudinal reirf. | Transversal reirf. |

Cover {mm}to

@ Transversal reinforcement

[/] Symmetrical reirforcement

[ | Precast column

[ ] Geometry optimization i) Longitudinal reinforcement
() Longitudinal reirf. axis
Reinforcement optimization level cx= 130 Fixed
QOptimization criterion -
i@ Reirforcement ratio |1rE'D,_>_! %
Steel weight }@ ka3
Minimal {relative) capacity: ﬁﬁ"

[ Design - unidirectional bending
(@ My direction Mz direction

Reinforcement pattern (reinforcement distribution in column)
Buckling length (buckling length definition)

- (material parameters, cover, allowable steel bar diameters,)

T Colculation Options - BS 8110; Regulation - 853110 IS 5]

OK

Help

Save As ..

— —— Yy Y () e

Buckling model o i &
s ey |
[ off Cloff =

__ smon e
sy (@ Non-sway . /\.
©) Sway
ol >
b= 075 [ o]
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Each of those parameter sets can be saved and assigned to dimensioned column. The best way for
parameters assigning is use of Object inspector

For this particular column one can set

In Calculation option — concrete C35, steel B500C, longitudal reinforcement diameters 12, 16, 20,
transversal reinforcement 8. It can be saved as “column c35” and assigned to column in Object
inspector

In Reinforcement pattern- standard set of parameters will be defined. It can be saved as “Clpattern
C35" and assigned to column in Object Inspector

In Buckling length parameters for both directions buckling coefficient will be set to 0.7. It can be
saved as “Buckling column” and assign to column in Object Inspector

Then reinforcement can be calculated. Results are available in text file Results / Calculation note
Reinforcement drawing can be obtained after choosing column drawing template Analysis / Drawing
parameters and then Results / Drawings

Pas. Reinforement  |Cod2 | Shape
(13 1en2 [37i0 | 00 |—m
gy i & {:2:} 28 BT | 3t J:g
'___‘ I = .
A ] Eﬁm
v H o
| I 8
—H g AA
|| L o
| i (s
= T (2 ) g
o H = e ¥
vIHL r L 4
£ 300
Tel. Fax Stesl BI00C =23.9 kg Congreta 1 C33=0.288 m3
Formmaork = 384 m2
Level +3,50 Column1..3 o
9-optimized Section 300x300 e Page 1

Drawings generated for analyzed column can be opened in Object Inspector
The following operations can be done for calculated column

RC element / RC element update — when after column is transferred to dimensioning module whole
structure was updated and calculated once again. New internal forces in the column can be imported.
In Object inspector one can select column and from context menu RC element update can be
launched

Manual reinforcement modification. In Column reinforcement tab reinforcement can be presented in
3D then bar layout, shape, dimensions can be modified. For reinforcement edition one can use options
Reinforcement / Translation and Reinforcement / Modification. Reinforcement table can be used
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for modification as well. Once reinforcement is updated user can verify new reinforcement layout
Analysis / Verification

Stirrups spacing modification Reinforcement / Stirrup spacing

4.2.3. Spread footing

One or several supported nodes should be selected then Design / Provided reinforcement of RC
elements should be chosen. Calculations will be done for supports no 1 and 3

While information about reactions is transferred program asks about loads transfer way (simple cases
or manual combinations). Simple cases mode uses default code combination regulation for
combination definition so user defined coefficients are not taken into account. In our model one should
use manual combination option.

For spread footing except parameters similar for beams and columns additional information for
dimensioning is necessary

Spread footing diameters for optimization (for this spread footing one can block thickness, ex and ey).

:;‘j General | Pier | Optimization |

Foundation type Geometry type
| Ry |
e JE |
| = H h
. = B 2
Basic dimensions (m) * "
i S 1 |
A 14,50 [ClFixed a: 0,30
B: l,ﬁﬁ [ Fixed b: 0,30 8, ";f
S TR R = A
hi: 0,60 Fixed ex: 0,00  [V]Fixed .
h2: 0,30  [7]Fxed ey: 0,00 Fixed
h4: 0,05
Number of lements : 1 .

RC element / soil — soil layers together with water level. Soil can be chosen from soil database (can

be updated by user). Once defined soil layers can be saved in separate file. Backfill height and its
loads can be defined as well
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Parameters
Backdill heights: l
Ny = 000 )
=,
Pier level: Na= 000  m)
Minimum reference level: NF = ?ﬂ?r - {m)
[ Water level: Stress
M airwirn: . @) Calculated
o | m @ Alowable
Miniraum:
000 | (m
s T e
P S |
Soi layers ?
MName: |
o | well graded sands 0,00 2,00 2243 38 2702,25 38,0 0,00 [l ‘
(I sandy clays -2,00 203943 273284 20,0 0,08 . |
, [ 1 |
1 T P ——— S— T —— —— — * .
t X
| Heo |
‘, Analysis / Geotechnical options

&8 Geotechnical Options - BS 8004; Regulation - BS3004

Verfication
Safety factor
Btk i

[¥] Sliding 1.00
Sliding with soil pressure considered S -

Limits

Average settiement: 50
Settlement difference: 50

[[] Take accourt of plastic redistibution of allowable stresses

[7] Contact surface: 1.00
r
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5. EXERCISE NO. 5 “DEFINITION OF A RC PLATE”

5.1. Structure geometry

5.1.1. Opening a new project

Enter Autodesk Robot Structural Analysis and select structure type Plate Design (icon_
select the File / New Project / Plate Design command if the program is already running.

5.1.2. Proposed geometrical scheme of the plate

LI Iy O I Sy B N EE E DO N EY U U RN BN ) SO N EN B U E ER DN N N B RO N SR M B Y A S NN IO B B
X 2 4.0 6.0 A 100

-4.0 -2.0 0.0 2.0 12.0 4.0

|- @ . |
= 2. TH40,0_CON 2
| o
L= s 3 o _|

= S THATOICONCR e
L _ R ol
< ==
L ]
| L o
= =

=L =

' -L"U [ _%D [ UIEl TR 2|U ' I 4\0 [ GIO TR 3|U TR 1q0| [ I%D ! 1 11'0 L

5.1.3. Setting the codes

Before commencing structure definition, one should check the codes to be applied and language to be
used in the project. To do so, select the Tools / Job Preferences command from the main menu and
check or set the codes as shown in the figures below.

. . —
F2 Job Preferences e oo
= g x * DEFAULTS -

- Units and Formats |
""" Materials teeljAluminum structures: 85 5950:2000 5
Ai-Da i Steel/Aluminum st res: H
i cnodes | Steslcomectons: EN 1983-1-8:2005/AC:2008  w [oxr
- re Analysi |
:‘ﬁ*’;" Parameters | Timber structures: EN 1995-1:2004/A1:2008 v (o)
| ing B e L e e e
RC struchures: B5 8110 -
| Geotechnical 858004 -
| !
7 ( More codes... ] !
d |
{
- Open default parameters ] |
LA Save current parameters as default l [ OK ] I Cancel ] [ Help ]
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5.1.4. Definition of the contour of the lower part of the plate

To define a contour, enter the main menu and select the Geometry / Objects / Polyline—contour

command or click the Objects command @ then Polyline — contour_l icon located in the right-hand
toolbar. Once there appears the dialog box, one should define the settings as defined below:
— In the Definition Method field: Contour,
— In the Geometry field: introduce the following coordinates of points: 0,0; 12,0; 12,9; 6.9; 6,6;
0,6; accepting each point by pressing Add. Once the points are introduced, click the Apply
button.

The points may also be introduced graphically, by placing the cursor in the Geometry edit field, and
indicating the required points in the graphical viewer. Clicking the first of the defined points for the
second time closes the contour.

L
<&\ Polyline - Contour

obiect No. I
P1 - 1) Line
Pn | _
+ () Polyline
| P2 - - @ Contou
PV  aod |
0,00:0,00 R
12,00; 0,00
12,00; 9,00
6,00:9,00
6,00; 6,00
0,00; 6,00 E—J
(Delete |[ Deleteal |[ Modiy
( Parameters J
[ Appy ][ Close | Help

A

5.1.56. Definition of the contour of the external, arc-shape
part of the plate

Arc definition: enter the main menu and select the Geometry / Objects / Arc command (or click the

Objects command ‘6) then the Arc (7 I icon located in the right-hand toolbar). Once there appears
the dialog box, one should define the settings as shown below:
— In the Definition Method field: Begin-End-Middle
— In the Geometry field Point P1: 6,9
Point P2: 12,9
Point P3: 9,11
— In the Parameters field: Sides introduce (10)
Switch on the Are discretization.

Note: Points from P1 to P3 may be introduced graphically as well, by indicating the required
points in the graphical viewer.

— Confirm by clicking Apply. Close the dialog box by clicking Close.
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PointP2  12,00:9.00
PointP3  9,00;11,00

Arc discretization

Number of edges: 10 in
@) Fixed number

© MNumber of full angle divisions
OEdgelengh 100 | m)

7]

C Panel
1 bars Cladding/Face
@) Contour/Opening

| . @ A
/ () Arc and Generator
) Arc and Chord

(Ao J [ Cose ][ Hep ]

\

5.1.6. Definition of the properties of the plate

To define plate properties, one __§hou!d enter the main menu and select the Geometry / Panels

command (or click the Panels == icon located in the right-hand toolbar). Once there appears the
Panel dialog box, one should define the settings as defined below:

— Contour Type: check out the Pane/ option,

— Creation With: check out the Internal Point option.

= Panel [ e e I.
Nwbor 3
Contour type
©Panel O Opering
Creation with
@ Intemal point

15.,28;5.68 | &

[] Only the current selection
(7) Obiject list
® Su'f;c;b_ﬂm;ds__[}_:“g]mi; SLEEN
Propetties
Reiocenent (Gl 7]
Thickness:  (TH400_CONCR__ ~| (&)
Modet oy

i) et (]
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To define new thickness, click the Z | button to the right of the Thickness field and set the appropriate
values in the dialog box that appears after clicking (see the picture below).

(9% New Thickness o e |
Hamagereaus [Oabotic

Lebel.  TH400_CON  Coiar: Aute - |
@ Corstart Th- 400  (mm)
) Wariatle alorg a Inc
) Variakle on a planc

Painl coordnates Thicknesser
[m) [mm)
Pl (000,000 | o
Pz [oD0000 | o
P3:  [oono00 | o

]
\
|
ﬁﬂa&.mlim ol the ﬁﬂa": g

monent of iretlia

B’ Faranelers of loundaiicr elesteity Iy
Mait |
e e T

In the Th =field enter 400 value; in the Label field introduce name TH400_CONCR,; in the Material field
check out the C30 option, then confirm the operation clicking the Add button. Close the dialog box by
clicking the Close button. Move the cursor to the Reinforcement field situated in the Properties field
and set the reinforcement type as none. Set the cursor in the Internal Point field. Move the mouse
cursor to the graphical viewer and indicate once a point within the boundaries of the angular plate then,
indicate a point within the boundaries of the second, smaller plate.

Confirm the settings by clicking Add and close the New Thickness dialog box by clicking Close.

5.1.7. Definition of openings within the contour
Rectangular opening

To define a rectangular opening, select from the main menu the Geometry / Objects / Polyline—contour

command (or click the Objects command & then Polyline — contour &l icon located in the right-
hand toolbar). Once there appears the dialog box introduce the following coordinates of the opening in
the Geometry field of the opened Polyline—contour dialog box: 1,1; 3,1; 3,2; 1,2. Confirm the
introduction of each point by clicking Add. Once the points are introduced, one should click Apply.

The points may also be introduced graphically, by placing the cursor in the Geometry edit field, and
indicating the required points in the graphical viewer. To close the contour one should introduce the
first point once again. Close the dialog box by clicking the Close button.

Circular opening
Enter the main menu and select the Geometry / Objects / Circle command (or click the Objects

command & then Circle g icon located in the right-hand toolbar). Once there appears the dialog
box, one should define the settings as shown below:

— In the Definition Method field: center-radius,

— In the Geometry field: Point P introduce coordinates (9,4)
Radius introduce value (10,4)

— In the Parameters field: Sides introduce 10,

Switch on the Discretization,

Leave the default values of the remaining parameters. Confirm by clicking Apply. Close the dialog box
by clicking Close.
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© Circe EIEIR

Object No. 4

©) Three points
‘ @ Center-adius

PoitP  9,00: 400

Radus R
Plane

T Y—|
[ Discretization -

© Edges 10

© Edge length [10 | m

) Panel
" [ Create hm ) Face/Cladding ‘
1 @ Contour/Opening |

5.1.8. Definition of support conditions

To define supports, one should select the Geometry / Support command from the main menu or click

the Supports s icon located in the right-hand toolbar. Once there appears the dialog box (see the
picture below), one should select the Pinned support type by means of the mouse cursor and in the
Current Selection field check out the Line option. Switch to the graphical viewer, point the plate edges
and click once the edge, which is highlighted.

% Supports :
DX EE@EE &
| Nodal | Linear | Planar|

X Delete 1
1> Fived

- - =

5.2. Definition of plate loads

In order to define load cases, one should enter the main menu and select the Loads / Load Types

command or click the Load Types _J icon located in the right-hand toolbar. Once there appears the
dialog box (see the picture below), generate the following load cases:

— Dead (DL1) —in the Nature field, one should select the dead case and click New. This load
case is automatically defined as the self-weight load, and set in the first position in the Loads
table

— Dead (DL2) — to define it, one should click the New button located to the right of the Nature
field,

— Live1 (LL1) —in the Nature field, one should select the five case and click the New,
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— Live2 (LL2) — one should click New again,

All the defined cases are registered in the List of Defined Cases field,

e = B ] &
Case description
Namber 5 T
Name: LL3
{ Add 4] [ Modify l |
Ltstoidefned cases
No. 3 g Casa name Nature A
1 Deadl e :
2 Dead2 dead . '
3 Livel live S !
L e ive s 1
o 0 i .
H [ Delete ]| Deleteal |
[ Cose J[ Heo |

In order to determine the values of particular loads, one should indicate successively (red arrow) the
following items in the List of Defined Cases list:

e DL2 (dead load applied to the entire plate surface) — enter the main menu and select the Loads /

Load Definition command (or click the Load Definition EEI icon from the right-hand toolbar) and go
to the Surface tab in the dialog box that has just opened (see the picture below).

— S —
i Load Definition [
Case Mo: 2: Dead2
Selected:
Self-+weight and mass:
Node | Bar | Sutace

(65| | )
EUEIIES

Apply to

[ 4eoy ][ Cow J[ Hep |

.

Click the Uniform Planar Load icon and introduce the load value pz = - 5 (kPa) into the new dialog
box (see the picture below),
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I Uniform Planar Load

p [kPa)
W fDUT’
z

Coord system: (@) Global Local
[ Proiected Inad

Values

B | Geometrical limits

(Add ][ Gow |[ Heb |

it

Once the operation is confirmed by pressing Add, which causes that the Uniform Planar Load
dialog box disappears, set the cursor in the Apply To field (in the Load Definition dialog box).
Then indicate the names of both panels (click when they get highlighted) with the mouse cursor
(with the Ctrl button pressed). The panel numbers become registered in the Apply To field. Then,
click the Apply button (thus, the load is applied to the indicated panels) and close the dialog box by
pressing the Close button.

LL1 (live load applied to the arc-shaped part of the plate) — indicate this case in the Load Types
dialog box and repeat the operations presented above to apply the pz = -2 (kPa) load only to the
arc-shaped part of the plate.

LL2 (linear live load on the edge of the rectangular opening) - indicate this case in the Load Types
dialog box and open the Load Definition dialog box; go to the Surface tab and click the Linear
Load on edges icon. Once there appears a new dialog box (shown on the picture below), one
should introduce the following load parameters: PZ = -10 kN/m; then, press the Apply button and
click on rectangular opening contour

Lg = =
{0 Linear Load on Edges =27 =0

"4

Values
P M
(kN/m) (KN*m/m )
®: 000 | 0,00
Y: 000 0,00
z. TN %]
Coord. system: @) Global Local

LL2 (live load, concentrated in the nodes of the circular opening. To make this operation easy one
should define nodes in circular contour edges) — the case is already selected in the Load Types
dialog box; open the Load Definition dialog box and go to the Node tab; click the Nodal Force
icon. Once there appears a new dialog box (shown on the picture below), one should introduce the
following load parameters: Fz = -3 kN and click the Add button. Set the cursor in the Apply To field
of the Load Definition dialog box, go to the graphical viewer and select with window-shaped
cursor the circular opening in the plate.
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Confirm the selection by pressing Apply and close the Load Definition dialog box. Close the Load
Types dialog box.

'@ Nodal Force
1 :

Values
F(kN) M (kN'm) ~J (Deg)

%: [000 0.00 (00

v: [000 0,00 00
z: Il oo 00

[ add ][ Cos ][ Hep |

It is also possible to define loads in the relevant table. To do so, one should go to the layout of loads by
indicating Loads option in combo-box in the top right corner. Once the layout changes, one should
define appropriate load types and define their values in the table.

Save structure definition under the name Exercise 9.1.

5.3. Meshing options

5.3.1. Definition of mesh parameters

In order to set globally the meshing parameters, one should enter the main menu and select the Tools
/ Job Preferences / Meshing Options command, and then click Modification button. Once the
Meshing Options dialog box appears on screen (see the picture below), one may define the settings.

To define meshing parameters individually for each selected panels one should select panel/panels
and open Analysis / Meshing / Meshing options. We select all panels and open Meshing options then

— Indicate the Complex mesh generation (Deulaney) option in the Meshing Methods field.
— Indicate Efement size 0.5 m the Mesh Generation field

L
(& Meshing Options X

| Meshing methods l
| Available meshing methods

} () Simple mesh generation (Coons)

| ©) Complex mesh generation [Delaunay)

@) Aulomatic selection of a meshing method

i Mesh generation
| | ) Automatic ) User

| @ Element size
=

| Hesh of volumetic element
|| i

1 » .

1 ogrie

| Additional meshing of solid surface

| [ " Advanced options ]

e Cow ) e ]

N
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Leave the default values of the remaining parameters. Close the dialog box by pressing OK. Confirm
the operation clicking the OK button.

5.3.2. Preview of the finite element mesh

To obtain the preview, one should enter the main menu and select the Analysis / Meshing / Local mesh
generation command.

Autodesk Robot Structural Analysis Professional 2004 - Project 12-plate - Resutis (FEMJ none - s

B Uimw | Geometry | Lande Rnslme | RedRrOaign Toale | Adddnz | Wirdaw | Help | Communiy

DSEgERE XaE ANEEALE CAAY dHe sFEse -
i = R - e T el G20 ‘
L T E——_] ! [ ! | ! [ J | ! | ] [ ! | [ [ : [
HZEl 4@ -4,0 20 00 20 40 60 80 100 120
Chigcte Hmberof..
= Uoeclsof o modd L.
{ B A Hodes Qrdge
R Pandh %]
;@ @ Opanings 72
' by objpcte __g-
T esmetn f G ] i : -
e - i 55 4 By
= ey T
.._3 . . . LA
- E S 0B e
T ememes— | | ol N \ g
FFJ - 9.1‘|I,TID.D. ; o L
e d

5.3.3. Possible modification of mesh parameters

In order to modify mesh parameters for selected panels one should select panel and from the menu
Analysis / Meshing / Meshing options. command and in the opened Meshing Options dialog box
made adequate modifications of mesh parameters.

Save the structure under the name 12-plate
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6. EXERCISE NO. 6 "MODIFICATION OF PLATE SCHEME;
DEFINITION OF A GRILLAGE OF ADDITIONAL NODES
FOR CONCENTRATED LOADS; LOAD COMBINATIONS”

6.1. Structure geometry

Open the 12-plate file

6.1.1. Proposed scheme of the plate

- o

_l_ Iﬁ,ﬂ 1 ‘ﬁ” 1

6.1.2. Definition of beams supporting the plate

In order to define beams, one should enter the main menu and select the Geometry / Bars command
or use the Bars j icon from the right toolbar.

"% Bans L=lE] 8
MNumber. 5§ a Step; 1
Name: |ACbeam 5 =
Propetlies

Bavpe:  [AChean |0
Secton Bas -G

Default materiak |CONCA

Node coordinates [m)
Beginning  4,63;1058

End:
I Drag

Axis position
Offset None -

R
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Select RC Beam option in the Bar Type field of the Bars dialog box. Click the Z | button located to the
right of the Section field. This results in the appearance of the New Section dialog box (shown on the
picture below) and define a concrete beam with the section dimensions 200x400. One should set the
following parameters in the dialog box:

— Select RC beam in the Section Type field,

— Introduce the following values in the Basic Dimension field: b = 200, h = 400,

— Inthe Label field program will generate automatically the name for a section being defined

B R20x40

Confirm settings by pressing Add button and close the dialog box by pressing Close button,

T New Section =le] ' |

General Parameters |

Labet B R20x40 R ||

Color Auto - ——[h |
@@ Basil:drrfnsiuns [mm) : |

(7] Reduction of mom. of inertia b 200
h 400

7] Use tapered section

Ganmaangls 0~ (Deg) Sectonype: |

e ) Come] [t ) [ooNR

Once the New Section dialog box is closed, the recently defined section is available in the Section
field of the Bars dialog box. Set the cursor in the Node Coordinates field and enter the following points
coordinate in the Beginning and End field:

Beginning End

(6,6), (12,6), (Horizontal beam)
(6,9), (12,9), (Horizontal beam)
(6,0) (6,6) (Vertical beam)

6.1.3. Definition of the beam supporting the arc-shaped part
of the plate

There are two ways to define an arc-shaped beam supporting the arc-shaped part of the plate.
First method
Select the Geometry / Bars command from the main menu, which opens the Bars dialog box. Open

the context menu (available by clicking the right-hand mouse button) and select the Snap Settings /
Snap Settings command, which open the Snap Settings dialog box presented on the drawing below.
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Switch off the following options:
— Structural axes
— Gnd
— Advanced
— Apply without confirmation

r

l):(' Snap Settings

Nodes
[ Structural aes

Grid /
Objects

[] &dvanced

[ Endpoirt.
[ Midpoint

"] Perpendcular

[ Parallel

[Irtersections

[T Irtersections with structural axes
[ Irtersecions with the grid

[¥] Apply witho.t corfitmation '
[ Defak | [_a8 ]I_Nnns].!
[ECEpET—

Confirm the operation clicking the Apply button; close the dialog box clicking the Close button. The
settings allow one to define a beam on a plate arc by drawing it from-point-to-point with the Drag option
switched on. One should remember that the plate fragment should be zoomed in appropriately to the

needs. Once the operation is finished, one should close the Bars dialog box.

Second method

Activate the Geometry / Objects / Arc command from the main menu or click the Objects command

MJ then Arc ’f| icon. Once the relevant dialog box is opened (see the picture below), set the

following parameters:

— Inthe Definition Method field select the Begin — Middle - End option.
— switch on Arc discretization

— Introduce Number of edges 10 in the Parameters field and switch on the Explode option.

— switch on Create bars

— Set the cursor in Point P1 of the Geometry field, go to the graphical viewer and indicate the
beginning, intermediate and end points of the defined arc.

Robobat Polska Sp. 7 0.0., ul. Radzikowskiego 47D, 31-315 Krakow, Poland
Copyright © 2014 Robaobat Polska Sp. z 0.0. All rights reserved

] Arc

Object No. 8

() Certer - Begin - End
\ ) Begn - End - Middie
Pl "2 | @ Begn- Middk - End

— > mrre— ;

|

L
Poirt P3

Arc dacretization |
Number of edges: STl min |3
@ Fived number
@ Number of lul engle divizions
@) Edgo length 10| i
Parel ‘

Crazte

@ pas Claddra/Face

@) Corlour/Ogening |

L % ; @ Arc ]
/ @ Arc and Generstor |
|~ | © A ondChod f

Aopy | Close Help ‘




Page 58

Confirm arc generation by clicking Apply button and close the dialog box by clicking Close.

6.2. Definition of concentrated forces

After selecting all panels and running Analysis / Meshing / Local mesh deleting one can remove
previously defined mesh

Then one can define two nodes with the following coordinates: (8; 5) and (9; 10). Open the Geometry /

Nodes option by means of the main menu command (or click the Nodes A icon). Introduce (8; 5)
coordinates in the Coordinates field and confirm with the Add button. Introduce coordinates of the
second point (9; 10) in the Coordinates field and confirm with the Add button. Two new nodes are thus
created. Nodal forces will be applied in these nodes.

In order to define a new load case, one should select the Loads / Load Types command from the main

=
menu (or click the Load Types EI icon). After opening the dialog box for load definition, define a new
load case of the Live (LL3) nature. Highlight the recently defined load in the List of Defined Cases field
and open the relevant dialog box by means of the Loads / Load Definition command from the main

menu (or click the Load Definition El icon). Select the Nodal Force load type in the Node tab of the
dialog box. Define the force

Fz = -5kN and confirm by clicking Add. Set the cursor in the Apply To field of the Load Definition
dialog box and introduce the numbers of the two above-defined nodes. Confirm by clicking the Apply
button. Close the dialog box by clicking Close button.

6.3. Model generation

In order to carry out model generation, one should select the Analysis / Mesh / Local mesh generation
command from the main menu. Once the option is selected, the program adjusts the FE mesh to the
newly defined nodes.

6.4. Definition of a load combination

In order to define a load combination, one should select the Loads / Manual Combinations command
from the main menu. Once the Combination Definition/Modification dialog box is opened (see
below), one should check out the ULS option in the Combination Type field.

E Combination Dcﬁniﬁonlﬂodiﬁca..

Combination number:
Combination type:

| Combination name:
COMB1

[ Parameters

Lo J[ gee J

Once the operation is confirmed by clicking OK, there appears the Combinations dialog box that
allows one to define combination parameters.
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The Combination field contains the name and type of the generated combination. The Case List field
contains all the load cases that may be included in the new combination. The Factor field allows one to
modify the combination factor. The default factor values may be checked and modified (for a nature) by
clicking the Factor Definition button. In order to carry out a modification of the factor, one should
indicate one of the load cases (e.g. LL7) and introduce the new factor value in the Facfor field, e.g.
1.49, and then click the 5 button. Then, the selected case will be moved to the right-hand panel of the
List of Cases in Combinations dialog box with the new factor value. The remaining load cases
should be moved to the right-hand panel without factor modification by clicking the _”_I button. Confirm
by clicking the Apply button.

Note: In the exercise all factors was sef as default.

In order to define a new combination type, one should click the New option. Once the Combination
Definition/Modification dialog box appears on screen, one should check out the SLS combination
type and confirm by clicking OK.

In the Combinations dialog box, one should select all simple load cases (without combinations) and
move them to the right-hand panel of the List of Cases in Combinations field. The above settings
should be confirmed by pressing the Apply button. Close the dialog box by clicking Close.

Save the structure as 13-plate modification.
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7. EXERCISE NO. 7 "ANALYSIS OF RESULTS FOR A
PLATE”

7.1. Running calculations

Open the Exercise 10 project. To start calculations select from the menu: Analysis / Calculations or
=]

press the Calculations icon from toolbar.

7.2. Analysis of results

7.2.1. Results in the graphical form

To see the results in the graphical form select from the menu: Resulfs / Maps that opens the Maps
dialog box, which is used to display the chosen maps of the internal forces, stresses and
displacements across the surface elements.

|
10,0

[ ) s
-0,3 ©
-0,7
-1,0
-1.3 &
-1,6 ©
-2,0
-2,3
-2,6
-29
-3,3
-36
L
WNorm., (mm) =

L i, -4

The Maps dialog box consists of seven tabs:

e Detailed tab, which is used for presentation of stresses, membrane forces, moments, shear
stresses, displacements, rotations and soil resistance in the main direction. The Direction X option,
which button is located in the upper portion of the dialog box, allows the user to define the main
direction (x) of the co-ordinate system, which will be used by the user during surface FE result
presentation (direction y is always perpendicular to x); or assumes the cylindrical coordinate
system for the purposes of presentation (then the direction x runs along the radius and y is the
circumference direction). The direction may be selected in several ways:

— by selecting the axis of the global system (according the X, Y or Z) axis.

— by defining a vector with the co-ordinates: X, Y and Z, which defines the main direction for
definition of surface element calculation results. There is one limit in the selection of the
direction; the vector cannot be perpendicular to the element (i.e. parallel to the local Z-axis). If
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the user selects such a direction (the vector is projected onto the element as a point), then all
results will be equal to zero.

The following general convention of the presentation of results has been adopted:

— e.g. Sxx — presentation of stresses (S) over the cross-section created by cutting the plate with
a line perpendicular to the selected base direction (x); the stress direction agrees with the base
direction,

— e.g. Myy presentation of moments (M) over the cross-section created by cutting the plate with
the normal line with respect to the base direction (y); the moment causes the appearance of
stresses in the direction perpendicular to the base direction (y), situation is analogous in the
case of other result types.

All results are shown in nodes or centers of surface elements of local, user-defined co-ordinate system
and the selected layer. The upper part of the dialog box informs for which layer the calculation results
will be presented.

Principal tab allows for presentation of extreme values: stresses, membrane forces, moments,
shear stresses and shear forces in the main coordinate system.

Complex tab is used for presentation of the reduced values of membrane forces, moments and
stresses

Parameters tab. On this tab user may select the layer for which the results will be presented. In the
Layer Selection field user may select the layer parallel to the middle surface of the surface
structure for which calculation results will be presented. The layer selection has no effect on shear
forces or displacements, which are defined for the middle surface and are constant along the
entire height of the FE cross-section; this selection is important during the presentation of stresses.
The Layer selection option also has a strong influence on the values presented in the table. It
allows for the selection of a layer parallel to the middle surface of the surface structure for which
calculation results will be presented. The selection of the layer has no effect on shear forces or
displacements, which are selected for the middle surface and are constant along the whole height
of the FE cross-section; this selection is important during stress presentation.

Scale tab allows one for definition of parameters of the scale for displaying results. The user may
change the map presentation parameters:

— the type of color palette

— maximum and minimum division number, in which a map of the selected value will be
presented (minimum and maximum value inclusion may also be turned off) and define the map
color change division number

— scale type

— the colors using which the value map and values for the colors will be presented will

Deformation tab allows for presentation of structure deformation and animation and contains the
following options:

— active - if one selects this option the program will present deformation of the currently
designed structure

— Constant Scale — it means that the same scale will be selected for all the presented diagrams
Scale

— Scale + pressing this button results in decreasing the number of units per 1 cm of a diagram
of the selected quantity

— Scale - pressing this button results in increasing the number of units per 1 cm of a diagram of
the selected quantity

— Normalize - pressing this button results in presenting maps of the selected quantities in such a
way that the scale will be adjusted to the maximum and the minimum value of the selected
quantity. This tab provides also options used for animation of structure deformation diagrams
to be presented on screen. In order to run animation, one should define two animation
parameters: number of frames and number of frames per second. When the Start button is
pressed, the program prepares animation of the selected quantity on the basis of the defined
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parameters and starts to run the animation. When the animation is presented, there appears
on screen a toolbar that allows one to stop animation, start it again, rewind it, etc.

e Crosses tab. The results for planar finite elements may be presented in the form of crosses. The
crosses of a selected quantity will be presented if one selects the Active option. Results may be
presented in the form of crosses for three types of quantities: stresses, forces and moments.

In the lower portion of the Maps dialog box there are options that allow for selecting form of results
presentation:

e [Isolines — if this option is selected, results obtained for surface FE will be presented in the form of
isolines.

e Maps if this option is selected, results obtained for surface FE will be presented in the form of
maps.

e Values if this option is selected, results obtained for surface FE will be presented in the form of
values

e With Description — if this option is turn on, maps will be presented with a description of the values
of individual isolines and maps.

o With Normalization — if this option is active, the maps of a selected quantity will be automatically
presented in such a way that the scale will be adjusted to the maximum and the minimum value of
the selected quantity.

e  Open New Window — if this option is turn on, a new window in which maps or isolines of the values
selected will appear on the screen.

e Smoothing — results for surface FE are obtained in the Gauss points located within each FE
(results estimated in the common nodes adjoined elements may differentiate a bit in each element
and isolines might be discontinuous). To obtain ‘smooth’ map of selected quantity, one should
choose the With Smoothing option.

To see the results in the graphical form select from the load case list: 7: DL1. From the text menu
select: Results / Maps that opens the Maps dialog box. In the Detailed dialog box select the
Displacement u,w option and press the Apply button. To make drawing more clear select from the
main menu the View / Display command, which opens the Display dialog box. On the Sections tab
switch off the Section — shape option, similarly on the Finite elements tab switch off the Numbers and
panels description option.

It is also possible to see results in the map form on the panel cuts. To do so select from the main
menu Results/ Panel Cuts option, which results in displaying sectional force diagrams in the chosen
plate or shell section.

In the Panel Cuts dialog box, which appears on the screen there are available nine tabs. Some of
them are analogous to that one available in the Maps dialog box and some of them are new one:

*  Definition tab - the options provided on this tab allow one to define a new cut

* Cuts tab - presents all the cuts defined for a structure. For each cut three pieces of information are
shown thus: presence of the cut (if the option is active, the cut will be presented on the structure
together with the selected diagrams of the indicated quantities), color and finally the name of the
cut

¢ Diagrams tab- allows one to select the manner of structure diagram presentation

* Reinforcement tab - allows one to select for presentation some quantities connected with the
reinforcement

* SLStab - allows one to select for presentation following parameters: cracking width and deflection
Note: the tab is available only if there has been selected a RC code recognizing calculations
according to SLS in the program.

In order to see the results on the cuts, select from load list 7: DL17 load case then from the main menu

chose: Results / Panel Cuts option that opens the Panel Cuts dialog box. In the Detailed dialog box

select the Rotations -R yy option. Then go to the Definition tab and selecting the 2 points option enter
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the coordinates of the cut e.g. (0,00; 0,00) and (12,00; 6,00). Set the layer selection as middle in the
Parameters tab and finally set the following options available on the Diagrams tab:

* filled in the Filling field

* normal option in the Diagram position field

Confirm the operation pressing the Apply button.
The map of chosen quantity on the selected panel cut will be added to the list of the available cuts and

presented on the screen (see the picture below).

[{Ri View- A~ A1A - A2A - A3 Casex§ (COMSI) ’ S T —

= | [ur Dot prrcpe | Congien P -

A - A3 - (MXX) Direction X (KNm/m)
Integral value = -111,02 (kNm/m)*(m)
A - A2 - (MXX) Direction X (kNm/m)
Integral value = -322,35 (kNm/m)*(m)
A - A1 - (MXX) Direction X (kNm/m)
Integral value = -154,28 (kNm/m)*(m)

7.2.2. Screen captures

The Screen Capture option allows for saving the current screen capture to be used later (for the project
documentation). It is available after selecting the File/Screen Capture command from the menu. Once
the option is selected, the dialog box shown below will appear on the screen.

rg Screen Capture
Label
bending moments

Comment

Insert date and time

Screen caplure lype
@ View updated upon printing
‘Whole stucture
(@) Current view (PNG)
(©) Copy to clipboard
Resolution EiE=

standard high

Screen capture ofientation
@ Vertical ©) Horizontal

Scale
@ Automatic () User-defined
1 cm on paper |1B§ m
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To capture viewer contents type in a screen capture name (or accept a standard name provided within
the program) and press the OK button. The screen capture will be saved to the left panel of the Screen
Captures tab in the Printout Composition dialog box. To see screen capture, choose from the menu:
File / Printout Composition — Wizard dialog box and go to the Screen Capiure tab divided into two
panels. The left panel presents the names of the screens captured by the user while the right panel
contains the complete printout composed by the user from the object available on the left panel. To
add defined screen captures to the right panel highlight the appropriate screen capture and click the
Add button what results in adding to the printout only the screen capture that is selected (highlighted)
in the left panel. To see the preview of the selected screen capture click the Preview of selected

components L icon.

7.2.3. Results in the table form

| @ FE Results Automatic direction - Case: 6 (COMBI)
-40,78 68,59 40,68 ==

) 7029 20,64

28,02 1314 2,04

-91.61 287 3,80

-104,28 -13.21 2159

55,32 -26,89 2891

567 5511 129

1,02 3987 29,00

70,23 -27,18 -17,02

-70,26 -3427 2791

4063 369 1262

402 129,50 41,52

5663 51,31 23,19

-67,99 2483 -1,49

-76,69 18,60 -3,54

8418 10,07 =214

-88,33 657 -1,93

-88,78 5,08 -1,94

85,52 5,40 155

7813 779 20,15

-70,52 13,48 319

.50 135,54 4530

1, -62,29 2187 937
RS T S Tt ¥ (o -5323 4934 2766 -

4] I\ms&éﬁvelope £ Global extremes j Panels 4 Info / K3 i ]+

To obtain the results in the table form one should select from the menu Resuits / Plate and shell
Results that opens the FE Results dialog box, which is divided into four tabs: Values, Envelope, Global
Extremes and Info.

To change table configuration click the right mouse button and select Table Columns option that opens
the Result for Finite Elements dialog box, which consist a few tabs:

e Detailed tab allows presentation of different quantities in the local coordinate system

s Principal tab. Options on this tab are used for presentation maintained quantities in the main
coordinate system.

s Complex tab is used for presentation reduced Stresses and Moments.
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Parameters tab. On this tab one can choose where the structure calculation results will be
presented.

Data tab allows presentation planar FE data: node numbers, material, section (thickness type),
panel number and planar FE type.

Load cases tab. The Selection of presented information field allows one to select the following
quantities to be presented in the table: case name, case nature, analysis type (linear, non-linear,
buckling, etc.) and the definition of combinations (full combination definition with the coefficients for
particular component cases).

Filters tab. Options in this tab are used for value selection based on which sorting or filtering of
data/results presented in the table will be done.

Extremes tab

In the Detailed field activate (W) options: Stresses — s in direction xx, Shear Forces — Q in direction xx
and Displacement u,w in direction z. Press the OK button. The table with selected quantities will
appear on the screen.

T Resatts for finrte wiermarsie R o=l i [B] Results for finite elements ~ [e=li=h
Detelled | Principal | Camples | Parameter| | * [ Complex| Parameters [Data | LoadCas ]”|
i W
Layer : Laper Lower -
#utomatic direction |
Wowow oz ‘
Stresses -3 O I f 1
4 | | smaothing within a panel -|
Membrane foices - N \:J [N !
Moments - M ¥ @ @ = Layer for stiesses @
Shear stresves - | | -ams @) Upper -
Sheat forces - @ é rid*“
. : @ Lower
Displacemenis - uw RN ¥l & Masinon
Rotations - R El () 1 '@ Minmum
Soi reactions - K [l | () Absolute maximum
| 1 | () Arbirary 05
| [Tan Nore h |
il 1
| | | _ ) |
| | ’ [F] Reduction of foices above columns |
| and wals |
FE Results | l FE Results
Forthe active table. colimns celected on this tab | || For the activetable. columns selected on Ihis lab ;
@ will be added @) will replece exitting ones i | @ will be added wil replace existing ones |
' |

In the Parameters field activate:

— in the field Resulfs — in Element Centers option
— in the field Layer Selection — Lower option

From load list select load case: Simple Cases To save the curmrent screen capture select the command
File/Screen Capture from the menu. Once the option is selected, the small dialog box shown below will
appear on the screen.
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"[B screen Capture Label o ]

Tite
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Irwert date and time

Autoadiust column width
Screen capture type
@) View updaled on printing
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To capture viewer contents type in a screen capture name (or accept a standard name provided within
the program) and press the OK button. The screen capture will be saved to the left panel of the Screen
Captures tab in the Printout Composition dialog box. To see screen capture, choose from the menu:
File / Printout Composition — Wizard dialog box and go to the Screen Capture tab divided into two
panels. The left panel presents the names of the screens captured by the user while the right panel
contains the complete printout composed by the user from the object available on the left panel. To
add defined screen captures to the right panel click the Add button what results in adding to the
printout only the screen capture that is selected (highlighted) in the left panel. To see the preview of the

selected screen capture click the Preview of selected components icon.

Save example as 13-plate results.
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EXERCISE NO. 8 “RC PLATE REINFORCEMENT
DESIGN”

8.1. Concrete slabs and walls dimensioning — design
parameters

8.1.1. Concrete slab design parameters
Open file 15-slab reinforcement3d

Story 3 slab will be taken into account

While dimensioning parameters definition one has to determine main reinforcement direction. In that
case local panel coordinate system can be used. If main reinforcement direction will be set to
Automatic it will be parallel to local panel X axis. In results AX area will be presented for reinforcement
parallel to panel local x axis AY for reinforcement parallel to parallel local Y axis.

Slab design parameters can be set by Design / Required reinforcement for Slab/Walls Option /
Code Parameters.

Proposed parameters for analyzed slab.

General tab:
Name -RC Slab
Type - simple bending

Main reinforcement direction - Automatic
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r m
PP 55 8110 Reinforcement Parameters =E

General | Materials | SLS Parameters | Reinforcemert |

Name: RCSlab
Reinforcement calculations for shells
Type: [simple bending -]

Main reinforcement direction

@ Automatic

) Along X axs |

©) Along Y axs |

() Along Z axis

() Any direction in Cartesian system

() Any direction in Polar system
Coordinates

Reinforcement direction is adopted acconding to
the panel local system defined by the user.

Material tab
Concrete -C35
Steel - B500A
'J BS 8110 Reinforcement Parameters - \ = 52
IGenald|Maten'ds|5L5Pm]H E
Concrete
! Asin a structure model
Materials: Biish
oo
Characteristic strength: 3500 MPa
Unit weight: W kG/m3
) BS8110: 1985

@ BS8110: 18587
Reinforcing steel

Databsse  bs8666.2005

Grade |B500A - Deformed

Characteristic strength 500,00 MPa

SLS Parameters tab

Calculation range - Reinforcement correction for cracking, Deflection
Environment class - mild

Cracking -0.3 mm
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— —— Y
3 —= : T
P® Bs 8110 Reinforcenm'rtParametlig j 3 o
SLS Parameters | Reinforcement
Caleculation range
[7] Cracking Reinforcement comection
Deflection Reinforcement comection
Allowable values ~
Deflections: f< 3.00 {em)
Environment class: i
[mid - [mid v
Cracking:
whke< 03 {mm}) whe< 0,3 {mm)

Ratio of loads: long+em 1.00
to variable:

Concrete age (oading moment): days

Relative environment humidity: E—B (%)
Concrete creep coefficient: |Auto

Reinforcement tab

Bar dimensions -12
Cover -3cm
”!5 EN 1992-1-1:2004 AC:2008 Reinforcement P... | = — | 53 |

[ General | Materials | SLS Parameters | Reinforcement
A2

3

Bar dimensions
di: 12 - dz: 12 -
dit 12...¥ d2 12, v
Cover [om) -
cl: 30 cZ 30
ll e 00| @ [0 @

[} Unidirectional reinforcement

[ i Membrane reinforcemant in one layer
Minimum reinforcement

'l | ) None

% @) For FE for which reinforcement A5>0

() For the whole panel
| O e G )|
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Once parameters are set one should click Add to save and assign new defined parameters to structure
Story 3 slab.

8.1.2. Slab and wall reinforcement calculation

Once can use user’s layout Slab — required reinforcement to launch calculation

0 “Not For Resale Version - Project: slab renforcement-014 - Resuits|
A Tools | Addns | Window | Help

TFie " Edt | View Genmeiry Load

D@l%@@tﬂx%%ﬁﬁ- AR S BYRYURS EHew [=]
! Structure Model
‘AT v L2 - @ @l B LI 1isshet bt &l |%_ ;
RC nt | 2 View [Pian | Steel Design i
@k %% O (A @ o
Type C Mame ~— A ST
B asm;s — | & Slab - provided reirforcemert
- Gtancan Lavel .3 ) i ! | & sSiabs -purchng
@ Story 3 T s i ﬁ'ﬂab-ranfon:m
o @ it
13- Story 1 Sl : 3 Toda
/""“'.\ $ :
L)
(K2—
e o
T
.48 5

After story 3 lab and staircase wall selection one can use ,<<” in Plate and shell reinforcement
window to calculate reinforcement for selected object only. Then Calculate can be launched. For
objects calculated with compression/tension option on, Method- analytical should be used. Option
Reduction of forces at supports and above columns and walls should be checked on to avoid
reinforcement concentration above supports

@ Plate/shell Reinforcement - Design Resulis None
List of panels: 300 aa) @ Calculations ©) Verffication
Calculations for panel no.: | | S —— | | Calculate |
Cakuated panels: | |1 RN e S —-Closa
Limit states B o W Deflection verification
LS “To20 ) Method:
[1sLs 1030120 =) @ Equivalent stifness (Blastic)
[ acc e i e e With stffness update (FEM)
Method: | equivalent mom. (Wood&Amer) ~ | it TR P e ;
[ Globally averaged design forces 7] Displa B A -

Reduction of forces (at supports or above columns and walls) |

8.1.3. Required reinforcement analysis

Provided reinforcement for plates and walls can be presented as reinforcement maps. Reinforcement
area can be obtained in reinforcement table as well.

Reinforcement maps can be controlled from Reinforcement window

For Story 3 slab and Staircase wall results should be interpreted in the following way:

AX- - bottom reinforcement area in slab local X axis (Global X axis) for wall horizontal
reinforcement area

AX+ - top reinforcement area in slab local X axis (Global X axis) for wall horizontal reinforcement
area
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AY- - bottom reinforcement area in slab local Y axis (Global Y axis) for wall vertical reinforcement
area
AY+ - top reinforcement area in slab local Y axis (Global Y axis) for wall vertical reinforcement area

Reinforcement map for story 3 slab

Bottom reinforcement in global x direction
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Results can be presented as values
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Results can be presented in reinforcement table (Design / Required reinforcement for Slab/Walls
Option / Table Plate and shell reinforcement).
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Paneflode | (cm2im) | Perpendicular (cm2im) | Perpendicular

300/ 9021 | 0,0 0,0 273 273

300/ 9022 | 0,0 0,0 273 273

___300i 8023 | 273 0, 0,0 273

300/ 9024 328 273 0,0 273

410 273 0,0 0,0

435 273 0,0 0,0

408 273 0.0 0.0

330 273 0,0 273

273 0,0 0,0 273

273 0,0 273 273

0,0 0,0 283 273

0,0 0,0 144 273

0,0 0,0 273 273
7 0,0 0.0 273 |

273 273 0,0 273

273 273 0,0 273

284 273 0,0 273

273 273 0,0 273

273 0,0 0,0 273

273 0,0 0,0 273

0,0 0,0 273 273

0.0 0.0 273 273

273 0,0 0,0 273

273 0,0 0,0 273

292 0,0 0,0 273

343 0,0 0,0 273

435 0,0 0,0 273

300/ 904 439 0,0 0,0 273
200/ anda 408 oo nn 273 =

| 41(+] \\Values £ Global extremes A Info A Calculation parameters [/ ] ¢ [= 15 =

Once required reinforcement is calculated one can obtain displacement of designed elements (slab)

While reinforcement calculation displacement (with stiffness reduction resulted in element cracking) is
estimated with use of simplified method (Equivalent stiffness- elastic). It is enough to estimate cracked

slab total displacement.
e
AT

5 i fle- sy T 5 e L [Fg:rzse] T T | e T fEres s ] )
-50 0,0 5.0 10,0 15.0 20,0 250 30,0 35,0
' (A) TR (B XBF (6 (ChiE) (BENE) F (6)
g e ot i ; - L S oy R
b & : * ey
B : 2
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More accurate results can be obtained with use of deflection Verification with stiffness update.
Verification with stifiness update can be done after selection of critical (for deflection) SLS combination
case. Usually one can choose combination with maximal static displacement for designed element.
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Reinforcement maps and reinforcement tables can be saved with use of Screen Capture option and
then edited in Printout composition module.

File slab reinforcement-014.rtd

8.1.4. Provided reinforcement design

Provided slab reinforcement can be designed after required reinforcement was calculated. Panel (story
3 slab) Design / Provided reinforcement of RC elements.

The following plate view will be obtained
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One can analyse reinforcement area displacement and cracking obtained in required reinforcement
module. User can determine provided mesh diameter for provided reinforcement distribution.

Then like for bar elements one can define design parameters
Analysis / Calculation option

Reinforcing bars tab - A12 can be chosen
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Analysis / Reinforcement pattern

General tab - reinforcement tab bars

ructioral renl. | Shapes
Reinforcement type Reinforcement s:egment
|| @ wiretabric ) Sinde nanel

© Wire fabric + bars @ Entirz plate

@ Bars

Shraight bars
Maximum length: 1200 m
Minimum diameter: 100 mm

bardular leroth [om |

The same top and bottom reinforcement

Then calculations can be launched Analysis / Calculation
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Robot will present provided reinforcement distribution zones and bar spacing

¥,
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Bottom reinforcement in Y direction

Slab provided reinforcement can be presented as well

DRy el

1551 i i o =
-200

Punching can be verified

Robobat Polska Sp. z 0.0., ul. Radzikowskiego 47D, 31-315 Krakow, Poland
Copyright © 2014 Robobat Polska Sp. z 0.0. All rights reserved



posing Rl & . e
T I T
00 50 of110) Iy e 2 _sp 1% E}lﬁl 100 s
e — : = ™ |
| e tgatl
B I i 7
8 Frries
L I Tosls 4
i .
% (115) e L] (18} (119 S5
E i A ﬁ‘ =
= | | —fe
a i | o
2 3 1 £-
| et |tz jils. o NERISSHSRRat | I | ) $
B ; I sl
B i | 3
LTy | | i 1t
i i
Qx (126 oz L pm 120y (130)
1, : 0 o
éﬁdu 1 it i N i il i i L q’ L I 25l L aul.o 1 1 Jﬁ'n
g =

Plate reinforcement plot can be presented (Results / Drawing) after choosing plot template (Analysis
/Drawing parameters). Plot template s199pn02.plo can be chosen.

. _ — —
| K] Drawing Parameters . s s
[ Generel [ Re desciiption | Scale | Risinforcemert ahle]
o ik
e L
Restore delault
Slah - chawing templale 1. .
The vihole slab visw @
Siab geome:ry &s well a: top and bottor reinforcement an
Draving creation mode-
@ Open rew =
©) Add drawing to the fist o
[T Step dhrawing lion f caculation erors eppear
Unite -
for y=1m DA for<1m  |mm ~

Final drawing (Results / drawings)
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For provided reinforcement deflection verification can be done as well. Like for required reinforcement
one can choose Verification with stiffness update for SLS combination with maximal static deflection
(Analysis / Verification)

List of panels: 00 e e (-] [<<] Caloulafions @ Verification
i | e < S — 1] oo
Deflection verification ‘
Method:

) Equivalent stiffness (Elastic) |
@ With stffness update [FEM) ‘
P |
CT—

After calculation deflection map can be presented (should be smaller than obtained for required
reinforcement)
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EXERCISE NO. 9 "DEFINITION OF A PLATE-COLUMN
STRUCTURE"

9.1.Structure geometry

Open the Exercise 1-loads project. Proposed scheme of the structure is displayed on the drawing
below.

I AP

e
]

i

9.1.1. Change structure type to shell

From the menu select the Geometry / Structure Type command or press the i@J icon (Structure
Definition) located in the right toolbar, which opens the window presented on the drawing below.

Change structure type to shell by selecting the Shell Design option (the third one from the left in the
second row).

9.1.2. Definition of additional structure axis

In order to define additional axis click the Axis Definition “’_QJ icon, located in the right-hand toolbar or
use the Geometry / Axis Definition command from the main menu, which open the Structural Axis
dialog box.
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oﬁStmctural Axis
Name: Structure axis g
[EaCatesizn. ] [ Cyindical | [ Aibay |
s Advanced parameters ]
[P G P
Position: No. of repet.: Distance:
El- 2 B - (m)
Label Position 1
levell 000 |
evel2 600
Dglete all
< ’ m =
Numbering: @e___v] level 1
il |
[ New I [ Axis manager ] i
| Aoy ] [ ] [Ltob ]|

In the Y tab introduce the following values:
— 0 into the Position field
— 2 into the No. of Repet. field
— 6 into the Distance field

In the Numbering combo box select Define option end set the axis name for Leve/ 1. Set it into the Set
of Created Axis field by pressing Insert button. Confirm by clicking the Apply and Close buttons.

9.1.3. Copying the frame in the Y direction

Indicate the whole structure pressing the Ctrl + A button (selected bars will be highlighted into the red
color). From the menu select the Edit / Edit / Translate command that opens the Translation dialog
box presented on the drawing below.

& =
E.1 Translation

dX:;dv;dz = 060
Numbering increment
Nodes:
Elements:
Edit mode
(Ql ;opp

) Move

[[]Drag

Number of repetitions: -
LEmcule ]rl}ose ][ Help J

P
[
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In the dX; dY; dZ edit field define the translation vector by typing in the coordinates of the translation
vector: 0; 6; 0 (one may do it graphically by clicking on the beginning and end of the translation vector).
Enter the value 2 in the Number of repefitions field. Leave the default values for the remaining
parameters. Finish the operation by pressing the Execute and Close buttons. Select from the menu
View / Projection / 3d xyz, which displays a 3d view of the structure (see the picture below).

9.1.4. Definition of additional steel beams between frames

Select the BARS layout from the available Autodesk Robot Structural Analysis layouts by clicking
the list box in the top right corner (the screen will be divided into the View field, the Bars dialog box and
the Bars table. If the UB 152x89x16 section is not present in the available section list, one should press

the button _I located to the right side of the Section field. The New Section dialog box will be
opened.

-~
I New Section

Standard | Parametic | Tapered | Compound | Special | Ax, Iy, 1z...|

IQLEJ L .@J] g %;Eh::l:nl

: Section selection
Lehek Database: [m

IPE 200 -

> = CF European Section Database
Color: Auto

_ =

.I::.urnpean I-beams IPE

Seclion: IPE 200 >,

_ T
Gamma angle: 0 - [Deg) Section type:
Ctie) Cobince) (maliie o

== i ———

To define the UB 152x89x16 section, on the Standard tab one should:
— set Steel in the Section Type field,
— set Simple Catpro in the Database field,
— set UB in the Family field,
— set UB 152x89x16 in the Section field,

Robobat Polska Sp. z 0.0, ul. Radzikowskiego 47D, 31-315 Krakow, Poland
Copyright © 2014 Robobat Polska Sp. z 0.0. All rights reserved



Page 81

— end the operation by pressing Add and Close buttons

The newly defined section appears in the Bars dialog box.

To define bar element one should set Bar Type for Beam in the Properties field and select UB
152x89x16 profile in the Section field. Then move the cursor to the graphic viewer, click with the left
mouse key on the point depicting the beginning and end point of the bar element. These points may be
defined as the coordinates of the intersection points of following structure axis:

Beginning of the beam: End of the beam:
Axis intersection Coordinates Axis intersection Coordinates
- E,Levelt,3 13.00; 0.00; 6.50 - E Level2 3 13.00; 6.00; 6.50
- E Level2,3 13.00; 6.00; 6.50 - E, Level3,3 13.00; 12.00; 6.50
- C,Level1,5 6.00; 0.00; 8.50 - C,Level2, 5 6.00; 6.00; 8.50
- C,Level2,5 6.00; 6.00; 8.50 - C. Level3. 5 6.00; 12.00; 8.50
- A, Levell,3 -1.00; 0.00; 6.50 - A Level2 3 -1.00; 6.00; 6.50
- A Level2 3 -1.00; 6.00; 6.50 - A Level3,3 -1.00; 12.00; 6.50

9.2.Plate definition
9.2.1. Setting the work plane

In order to go to the plane where concrete beams are located select from the menu View / Work in 3D /
Global Work Plane command, which opens the Work Plane dialog box.

Move the cursor to the graphic viewer and select the left end point of the concrete beam. The
coordinates in the Work Plane dialog box will change automatically to the selected one eg. (-
1.00,0.00,3.50). In the Fixed field switch on the Z option and then press the Apply button. Select the
View / Projection / Xy command from the menu. Once this option is selected the structure is set on the
XY plane at the recently defined Z — coordinate value (e.g. Z = 3.5) and only structure components
from this plane will be displayed.

9.2.2. Definition of the plate contour

In order to define plate contour pick out from the menu Geometry / Objects / Polyline-contour
command that opens the Polyline-Contour dialog box. In the Definition Method edit field select the
Contour option. Place the cursor in the Geometry field indicate the required points of the contour in the
graphic viewer. Closing the contour is effectuated by clicking the first of the defined points for the
second time.
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One may also defined the contour by introducing appropriate coordinates manually in the Geometry
field.

9.2.3. Definition of the plate panel with required
parameters

To define plate properties one should enter the main menu and select the Geomefry / Panels

command or click the __J icon {Panels) from the right toolbar. Once there appears the Panel dialog
box, one should define the settings as defined below:

— Contour Type: check out the Panel option

— Creation With: check out the /nfernal Point option

Number: # | |
Contour type
@ Panel ) Opening

Creation with

@ Intemnal point
e TR )
Only the cunient selection

© Objectlist

|

Il @ Sutace elements FE) st |

Properties

Hmnforcemenlw = \i
Material: ’W 3
1

[l ——

e e e )

Set the reinforcement type for RC_floor in the Reinforcement combo box. Select the thickness
TH300_CONCR from the Thickness combo box in the Panel dialog box and then, set the cursor in the
Internal Point field. Move the cursor to the graphical viewer and indicate once a point within the
boundaries of the rectangular plate.
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9.3.Definition of offsets in the beams

Select from the menu the View / Display command, which opens the Display dialog
box, switch on following options:

— on the Finite Elements tab — Thickness option

— on the Sections tab — Section - shape option

Finish the operation pressing the Apply button and close the dialog box pressing the OK button. On
the structure drawing, which appears on the screen one can see that axis of the RC beams and RC

slab are on the same level. Autodesk Robot Structural Analysis allows one for defining of offsets
within the structure.

RC beams

RC column A

In order to define offsets select from the menu Geometry / Additional Attributes / Offsets, this opens

the Offsets dialog box. From the upper toolbar select the 0 icon (New). A dialog box for defining new
offset will be open.

s =
@ New Offset -
Absalute | Relative
Label: Difset_1
Values
Beginning. End:
Ux: 0o 0.0 [em)
oy 00 00 [em)
uz 450 450  [em
Coordinate system
@ Local @) Global
() Local - ranslated coordinate system
kil [

[ Asd ][ Close |[ Hep J:

S = 4
Ss=

In the Label field enter the name Offset_1 for new offset. Then in the UZ field introduce the offset value
(in the exercise the offset value is equal 45 cm as it is half of RC slab height plus half of RC beams
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height) at the beginning and at the end of the bar in the Z-axis direction. In the Coordinate System field
activate the Global option. Once this option is selected, offset values will be given in the bar’s global
coordinate system. Finish the operation by pressing the Add button then close the dialog box by
pushing the Close button. The recently defined offset is available in the active list of offsets. Place the
cursor in the Current Selection field and type the numbers of bars (e.g. all concrete beams), to which
offsets will be attributed.

uﬂlfsets ![ﬂ

DIX] zalefz=m| 8]

X Delste
# oFF_uz_10
# Oiset_1

i~ Current Selection—

4to7 161019 28to31

cee | [CHe

Finish the operation by pressing the Apply button and close the dialog box by selecting the Close
button.

9.4.Definition of the front wall

9.4.1. Setting the work plane

In order to go to the plane where the front wall will be located select from the menu View / Work in 3D /
Global Work Plane command, which opens the Work Plane dialog box.

W ork Plane I
’TZ'DU ol LS -
| | Cancel
IR
| B

%200 v-2200  Z-000

Move the cursor to the graphic viewer and select the end point of the right column. The coordinates in
the Work Plane dialog box will change automatically to the selected one e.g. (12.00,0.00,0.00). In the
Fixed field switch on the X option and then press the Apply button. Select the View / Projection / Yz
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command from the menu. Once this option is selected the structure is set on the YZ plane at the
recently defined X — coordinate value (e.g. Z = 12) and only structure components from this plane will

be displayed.
9.4.2. Definition of the contour of the front wall with
openings
12 11
3
1 2 10

Select from the menu Geomelry / Objects / Polyline-contour command that opens the Polyline-
Contour dialog box. In the Definition Method edit field select the Confour option. Place the cursor in

the Geometry field and introduce coordinates of the points defining the appropriate contour:

Point no.

CoO~NOOOPAhWN -

10
1
12

Press the Close button which closes the Polyline — Contour dialog box.

9.4.3.

Coordinates:
(12.00;0.00;0.00)
(12.00;2.00;0.00)
(12.00;2.00;2.50)
(12.00;4.50;2.50)
(12.00;4.50;0.00)
(12.00;8.00;0.00)
(12.00;8.00;2.50)
(12.00;10.50;2.50)
(12.00;10.50;0.00)
(12.00;12.00;0.00)
(12.00;12.00;3.50)
(12.00;0.00;3.50)

Definition of the panel to be applied to the front wall

To define panel properties one should select from the menu the Geometry / Panels command or click

the =1 icon (Panels) from the right toolbar, which opens the Panel dialog box. One should define the
settings as defined below:

— Contour Type: check out the Panel option
— Creation With: check out the Infernal Point option
— Reinforcement: check out the Dir_Z option

If the Dir_Z reinforcement type is not available in the reinforcement type list, press the button .....j
located to the right of the Reinforcement list containing all reinforcement types defined to date. The
Reinforcement Parameters dialog box will be opened. On the General tab define settings as
presented on the picture below.
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.
¢ EN 1992-1-1:2004 AC:2008 Reinforcement P... [I=20]0=

| General | Matesiats | SLS Parameters | Reinforcement|

Name: Dir_34
Reinforcement calculations for shells
Type: [cornpmsian!lemiun v

Main reinforcement direction

H ) Automatic I

) Along X axis i
) Along'Y axis
@ Along Z axis

) Any diection in Cartesian system

) Any ditection in Polar system ]

Coordinates %

Direction of main reinforcement is paraliel to 2
selected direction of the structure global system.

[CNoe [ Add [ Cose ][ Heo |

e

Others settings leave as defaulit.

Define new thickness by clicking the button _I located to the right of the Thickness field that opens
the New Thickness dialog box. In the Th field type 25, this is a new value for panel thickness. Then in
the Label field enter new name TH25_CONCR. Confirm the settings by clicking the Add button and
close the New Thickness dialog box by clicking the Close button.

Set the reinforcement type for Dir_Z in the Reinforcemeni combo box.

Select the thickness TH25_CONCR from the Thickness combo box in the Panel dialog box and then,
set the cursor in the Internal Point field. Move the cursor to the graphical viewer and indicate once the
point within the boundaries of the recently defined contour.

9.4.4. Definition of supports on wall edges

In order to define supports select from the menu the Geometry / Supports command or press the ..’E.
icon (Supports) from the right toolbar. The Supports dialog box will be opened. From the list of active
supports check out the fixed support type (recently selected support type will be highlighted). Then in
the Current Selection field activate the Line option. Set the cursor in the graphic viewer and click at the
appropriate edge when it is highlighted.

9.5.Loads
9.5.1. Modification of self-weight load

Select from the menu the Loads / Load Table option, which results in opening the Loads — Case table.
Once there appears the table, select DL7 load case, set the cursor in the third record in the loads table
(List column). There will appear a list of all elements of the structure and it means that the self — weight
load will be applied to whole the structure.

9.5.2. Definition of additional loads to be applied to the
plate

In order to define of a new case select from the menu Loads / Load Types. In the Load Types dialog
box select the /ive nature in the Nature field and press the New button. It results in appearance a new
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load case (LL3) in the list of defined cases. Select the recently define load case from the available load

list. Press the E"_]J icon (Load Definition), which opens the Load Definition dialog box. On the Surface
tab click the Uniform Planar Load icon . and set the parameter as presented on the picture below.

-~ Velues

o

o [kPa]

o

R .00
-
e

Cooid sysiem: (@ Global € Local

=)

m G=omebicallis |

A owe || v |

Confirm the settings pressing the Add button. In the Apply To field enter the number defining the plate
to which the load will be applied. Finish the operation pressing the Apply button and then close the
Load Definition dialog box pressing the Close button.

9.5.3. Definition of combinations

Select from the menu option Loads / Automatic Combinations that opens the Load Case Code
Combination dialog box. Leave all parameters default and press the OK button. The Combinations
dialog box will be open.

Combinations according to code: | EN 1990:2002

ne / Delete
) Simplified automatic combinations
() Manual combinations - generate

Estimated number of combinations: 170

Automatic generation of all combinations. Combination types [ULS, 5LS
and ACC) are grouped into composed cases whose components include
subsequent combinations. Combination envelope cases (+/-) are also
generated.

It works only for linear cases and requires launching calculations.

Help ] [Hure) ;

This option allows for definition and modification of code combinations.
To define load cases for combination:

— select Full automatic combinations

— select required combination types
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| Combinations | Groups | Relations

Extreme show casheignt

Combinations are calculated according to selected s:andaldaszw

[ <Back | [ Note |

uLs v uLs STR L
Wi SLS characteristic [CHR) 1l
[@ sLs ¥ SLS frequent [FRE) -
‘ ~ SLS quasi-permanent (QPR)
ACC L 1ACC accidental
L1 ACC seismic i
[ FRE o e e
(1 Ful ["] Simpified

— click Generate.

Note: for all natures, default factors will be applied.

9.6. Definition of meshing options

In order to change meshing options select panels and then from the menu Analysis
/Meshing/Meshing options open the Meshing Options dialog box. In the Mesh Generation field -
with the Delaunay method switched on in the Available Meshing Methods field - activate & Element
size option (the FE mesh will be generated automatically using the current parameters) and enter 0.5
in the Element size field. Other parameters leave as default. Finish the operation pressing the OK

button.

'l | Meshing methods

ptions

Method parameters

Awailable meshing methods

) Simple mesh generation [Coons)

@ Complex mesh genesation (Delaunay)

@ Automatic selection of a meshing method

Mesh generation
() Automatic ) User

@ Element size

0.50 [m)

tdesh ot volumetnc elements

Fine Coarse

|| additional meshing of solid suiface

[ Advanced options

Select from the menu the Analysis /Meshing/Local Mesh generation command. If this option is
selected, Autodesk Robot Structural Analysis generates the calculation model of a structure (finite

elements).
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To change meshing parameters for one panel (e.g. vertical) chose vertical panel and then select from
the menu: Analysis / Meshing / Meshing Options, which opens the Meshing Options dialog box. In the
Available Meshing Methods select the Delaunay method, switch to the Mesh Generation field and
select the Aufomatic option. In the Division 1 field enter 15 and press the OK button, which closes the

Meshing Options dialog box. Select from the upper menu command: Analysis / Calculation Model /
Local Mesh Generation.

9.7.Calculating the structure

Start the calculations by pressing the Calculations icon E from the upper toolbar or by selecting the
command Analysis / Calculations from the menu.
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10. EXERCISE NO. 7 “CREATION OF A TYPICAL AND
UNTYPICAL SECTION IN THE SECTION DEFINITION
EDITOR, AND SAVING IT TO THE USER'S DATABASE”

10.1. Definition of a section consisting of typical sections
from the database

Run Autodesk Robot Structural Analysis then select the Frame 2D Design in the initial vignette.
Select Tools / Section Definition option from the main menu.

10.1.1. Creation of a complex section

In order to create a complex section, one should select the File / New Section / Solid Sections

Database command from the main menu (or click the Sections Database T icon in the top toolbar).
Once there appears the Complex Section Definition dialog box (shown on the picture below), one
should introduce the following settings:

— Select the compound section: C 38 (2T+2T).

— Inthe A tab, set: Section Database: UK,
Section Type: CRS,
Section: 381x114x37.2
Material: STEEL,

— Set the same parameters in the B tab.

Section Database: | Simple Catpro "l
Secton Type: [HEB ] =l
e e

Confirm by pressing OK. A section consisting of two I-sections will appear in the graphical viewer. In
order to generate the resuilts, choose both contours (CTRL+A) and then select Results / Geometric

Properties / Results command from the main menu (or click the Results il icon located in the right-
hand toolbar). Once the calculations are finished, there appears the Results dialog box (see the
picture below), presenting information about the generated section in the following four tabs: General,
Principal System, Central System, and Arbitrary System.
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10.1.2. Creation of a single section

In order to create a new section contour which will constitute the envelope of all the contours, choose
both contours (CTRL+A) and then select the Coniour / Standardization of Overlapping Contours

command from the main menu (or click the Sfandardization EJJ icon in the right-hand toolbar). In
purpose to calculate the parameters for torsion, one should check out the Torsional Constant (Ix)
option located in the Additional Calculations field and then press the Calculate button situated in the
bottom part of the mentioned field in the General tab of the Results dialog box. Once the calculations
are finished program automatically switches to the Principal System tab on the Results dialog box.
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Click the Calculation Note button in the bottom part of the Results dialog box (or select the Results /
Geometric Properties / Calculation Nofe command from the main menu) to generate a calculation note.
To save the section in the user's database: one should select the File / Save fo Dafabases command

from the main menu (or click the 5%] icon, located in the top toolbar). There appears the Saving
Section to Database dialog box (shown below), where one should describe the defined section. The
proposed description runs as follows:

— Set the database: User,
— In the Name field: with,
— In the Dimension 1 field: 50,
— In the Dimension 2 field: 50,
— In the Dimension 3 field: 2,
Note: digits are not allowed in the name definition.
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Having been accepted by means of the OK button, the section is saved to the database.

Dimansion 2: |§Il? |

Unts lom)
e | Concel | oo |
Note: It is necessary to determine the Section Type parameter if there is a need for

designing the section.

10.2.Definition of a user’s sections (solid)

In order to create a solid section (pipe with diameter = 10 em and thickness = 0,5 cm) one should

select the File / New Section / Solid command from the main menu or click the New solid section _!.]
icon in the top toolbar.

10.2.1. Definition of the grid step

Select the View / Grid Step command from the main menu, which opens the Grid Step Definition
dialog box. In the Dx, Dy fields, introduce 0.5 value. Confirm with the Apply button, close the dialog
box by pressing Close.

Dx = [osoo000 fem)

Dy = [0500000 | @m

10.2.2. Definition of the external circle

Select the Contour / Circle command from the main menu (or the Circle Ql icon from the right-hand
toolbar). Once there appears the Circle dialog box, set the following parameters:

— Inthe Center field: 0; 0,
— In the Point field: 10,
— Confirm by pressing Apply.
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10.2.3. Definition of the internal circle

Introduce the value 9.5 into the Radlius field in the Circle dialog box, confirm by pressing the Apply
button, and close the dialog box by pressing x|

10.2.4. Definition of the material to be applied to the contour

Select the external contour by clicking it (contour changes its color). Then, enter into the main menu
and select the Contour / Properties command. The opened dialog box (see the picture below) allows
one to change the material to be applied to the contour.

= Solid Matexial:
(" Opening
€ Nuchantes
T Err
1 -10.0 0.0 |
2 100 0.0 |
Cacd | e | o[

The Properties dialog box is also accessible from the context menu (activated by the right mouse
button).

10.2.5. Results analysis

Select the Results / Geometric Properties / Results command from the main menu or click the Results

._hj icon in the right-hand toolbar. Once the calculations are finished, there appears the Results dialog
box, presenting information on the generated section in the following four tabs: General, Principal
System, Central System and Arbitrary System. In order to calculate the parameters for torsion, one
should check out the Torsion Constant (x) option located in the Additional Calculations field and then
press the Calculate button situated in the Additional Calculations field in the General tab of the
Resuits dialog box. Once the calculations are finished, there will not appear the calculated value of the
torsional constant in the Moments of Inertia dialog box on the Principal System tab, for the section
thickness is too small. Click the Calculation Note button in the bottom part of the Results dialog box
(or select the Resulfs / Geometric Properties / Calculation Nofe command from the text menu) to
generate a calculation note. To save the section in the user's database: one should select the File /

Save fo Databases command from the main menu (or click the Eﬁl icon, located in the top toolbar).
There appears the Section Selection dialog box (shown below), where one should describe the
defined section. The proposed description runs as follows:

— Set the database: User,

— In the Name field: Circ

— In the Dimension 1 field: 10

— In the Dimension 2 field: 0.5

— In the Dimension 3 field: (leave it empty)

— In the Section Type field: select the circle symbol after opening the box and

introduce the relevant values (below).
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Confirm the operation clicking the OK button, the section is saved to the database.

10.2.6. Section shape import form DXF file

Section definition module allows importing section geometry saved in DXF format.
DXF file can be opened by File > Import DXF format.

Units in Job Preferences > Section dimension should correspond to units used in DXF file (in our case
cm). It is recommended to increase Section dimension units display accuracy as well

IECER

(- Units and Formats
- Forces

#]- Structure Analysis
- \Work Parameters

Crack width:

%, Open default parameters
B Save current parameters as default

Using File > Import DXF format. We can import modified IPE 330 section

Robobat Polska Sp. z 0.0., ul. Radzikowskiego 47D, 31-315 Krakéw, Poland
Copyright © 2014 Robobat Polska Sp. z 0.0. All rights reserved



Page 95

BT ——

o ST PeTT SR P S0t Wndow | Hep | Cammeunty

LY SHMR AWRE XY Gk NOE S @ Tevtrmn -
| (T I I ¥ [ J T l I T I 1 I T

-2100 ! -200.0 -190.0 3 -180.0 -170.0 -160.0 - -1500 i -140.0 -1300 : -

Section geometry should be placed in the coordinate system center. It can be done by selecting
contour and using Edition > Translate option
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0 wegme

Then section properties can be calculated
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10.2.7. Saving to the database

Select the File / Save to Databases command from the main menu (or press the _I_@ icon in the top

toolbar). There appears the Section Selection dialog box (see below), where one should describe the
defined section. Proposed description:

— Set the database: User,

— In the Name field: Z,

— Inthe Dimension 1 field: introduce the characteristic dimension
— In the Dimension 2 field: introduce the characteristic dimension
— In the Dimension 3 field: introduce the characteristic dimension

Having been accepted by means of the OK button, the section is saved to the database.

Note: When a thin-walled section is used, it is treated during calculations as a solid section
with the sectional properties disregarded.

One may look through the saved sections by entering the main menu and selecting the Tools / Section
Database command. Once there appears the section dialog box, one should open the user's database
Ruserpro (File / Open existing / Ruserpro). The box located in the top toolbar (first on the left) allows
one to select the saved sections.
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11. EXERCISE NO. 11 “MOVING LOAD DEFINITION”

11.1. Open file 18-moving load

In Autodesk Robot Structural Analysis we can use special load type for moving load definition.

It can be done by use of Load > Special load > Moving load option. User can define set of arbitrary
forces which will be treated as coming from vehicle. Then vehicle route can be defined together with
load step

[ 88 Moving Loads e x )
0D X @ & P
¥ HA-KEL-120
¥% HB-20-45
Case
Number  Name
7w
Route - polyline
[ Define ” Parameters l
Step (m) Load :ﬁrech‘op
1 0:0:-1 o
Application plane i
@ Automatic -
) Selection o
[] Consider vehicle dimensions
[] Consider slab cortour
Object: _ ___ Define
([ fooy ][ Coe ][ Heb ]

11.2.Vehicle definition

After opening of Load > Special load > Moving load option select New vehicle icon . — then New
Define new vehicle name CRANE
In the symmetric vehicle tab define one should select Load type > Concentrated force the define Q=50

and S=9
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@8 Moving Loads \ (e
Vehicle selection
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Then Add option should be used to save new vehicle in database

In very smilar way another type of vehicle Non Symmetrical crane can be defined

Define new vehicle name CRANE NS

F

After opening of Load > Special load > Moving load option select New vehicle icon ——

then New.

In the arbitrary vehicle tab define one should select Load type > Concentrated force then define

FZ=25 and Y=4,5
FZ=75 and Y=-4,5

[

—— e - s 1Y
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| | l v]
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SRS | P —— T
\ I New ] [ Dfle.te |
1 |
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1 | concentrated force FX=0 FY=0 FZ=25 X=0 Y=4 50
2 concentrated force =0 FY=0 FZ=75 X=0 Y=4.5
——— i
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L — length - {m)  force - (kN)
b= 5,00 dl= 0 d2= 0
[ Ad ][ Cose || Hep

Then Add option should be used to save new vehicle in database
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11.3. Moving load case definition and parameters

In Moving Loads dialog box Select vehicle CRANE (active vehicle should be indicated by arrow).
Type in load case name CRANE in Name field.

Graphically define route between nodes 1 and 2 using Define option then Apply
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In the same way moving load case for non symetrical crane can be defined
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11.4. Moving load case definition and parameters

After structure calculation each position of moving load can be analyzed after choosing load case and

l’
its component %‘
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Vehicle position can be seen after switching on Moving loads option in View > Display> Loads dialog
box
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Influence line for selected elements can be displayed by Results >Advanced > Influence line option
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Then results envelope for all moving load position can be analyzed
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