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AUTODESK ROBOT
STRUCTURAL ANALYSIS
FAST OVERVIEW

Synopsis:

The purpose of this Manual is introduce the novice user to the Autodesk Robot
Structural Analysis system and to provide some guidance into the program configura-
tion, menu system and navigation techniques. It will also show the many and varied
methods of input of data and extraction of results.

It is assumed that Autodesk Robot Structural Analysis 2010 is installed on the PC.







GENERAL DESCRIPTION OF THE PROGRAM

GENERAL DESCRIPTION OF THE PROGRAM

What is Autodesk Robot Structural Analysis?

Autodesk Robot Structural Analysis (Robot) is a single integrated program used
for modeling, analyzing and designing various types of structures. The program allows
users to create structures, to carry out structural analysis, to verify obtained results, to
perform code check calculations of structural members and to prepare documentation
for a calculated and designed structure.

Robot - key features of the Commercial version are shown below:

= Linear, nonlinear and dynamic (modal, spectral, seismic, time history, push over,
P-Delta, buckling deformation, plasticity) structure analysis

= working in a multilingual environment (15 languages independently set to user
interface, designing and calculation notes)

= working in a multinational environment - designing according to over 50 de-
sign codes

= frames, plates and shells, plus a powerful GUI modeler and mesher allows the
user to define virtually any shape or configuration of structure — you analyze the
true structure geometry

= quality bi-directional integration with Revit® Structure, plus integration through
IFC, CIS2 etc.

= an open API to allow the user to interface their own applications for pre and/or
post processing

ROBOT MODULES

Robot is a single product with many functions and a common user enviroment.

Once Robot is activated (click on the appropriate icon on the desktop or choose the
appropriate command from the taskbar), the window shown below (Figure 2.1) will
appear on the screen. The window is used to select the type of structure that will be
analyzed or to load an existing structure.

Autodesk Robot Structural Analysis - Getting Started Guide



ROBOT MODULES

Select project:

b e
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Figure 2.1 - Robot modules window

The most commonly used icons are described below:

@ 2D Frame Analysis 2D Truss Analysis

| Grillage Analysis

3D Truss Analysis

Shell Analysis - used to model
surfaces of any shape in 3d
structures

Open the previously created .
@ project file  Z Open a new project

m 3D Frame Analysis g 2D FE Plate Analysis

Bulding Analysis

Table 2.1 - Robot basic modules
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ROBOT SCREEN LAYOUT

ROBOT SCREEN LAYOUT

STANDARD TOOLBAR STRUCTURE MODEL TOOLBAR
- these options are mainly associated with non structural - sections, nodes, members, supports,
items, such as print, save, undo etc. loads etc.

'3 Autodesk Robot Structural Analysis - |2roject: Structure - Results (FEM): none - [Structure - Cases: 0 ()] \__“E| z‘
" ple Edt View Geometry Loads Analyds Resuks Tools Window Help x
D3H @REG XY EE ANEaFELE QA LY R 2 sEF- =]
~ Bl = o W L At il = | 1]
D;c[;pet‘:lm(% X T T T -46.0 T T T -26'0 T T T n!D T T T 26‘0 T T T 4(:\‘,0 T T T Edn ‘: ﬁ
Objects Mumber of objects . ) i
A glodes Sjﬂ s edit, view, tools, preferences LAYOUT SYSTEM > |
2 duilay obiects 040 s - designed to = =
- : : : o take the new user Tl
P through a model =
= : i from start to finish, o I
S while opening pre-  [2- |gl
N : : : i defined windows 1
r f lected task T [P
d ¢l GRAPHIC VIEWER / EDITOR or selected fasis =
_1! b i\ Geometry A Groups | o = @
[=] [=]

-y e - AL
OBJECT k il
INSPECTOR L |
- management = s |E2

h o
of structural VIEW MANAGER s
objects - selection of a work plane; switching between 2D and 3D view | ~ g
s , - , . - ,_12-7 &
[ERT | SO v 4 ST SO % - |o
prpenes [ | - 0, o op, Mo, a0, w0 |
[ | 7| ) =Tt =] IEEN
‘?f;u\ztjwzumm‘% [l I [ 1 [2uPn a0 [ x=3,48; v=0,00; 2=59,03 = 0,00 | Tm] [ki] [Deq]

Figure 3.1 - Robot typical screen layout
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BASIC CONFIGURATION OF THE PROGRAM | Preferences

BASIC CONFIGURATION OF THE PROGRAM

The two options, Preferences and Job Preferences, allowing the user to set pro-
gram parameters in the Robot system, are available from the menu by opening toolbar
Tools and pressing the appropriate icon:

Tools icon
e Help

LY =6 ﬁaéasow R (B E o —

T L2 | P S

36,0 -26,0 -1(|J,(} I Ol.(} I d,[] I 4d,ﬂ I. : B ot
= i

o0l MO EED@SA[E H
Preferences icon | | Job Preferencesicon |

Figure 4.1 - Tools toolbar

Preferences

The Preferences dialog box presented below is used to define basic parameters
in the program:

ﬂﬂpreferences (2]
D”|E|X|*| [5TANDARD =]
- Languages
- General Parameters
-iew Parameters REGIONAL
- Desktop Settings Biegional settings: I Great Britain d ) SETTINGS
- Toolbar & Menu E
B Printout Parameters adJUSt the
- dauithorization Key wiorking language: IEninsh j % databases
- dvanced (profiles,
materials),
Printout language: IEninsh j : units and
codes to the
standards of
¥ Update Preferences on exit Accept I Cancel | Help | 2 G

Robot is a multilingual program - the user can independently set different
languages for input and printout, if desired

Figure 4.2 - Preferences menu
Autodesk Robot Structural Analysis - Getting Started Guide



BASIC CONFIGURATION OF THE PROGRAM | Job Preferences

The most regularly used options are:

= languages - selection of regional settings (definition of the country whose codes
materials and regulations - e.g. code combination regulations - will be used dur-
ing the design process, calculations and structure design) and working and print-
out language

= general parameters (saving parameters, number of recently used structures,
sound on/off etc.)

= display parameters (colors and fonts for screen components)

= toolbar and menu (menu type and the type of toolbars)

= printout parameters (colors and fonts for printouts, scale and symbols,
line thickness)

= protection parameters (protection, authorization) - for changing
the system protection

= COM interface - presentation of the registered additional programs/modules

Job Preferences

The Job Preferences dialog box, presented below, allows you to define general
program parameters to be used in a given project:

EJoh Preferences EHE
ﬁ'lﬁlxl*l |DEFAULTS =l

El- Units and Formats
: Dimensions
Forces

Other Farce: IkN j ID'21 JJ il
- Urit Edition
aterialz
atabases Morment: IkN"m _I jo.21 Jj H
esign codes

tructure Analysiz
‘whork Parameters

Streszes |MN.-"m2 _I ID'21 JJ il
Wg’g Open default parameters |
B Save cument parameters as default | ()3 I Cancel Help

Figure 4.3 - Job Preferences menu

The most important functions are:

Autodesk Robot Structural Analysis - Getting Started Guide



NAVIGATION TECHNIQUES

* number units and formats (dimensions, forces, possibility of unit edition)

* materials (selection of material set, according to the country and the possibility
of creating user-defined material)

= section database (selection of the appropriate database with member sections)

= structure analysis parameters (selection of the static analysis method and defini-
tion of basic parameters for dynamic and non-linear analysis; selection of analy-
sis types, possibility of saving results for seismic analysis — combination of seis-
mic cases)

= parameters for generation of surface finite element meshes for plates and shells

NAVIGATION TECHNIQUES

In the Robot software, various mechanisms have been introduced to make struc-
ture definition simple and more efficient. According to the type of operation performed,
the mouse cursor changes its shape to:

* “hand” - a selection mode for highlighting entities

= “cross pointer” - during node and bar definition, to define precise points e.g. start
and end points of members

= shape of the appropriate feature e.g. when adding sections the cursor is in shape
of an I section, when adding supports a support icon appears etc.

The cursor operation in a viewer by means of the third mouse button (or wheel) is
identical to that in the AutoCAD® program. The following cursor support modes
are available:

= wheel rotation - zoom in / out

= wheel rotation + Ctrl key - horizontal pan

= wheel rotation + Shift key - vertical pan

= pressing the third button - pan

* double-click with the third button - initial view

Autodesk Robot Structural Analysis - Getting Started Guide



NAVIGATION TECHNIQUES

The user should take note of the work capabilities in 3D views when the menu option
Dynamic View (View > Dynamic View > Dynamic View) is switched on. 3D viewing
enables work in one of five modes:

= four simple modes: 3D rotation, 2D rotation, zoom and pan
= one multi-function mode

The user may switch from one work mode to another by selecting an appropriate option
in the View / Dynamic View menu, on the View toolbar and in the context menu. After
choosing a work mode, the mouse cursor movement (with mouse left button pressed)
brings about the relevant change in the 3D view:

= 3D Rotation - rotates a structure in all planes

= 2D Rotation - rotates a structure in the plane parallel to the screen plane

= Zoom - movement down the view - zooming in / zooming out a structure to /
from the screen plane

= Pan - movement in the view plane (structure shift with respect to the
screen center)

The multi-function mode (Rotation / Zoom / Pan) enables work using all the modes

at the same time. The viewer of 3D view is divided into quarters and each of them is
ascribed one of the modes:

2 % top left: 3D rotation é?l.:l top right: pan
N
, z,
Ell:lln' bottom left: zoom ([ 4 bottom right: 2D rotation
= &

-'-'.
o

Table 5.1 - Cursor modes

Once the cursor is positioned in the relevant quarter of the screen, the cursor shape
changes (see the icons above).

Autodesk Robot Structural Analysis - Getting Started Guide
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METHODS OF WORKING WITH ROBOT INTERFACE | System menu

Navigation tool (ViewCube) is also available in the program. ViewCube is a 3D
interactive tool that lets you reorient a view and set the current orientation of a struc-
ture model. Clicking a predefined face, edge or corner on the ViewCube, you can re-
orient the view of a model. Moreover, clicking and dragging the ViewCube lets you
reorient the model to different directions. Access the ViewCube option by selecting
the View > ViewCube - Properties.

N

Figure 5.1 - ViewCube

The ViewCube also uses the compass to indicate a direction from which you view a
model. To change the viewpoint of a model, click a selected direction on the compass
(N, S, E, W). You can show or hide the compass from the ViewCube context menu after
you right-click on the ViewCube and select the Show compass option.

METHODS OF WORKING WITH
ROBOT INTERFACE

There are two methods to work with Robot - by using System Menu to entering
data, or special Layout System.

System menu

The system menu consists of two parts: a text menu and toolbars with appropriate
icons. They can be used interchangeably, according to the users’ needs and preferences.
Both are displayed in the same way - as a horizontal bar at the top of the screen (ad-
ditionally, for some layouts in the Robot system, another toolbar with most frequently
used icons is displayed on the right side of the screen).

Basic options available within the modules are accessible both from the text menu and
the toolbar.

Autodesk Robot Structural Analysis - Getting Started Guide



METHODS OF WORKING WITH ROBOT INTERFACE | System menu

Though contents of the text menu and toolbars for successive modules vary, the main
options are always available regardless of which module is active.

The figure below illustrates both types of menus (the main menu that appears once the
Start layout is selected is shown as an example):

Fle Edl Wew
: STRUCTURE

D@E a =2 MODEL bar
Pl g T D ] T oLl 5 | o
[y ¥ T — — —— . - ] - additional
Y 300 . 20 |00 . 00 100 . A9 o . € 2l <ide toolbar

st 9 @ 1
S ==k | SYSTEM MENU - text menu i ‘fN'th motslt

Elsesdin 00 = | &standard toolbar = urseg:fcr;né

I 1] &

Figure 6.1 - System menu

Options available in the text menu are grouped as follows:

File menu

3 Autodesk Hobot Structural Analysin
Gl Edt Vew Geometry Loads Anahests Rendts Took Window Help

e Prigect... Cubi : H Iﬁ u ﬂﬁ

+ & dpen Progect... e

Project: Frame - Results (FEM):

e = B L FILE MENU - contains options for:
of — —_— = File management (New, Open, Save etc.)
& e ks
(] e ) = Calculation notes and drawing printouts
H ::"“:“”'”f“"“":'l"m . Feum (Screen Capture..., Printout Composi-
e i tion... etc.), a list of information about
i) e project and a list of recently open files
&8 e ik 2
Prickes Sattngs... L o
— 3 64,57
L L
L PromatsiFrane.nd g-sri_:-_a 3

2 Tade e Grenoble -

2 Gare de Shangha Sudstd =4

4La Tour Granke_mocial rtd —S“ "
48,56 -

0.

Figure 6.2 - File menu window

is - Praject: Structure - Results (F'F
s Resds Took Window Heb

b Qo e KU BG %ﬁ
H .,""TI—XGQ i jﬁ! [ ks
Edit menu = bl
| Deiefts 3% Qe Dalste B F
EDIT MENU - contains options for: o TR
= Elements edition (Undo, Redo, Cut, ]
Copy etc.)

= Selection (Select...,Select All)

= Selection using filters (Select Special)

= Model modification (Edit, Complex
Edit..., Divide, Intersect etc.)

Figure 6.3 - Edit menu window

Correct Drimgging Mo, .. L
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METHODS OF WORKING WITH ROBOT INTERFACE | System menu

View menu

obot Structural Analysis - Project: Structure - Resulls (FEh
VIEW MENU - contains options for:
| $8G AN » 2D/3D vi hent of a structure’
o o e am e view management of a structure’s
== M ! model (Dynamic View, Zoom, Pan etc, Work
TR e q ECH R in 3D)
Dbt —{  Aosan £ : = Structure attributes to be presented on the
Thu) ¥ : screen (Display); definition of grid parame-
o T .
oo v O ; ters (Grid)
be) g ~§-Rb-‘-?-- e = Selection of tables with data or results
b e = (Tables) and saving defined views of a stru-
] : cture (History)
Figure 6.4 - View menu window
Geometry menu
L3 Autodesk Hobot
e~ 1 F s GEOMETRY MENU - contains options to:
P — ::::"“’" 2 = Select or modify a type of a structure
E I = Define a model construction axis (Axis Definition)
L ST P :
e sl J = Define structural data - nodes, bars, panels and
P Atk Sructrs . auxiliary objects
Sibus | mers.. | = Define materials
ool naics . = Define bar profiles and their orientation and
Pred L sppors. direction of local coordinate system
Pared 10|15 n 1 1
P AT . Define supports and many other structural items
s Bl :
o FriA—

Figure 6.5 - Geometry menu window

Loads menu

L3 Autodesk Babol Sruetural Analysis

Project: $tructure - Results (FE

LOADS MENU - contains options to define load
cases and combinations

1 i 4 -
Su 2 52 sefect Case Componert:
[T -
w4 Saghect Mexfs.
s & Seect Resuk Ty
Ba 6
b ? speci Lpads
P

Figure 6.6 - Loads menu window
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METHODS OF WORKING WITH ROBOT INTERFACE | System menu 1 3

Analysis menu

% 5 ANALYSIS MENU - contains options to:
glﬁiﬁfﬂ?} ey - = Start the calculation process
T = r = Change from linear to non linear, P-Delta
¥X |8 - or buckling
=L e £ = Set up dynamic analyses
T VLY Dmonof ¢ Strustrs oerts i = Design concrete beams, columns and
e 3 B o . surfaces

Figure 6.7 - Analysis menu window

Results menu

RESULTS MENU - contains options to:
A =l E i — = Display beam results graphically
S of | . = Display detailed results for beams graphi-
TE S 2 tacs..
[r=ra—rrey | R CE_lUY
m L Fr— | T = Display results for surfaces
g A s I tuciaconeres = Display tables that easily be edited, sorted,
[*2* Dgflections: .
e Il zceers filtered, exported to MS Excel® etc.
Paned 49 | 1 crresses
Phhrce? 4 #lot 2 el Resiks
Pard 120 s .
Parmd 144
:z :;;“I I vttt anatysis....
fared 100 W Global Anayes - Bars..,
Parmd 216 Avarced *
e - .

Figure 6.8 - Results menu window

loods Anayss Pesubs

1 .
Tools menu Do Awd@ X y[Tr—=
I_“!\Ti ;I --l'-,FB é s ared Foriats., . I
[y r— 5] i
TOOLS MENU - contains differ- %X Q E :“““““'"
ent types of configuration options g e | s petnton
(Preferences, Job Preferences...) < o vzt L | @ o,
' B 1 =)
and possibility to define user’s in- o S o ke
terface, menu, shortcuts and form B 4 S Weseo.
2 o ) [ caouser..
of calculation notes - £
9: & Paspwcrd Probection.
oy 9 B Drionary...
Ba 10 L] il reeterences.,
g: :; S BB 3ok Prefexonces...
By 13 " Caloulstion Note Freferences. .. |
= B o 1
Bx 16 i

Figure 6.9 - Tools menu window
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METHODS OF WORKING WITH ROBOT INTERFACE | Layout System

Window menu

ructural Analysts - Project: Strocture - Resulls [FEM): none - [Structure
B Fle Ede View Geometry Losds Anabss fesubs Tooks [EEESH

U3EH SR e XY G
i N =] A= The Vertally
Ctyant Insperics E| Cancade
TE | Q e : WINDOW MENU - offers options to ma-
sl [obusiopuss L nage and arrange the graphic windows
i L P ; and an option to activate/deactivate the
-l P rvecte g o “Object Inspector”
:s ; ..J.:__m.\k,.!knm

Figure 6.10 - Window menu

Help menu

'Y Autodesk Robot Structural Analysis - Project: Structure - Results (FEM): none - [Structure -
" File Edk Wiew Geometry Loads Analysis Resubs Tools Windfw | Help

D2H QYRS X% @ 60w

Tip of the Day

A 5| ] e Hll HELP MENU - contains help options and
W o | R various product information items
. . . - @@ ROBOT - Infarmation
Objects Humber __
A Nodes 08
B b e

o

Figure 6.11 - Help menu window

Layout System
The second method of work with Robot is by using the special layout system.

Robot has been equipped with a layout mechanism that simplifies the design process.
The layouts in Robot are specially designed systems of dialog boxes, viewers and tables
that are used to perform specific defined operations.

Layouts available in Robot were created to make consecutive operations leading to
defining, calculating, and designing the structure easier - the layouts guide the user
through the process from model generation to results.

In order to make the system as easy to use as possible, each layout has its own predefined
set of windows which are automatically opened on entering the layout and closed
on exit.

Layouts are available from the selection list found in the right, upper corner of the
screen:

Autodesk Robot Structural Analysis - Getting Started Guide



METHODS OF WORKING WITH ROBOT INTERFACE | Layout System

SYSTEM LAYOUT SELECTION WINDOW

A list of standard layouts available in Robot.

This example shows the layouts for a shell structure and
the layouis vary depending on the structure type

o Picoatties
& Supports
(0 Load:
23 Rusulls
A suueture Desion
# AC Beams

G

Figure 6.12 - System layout selection window

The layout order and arrangement follows a chronological process, starting from defin-
ing nodes, beams, then supports, sections etc.

& Geometry éﬂ DEFINITION OF STRUCTURE MODEL
A Structure Model Contains layouts relating to the geometry and basic defini-
t—lG =ametny tion of a structural model, such as supports, sections etc.
A Modes
— Bars
@ Properties
= Supports
|88 Loads RESULTS
=i Results Contains layouts showing beam results, maps on surfaces
H Structure Design Sie.
£* RC Beams
& RC Columns
&P Foundations
£ Continuous Footings
&% RC Slabs DESIGN
} Connections Contains layouts relating to steel and concrete design, slab
design etc.

Figure 6.13 - System layout selection window - chronological layout order

A typical layout for nodes is shown - note that each window cannot be closed until
a new layout is selected.

Autodesk Robot Structural Analysis - Getting Started Guide
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1 6 METHODS OF WORKING WITH ROBOT INTERFACE | Layout System

LAYOUT SELECTION PULL DOWN MENU
- in this case layout Nodes is selected

d b Ana Proje oryed b ding d t
File Edt Wew Geometry Loads Analysis Resulbs Tools Window Help
[ B By ey B R S VIl A = D & =& -7 -] 3
BHAWRE@ X4 ERasY d2es ¥ Ho B
[3
LAY Ell==] : ZIht L] =l
D = ode =
@ Humber: 20173 &
m T @ [ .
i @ A fose | Hep
GRAPHIC VIEWER / EDITOR B ; | | AL
T L & ® : 5l |
T | el - % o ;
: T iy = tode | x(m | Yem | zim [=foy
; g 1 1283 1122] 1247
e ] o 2 1588 1122 1247 fuan) |
3 34| 2434 1247
4 3] s Taar O
5 1932| @602 1247
[} 2933 @EO2| 1247
7 s394 ee02 1247
3 B3g4|  eepz|  1zaT
9 34| \B02| 12,47 E
10 145 8602 12,47 { |
1 7959 4331 1247 %‘
12 753 2882 12,47
13 7959  EBBAT 12,47
11 TiEz| ez 1247
15 I
16 BOGE| 1453 12,47
17 7959 1453 12,47
18 2035 B3| 1247
19 5384  BBST| 1247
20 B384 EBBAT | 12,47
21| 1115 537 1247
22 T8 1122 zAT
23 BOGE| 2982 12,47
24 BOGE|  EBEAT | 12,47
| 35 | 1512|  mod| 1247 v
EEREEEEFEEEE] BIEED <[ » [\ values \Edit £] « v
(Stuctwre  Modes | BN
Svd BB 2 @) @) () | leoi73 B (767 [HSROIDxD.625 [ x=34,25 y=86,02%;z=82,71 |5 0,00 | [m][kN][Deq]
Dialog boxes to show entered data. It is also STRUCTURE MODEL TOOLBAR - this (as in other
possible to enter data manually in this screen layouts) contains data relating to structural enti-
or to paste from programs such as MS Excel® ties, but limited to the type of data that is appropri-
ate to node definition

Figure 6.14 - Typical layout for nodes

However it is not necessary to define the structure according to the layout order. This
may be done in any order chosen by the user. The layout system was introduced in such
a way that Robot structure definition is intuitive and efficient.

All Robot operations may be performed without using the defined layouts but by

using system menu instead or also taking advantage of both methods (simultaneously)
according to the user’s needs and preferences.
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ENTERING THE STRUCTURAL ANALYSIS DATA

ENTERING THE STRUCTURAL ANALYSIS DATA

There are 3 ways to enter data:

1. By entering data using the appropriate text dialog box or direct in a table (or
pasted from MS Excel®)

2. By entering data in the Robot GUI - using tools for graphic structure definition
- i.e. snap grids or structural axes.

Examples of data entering using the System Layout mechanism (for Bars and
Loads options) are presented below:

Autodesk Robot Structural Analysis - Getting Started Guide
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1 8 ENTERING THE STRUCTURAL ANALYSIS DATA

GRAPHIC VIEWER/EDITOR allows
the user to enter and view data Dialog box to load cases definition

File Edt Wiew Geometry Loads Analysis Resuls Tools Window Help

2EHEERE XE AN EEL QASBY AMu s & Boes 5|

A | Sz B Ml sl L =]
P =] o
@ T /_)/.:::}::.-r-”’ i S f‘ij:_‘__ i T = Case description s
= | el h e hE Nare: [ive =] Mew
@ @\J ; "é"'j:: S number [5 Lebet L3
b = =6 Name:  |LL3

List of defined cases:

ik Mo | Casename [Hatwe Al ‘
i 1 L1 daad J

i
i
i
i
i : 2 -2
(e
e j o Load De 0 =
BT =
i

Case Mo: 2 LL1 4
‘i% i Selected  Unifom load o | ossar | HIT)
i B
EEREE [ =] e Hode Sf e 1 |
enia ase = 7 2]
self-veight 1t 10ta193 [Vhole structu -Z Factor=1,00 |MEMO:
(FE) uniform 31810320 PX=0,0 PY=00 PI=-050 lobal
Dialog box to define different types of "
loads (node, beam, surface, self-weight) (
s | oese | hes |
4 [ [\ walues } Table edition £ Textedition £ Info £ Cases ]« | » B
Stuctwre  Obcigzenia |
1
Data concerning defined load cases [case, Toolbar with load tools (including
load type etc.) in tabular form advanced options such as soil loading,
vehicle loading etc.)

Figure 7.1 - Examples of loads data entering with System Layout mechanism

3. By entering data in another application and importing into Robot - several file
formats are supported including:

DXE, DWG, IFC, SDNF (steel detailing neutral file), CIS/2. A dynamic link to
and from Revit® Structure also provides bi-directional integration.

As the preparation of the structural model progresses, the user can control ex-
actly what is seen on the screen by using the Display settings (it is available by

Autodesk Robot Structural Analysis - Getting Started Guide
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. mm . . .
pressing Ba icon from context menu or direct from the bottom, right corner on

the Robot screen):
Display = B
Template: |Standard j 1' E_:'l H_I _I>\ ﬁj
— o = DISPLAY allows the user
ame i to switch on and off a wide
Nodes Mode numbers O B 2 2 2 2
e selection of items, including
Bars o =
Panels / FE = node and members numbers,
tﬂloa;léswith colors = ]- =& section shapes, supports, FE
View (Open-GL version] O | e mesh and also sets up hidden
oy e anadt e m line and render options.
ruciure o i . . N
[+ G A wide range of customization
Difsets O | options allows to the user
[+] Load symbols W to define a view of structure
q o Load values [l - | as required exactly to user’s
= | [l Structural axes M EE
— uctural sxe: | |55 preferences.
M| OO M| O
T IBU 3: Drizplay attributes only for
Symlbal st r selected objects
Help | 0k Cancel |

Figure 7.2 - Display window

After defining the model data, the user now proceeds to the analysis stage.

However, prior to this stage, the model must be “discretized” into finite elements.
Robot has wide ranging capabilities for “automeshing” the structure and meshing is
generally a very fast process for even the largest of models. Some of the “meshing pa-
rameters are shown below:

DOptions of FE Mesh Generation

Y R
|

MESH REFINING OPTIONS allow
the user to easily refine the mesh in
user selected areas.

AUTOMESHING PARAMETERS can mesh all or part of the
structure and also define mesh density and meshing type

Figure 7.3 - FE Mesh Generation toolbar

Example of structure with meshed panels is shown below:
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ANALYZING THE STRUCTURE

sulks Tools  Window

Jl@ﬂ%@ﬂ@ﬁ)(l%ﬂﬁ EE B QS BY R 2ui @ & FEcy j|
[T B 2 e FE =it Sl ey

Ehizer bepmaa B o]
TE|Q = Options of FE Mesh Generation

Objects Hurbe of obie = | ; el Y 3 BE 04 O 24 0 @ EY

A Nodes v — ‘ e

I :I\ Eeommp‘ Groups
Mame  Value | Unit «]

l

AD EE Oy BH VLT[> %209

Properties / 4 ~|
LR B == Y| » =5
|Structure

"j\rj ﬁﬁ';g & & | [4s197 [Bi[7e2  [TH12 CON [[£ x=48,23; y=5,12; z=21,65 |= 0,00 | [m] [kn] [Deg)

Figure 7.4 - Example of meshing

ANALYZING THE STRUCTURE

Structural analysis can be started by selecting one of the two “calculation” buttons
in the horizontal toolbar.

1'% Autodesk Robot Structural Analysis - Project: Multistoryed building - Res

LFiIe Edit Wiew Geometry Loads Analysis Results Tools  Window  Help

IHdawRE@X@EhN o
A | ] ~l e [al dab |

Object Inzpactor »
I TE|Q

Figure 8.1 - Calculation icons
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ANALYZING THE STRUCTURE

The icon on the left side starts the calculation process. The second icon is used to set dif-

ferent analysis parameters. This option allows the user to change specific analysis types

from linear to non linear or to set up dynamic analysis.

Analysis Types l Stucture Model | Load to kazz Conversion I Combination Sign | Besult F_j

Mo

I I ame

! Analysis Type

|~

12 IR QFF!\IIF‘FYHIF!FF‘TIHN u]

- 1 DEAD LOAD Static - Linear
2 LIVE LOAD Static - Linear
3 HORIZONTAL LIVE LOAD Static - Linear
4 HORIZONTAL LIVE LOAD = DIRE...  Static - Linear
5 ULTIMATE WMDY DIRECTIOM ... Static - Linear
E ULTIMATE WMDY DIRECTIOM ... Static - Linear
7 ULTIMATE WIMD - DIRECTION ... Static - Linear
g ULTIMATE WIND ¢ DIRECTION...  Static - Linear
9 ULTIMATE WIND = DIRECTION Static - Linear
10 ULTIMATE wIND - DIRECTION Static - Linear
11 WwiND SERVICE ¥ DIRECTION UP Static - Linear

Static - | inear

Mew l

— Operations on zelection of cazes -

e .

Parametersl ! Ehangeanaly3|stype ! [elete ||

Case: DEAD LOAD

Previously: Static - Linear

Mew analysis type:

@ Statics

O Buckliing

(O Harmonic analysis

O Modal taking into account static forces
tdodal

O Push aver

Harmanic in the frequency domain (FRF)

Lok J[ cance |

Help

Case list | |
Set parameters i Change analysis type ‘ Delete |
v Model generation Calculations l Cloze I Help I

Figure 8.2 - Changing analysis parameters

As a default, all analysis is set as “linear static”, unless the user has included some mem-

bers or parameters such as cables, tension only, hinges etc. In such a case the analysis
type is automatically changed to “non linear” and Robot will apply the loads incremen-
tally to ensure the true structural equilibrium and a final exact geometry is reached.

Robot has many non linear parameters that the user can set in the case of non conver-

gence of analysis data, including the options to set full or modified Newton-Raphson

and “step halving” In addition to general non linear calculations, the user can also set

the following analysis options:

= P-Delta
= Modal
Seismic (to codes such as IBC, UBC, EC etc.)
= Spectral response
* Time history

* Buckling

Autodesk Robot Structural Analysis - Getting Started Guide
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RESULTS PREVIEW | Graphical results for beams

RESULTS PREVIEW

The Results Layout shows a wide range of analysis results presentation.

! NOTE: |
All of results preview options are also available through the RESULTS pull-down menu.

w Egi; ) Results - diagrams L]'

|9 Suucture Model User can view results of calculations by selecting
:I" |<® kiR esults) the results layout, where a set of submenus for

= | = Resuls - diagrams particular results then appears
@ Fesults - maps

1 == Detailed Analysis

B Stress Analysis - bars

(0 Stress Analysis - structure

H 5 [luc[ule D esign

Reactions I f
MTH

B £ RC Beams
=
. [~ FxFore 1 RC Columns
&P Foundations

. ™ FyFor| 5P Continuous Footings

. [~ FzForg P RC Slabs
* Connections

. I b= bor .)..& TD,DIS T

1

Figure 9.1 - Results type selection from results layout

Results can be split into various categories, each having their own characteristics.

Graphical results for beams

(graphical results for individual beams, or selection of beams, or groups of beams
presentation - bending moment, shear, stress, deflection animation of results in .avi
format etc.)
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Graphical presentation of results as diagrams

in graphic Viewer/aditar Dialog box selects type of result to be displayed

13 Autodesk Robot Structural Analysis - Project: Multistoryed building - Results (FEM): available

File Edit Yiew Geometry Loads Analysis| Results Tooks Window Help

SHSwR @ X|d (218 QRGEY B2 H &|[Sre o -
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A3 Sl e [l B L2 o TR v O
D m] = Diagra &
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Diagram seale for 1 [cm]

B FxFoce [ [N)
B R [ W)
Wrrere [ m
B MeMoment | (kem)
B ¥ bybonent | 7375 [im)
B oMzMomen | kN

Elastic ground reactions

B [ KvReaction (K]

B | KzReaction (kM)
A | Nene | [ Homaize |
Diagiamsizs: + | - |

S | I Openanewwindow [ Constant scale
RN =
(R I = EE EC == » [[==]m Apply Close: Help
Reactio e co ase a4 679 10 |

ordinate em: globa

A AR ENTEETE T T

WodeiCase | EX(kH) | FY(d) | FZ(dD MX (kHim) MY(im) | MZ (klim)
309/ 1 -2,50 0,01 12,11 -1,08 -0,14 -0,09
309/ 2 -0,07 -0,01 038 0,03 -0,00 -0,00
309/ 3 2,13 082 10,89 028 014 -0,04
309/ 4 -0,11 0,00 051 005 -0,01 -0,00 -
<[ » P\Values £Envelope A Global extremes £ Info f K3 |»
|Stucture  Reactions |
SHve BB @ @) ) | 42043 [Bd 770 [CRO,30x0,30 |} x=123,37; y=53,25; 2=18,51 |= oo | [m] [k] [Deq]
Tables of results - can easily be con- Side toolbar shows additional results of structural
verted to MS Excel® format by clicking analysis in tabular form, graphical form, plus links to
right hand mouse design modules

Figure 9.2 - Results in the diagrams form

There is also easy acces to calculation results for single bars. In context menu of the bar
(right mouse click on the element, then select Object Properties option) user can see
diagrams and values for selected quantity of internal forces.

Autodesk Robot Structural Analysis - Getting Started Guide
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24 RESULTS PREVIEW | Graphical results for surfaces

22 Bar Properties : 168 - 1 (DL1)

Geometryl Properties  MTH |Displacements| Code c:hec:kl

ogp MY N
o.oo\ /\ A P
S i
— Length (m) A right mouse click on any bar
TU.oo 10.00 20.00 30.00 40.00 50.00 G0.00 displays its properties and results [|f
Diagram———— q 3
Bar / Point () == analysis has been carried out)
Current value 438 Hrr Bl
for bar: 168 B BV
in point: x=0,0 {m) . " . W
. [~ Smax . ™ Smin
& alues 7 Entremes

Apply I Cloze l Frintout | Help |

Figure 9.3 - Calculation results for single bar

Graphical results for surfaces

(graphical results for surfaces, contour maps for bending, deflection, stress, animations;
“reduced results” showing global forces in surface cuts, including direct reduced results
for cores and stift diaphragms)
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Graphical presentation of result maps in
graphic viewer/editor

Fle Edt Wew Geomelry Loads énsis Resks Tools Window Help

RESULTS PREVIEW | Graphical results for surfaces

Dialog box to select type of map to display

L3 Autodesk Robot Structural Analysis - Project: Multistoryed building - Results (FEM): available

SHOwWRE X4

s Qe BY RYY S B |[@aw

M Structure - WNorm. (in) Cases: 1 (DL1)

T Bl B S E—— ) -@!5 Bt grgr e 2

D Maps

Parameters | Scals | Defomation | Crosses |
Detaied | Piincipal | Complex

Layer : middle

Direction 5

]
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Membrane forces - N
Moments - M

Shear stresses - t

Shear forces -0
Displacements - uw
Ratations - A

Soil isactions - K.

whada & EE=E LY

|smaothing within & panel ~|
" lsalines IV with normalization
= Maps I~ with FE mesh

" Walues ™ ‘wiith description
I~ Open new window with scals displayed

Close Help
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5
2
o
=

| 42043

|81 770 | TH1Z_CoM

|| x=79,59; y=5,12; 2=32,81 |= 0,00

Figure 9.4 - Results in the maps form
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RESULTS PREVIEW | Tabular results

Tabular results

18 Autodesk Robot Structural Analys!

File Edit
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1
Tables can easily be edited, enveloping results, Dialog box used to define contents of the
setting limits, filtering data by load case etc. table. It is available from the menu activated
by pressing the right mouse button when the
cursor is located in the table, and selecting

Figure 9.5 - Tabular results

Robot tables can be easily transferred to MS Excel® by pressing the right hand mouse
button.

Inside Robot, the tables can be manipulated in many ways, in the same way as input
tables:

= filtering data for specific load cases, members or groups of members
= filtering data inside or outside user defined limits showing global maxima and
minima for selected members, nodes or surfaces
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REPORTS AND PRINTOUT COMPOSITION

REPORTS AND PRINTOUT COMPOSITION

Robot has a built in “report generator” which permits the user to create a user
defined printout for a Project.
There are two options on the menu bar - “Printout Composition” and “Screen Capture”
which help to prepare the final calculations notes, tables and graphic printouts.

Autodesk Robot Structural Analysis - Project: Multistc

Dialog box used to define contents of the table - it is

B0 E WED (Feaiy (R GERED [ I°°' i available from the menu activated by pressing the
@ % @ﬁ @I@I X M right mouse button when the cursor is located in
2 * — the table, and selecting TABLE COLUMNS

-~ El L”@"

Tables can easily be edited, enveloping results, set-
ting limits, filtering data by load case etc.

Figure 10.1 - Printout Composition and Screen Capture icons

The Standard tab lists a set of predefined options for printout, which can be mixed with
screen captures to the user’s requirements.

M Printout Composition - Wizard

Standard | Screen Eapturesl Templatesl Simplified printoutl

Available report components: EI Elll il ﬁ@@lﬂ

| Structure View o~
Add » |
All s |

<< Standard |

List of final printout, show-
ing order of data to be
printed - the dashed red
line indicates a page break
between each item

Loads - Cases

Loads - Values

Fage Setupl Freview | Frint | Save || | /’ Help |

Various method of saving
the report - in .doc, html
and sxw formats

Predefined list of printout components

Figure 10.2 - Printout composition
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ADVANCED ANALYSIS AND DESIGN

A key feature of Robot is that all of the data in the program is saved in a com-
mon binary file - this data includes input, output, design plus also printout data. When
structural data is altered or amended the output and printout (tables and graphics) are
automatically updated on re-analysis to reflect the new results of the analysis. This is
particularly useful when considering a schematic design or “sensitivity study” since the
printout is automatically updated at every analysis step to reflect the current structural
configuration.

ADVANCED ANALYSIS AND DESIGN

Following analysis of the structure, the user may wish to take advantage of many
of the additional features — such as:

= Steel design
= Concrete design for beams, columns, floors

* Advanced analysis — P-Delta, dynamic etc.

These items are beyond the scope of this “Getting Started Manual” and are covered in
more depth in the help for Robot.
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LIST OF SHORTCUTS

LIST OF SHORTCUTS

In order to Press
select all Ctrl+ A
copy a text or a drawing Ctrl+C
open a new project Ctrl+N
open an existing project Ctrl+0
start printing Ctrl+P
save the current project Ctrl +S

cut a text or a drawing Ctrl + X
repeat the last operation Ctrl+Y
paste a text or a drawing Ctrl+V
undo the last operation Ctrl +Z
display the 3D view of a structure (3D XYZ) Ctrl+Alt+0
project a structure on XZ plane Ctrl + Alt + 1
project a structure on XY plane Ctrl + Alt + 2
project a structure on YZ plane Ctrl + Alt + 3
zoom in the structure view on screen Ctrl + Alt + A

display the initial view of the structure (defined by the initial an-
gles and scale)

Ctrl+ Alt+D

“exploded” view of structure elements (on/off)

Ctrl+ Alt+ E

loads) presented on screen

zoom window Ctrl + Alt + L
turn on/off section drawing display Ctrl + Alt + P
screen capture Ctrl+ Alt+Q
zoom out structure view on screen Ctrl + Alt +R
turn on/off section symbol display Ctrl+ Alt+S
rotate continuously around the X axis Ctrl + Alt + X
rotate continuously around the Y axis Ctrl + Alt+Y
rotate continuously around the Z axis Ctrl + Alt + Z
delete a text or a drawing Del

call Robot Help system for the active option in the active dialog | F1

box

call text editor F9

reduce structure attributes (supports, numbers of nodes, bars, | PgDn

loads) presented on screen

enlarge structure attributes (supports, numbers of nodes, bars, | PgUp
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3D FRAME STRUCTURE

Synopsis:

The purpose of this example is to show the ease of definition, analysis and report
generation for a simple steel 3D frame in Robot.
For this example, it is assumed that Autodesk Robot Structural Analysis 2010 is in-
stalled on the PC.







CONFIGURATION OF THE PROGRAM

CONFIGURATION OF THE PROGRAM

Following installation of Robot, the user may configure the working parameters
or “Preferences”. To do this:

1. Start the Robot program (click the appropriate icon or select the command from
the taskbar).

2. On the opening window, displayed on the screen click the last but one icon

in the first row (Frame 3D Design). Other options are for 2d and 3d

frames, models with surfaces such as walls and floors, access to stand alone de-
sign modules etc.

a
3. Select Tools > Preferences from the text menu or click on the @ , then HULE

icons on the toolbars to open the “Preferences” dialog box. Preferences allow the
user to set up working and printout languages, fonts, colors etc.

ﬂﬂ Preferences

=B X% |5TANDARD v]

General Parameters
“iew Parameters
Desktop Settings Begiohal settings: | United States v |
Toolbar & Menu
Printout Parameters

Authorization Key ‘working language: | English b | \%
Advanced

FPrintout language: | Englizh R |

[¥] Update Preferences on exit [ Accept ][ Cancel ] [ Help ]

Figure 1 - Regional settings in Preferences dialog box.

4. Select the first preferences option - Languages (tree on the left part of the win-
dow), then as the Regional settings choose United States.
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34 MODEL DEFINITION | Bars definition

_________________________________________________________________________________________

NOTE:

Regional settings set the default databases (profiles, materials), units and codes to the stan-
dards of a country. In the example above, we have chosen American section database (AISC)
and metric data units: [m],[cm], [kN].

NOTE:

You can check active units in right, bottom corner of the screen. In this example should be
the display: [m] [kN] [Deg].

MODEL DEFINITION

Bars definition (frame 2D)

In this step, you create frame members consisting of 2 columns and a beam.

1. Click ™~ icon (right side of the screen) to open the Bars dialog box.
2. Set Bar type: as Column - whatever is selected is not important for analysis, but
affects the design parameters for subsequent member design, such a buckling

length, position of restraint etc.

3. Define Section: as W14x211.
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MODEL DEFINITION | Supports definition

NOTE: i
If the W14x211 section is not available on the list, you should click the [...) button located |
beside the Section field and add this section from the database. In opened New section

dialog box, in Section selection field for Database: AISC - choose Family: W then Section:
W14x211. Click Add and Close the box.

. INFO

There are many extra options that may be entered for fabricated mem-
i bers, tapering sections and also for beams that the user wants to define |
i as able to exhibit plasticity. :

4. Enter the following points in the Beginning and End field:
- to define first column of frame: (0;0;0) and (0;0;3) Add
- to define second column: (7;0;0) and (7;0;3) Add

5. Set Bar type: as Beam.

6. Define Section: as W14x211.

7. To define a beam in the structure, enter the following points in the Beginning
and End field: (0;0;3) and (7;0;3) Add.

8. Close the Section window.

Supports definition

In this step, you create supports for the frame structure.

&
1. Click # icon (right side of the screen) to open the Supports dialog box.

2. To choose structure nodes, the user can either select a support type from the list
and then select a node or nodes by click or window, or the user can directly input
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MODEL DEFINITION | 2-bay frame definition

the node number and apply. To make a window selection, press the right hand
mouse key and then the Select menu option and window around the nodes to be
supported and click inside the selection box.

From the Supports dialog box select the Fixed support icon.

Click Apply.

2-bay frame definition

In this step, we create a 2 bay frame by mirroring the existing frame.

Select all bars (by window or CTRL+A) and mirror them Edit > Edit > Vertical
Mirror by vertical axis of the right column (just click on this axis).

. INFO

There are many editing possibilities: copy, move, divide, intersect, :
rotation etc. to make modeling of structure easier and more effective. E

Click @ icon (top of the screen) to show the whole structure.
To display bars and nodes numbers click @@ icon (bottom left corner of the
screen) then in the Display dialog box tick on Favorites > Node numbers and

Favorites > Bar description > Bar numbers.

Click Apply and OK.

Click 2] , %] icon at the bottom of the screen to display supports symbol and
sections shape.

The frame should appear as below:
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MODEL DEFINITION | Load case definition
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Figure 2 - Frame with supports and sections shape view.

Load case definition

In this step, you define load cases (their number, nature and description).

=h
1. Click ml icon (right side of the screen) to open the Load Types dialog box.

2. Click New to define a dead load (self-weight) with a standard name DL1.

NOTE:

direction).

The self-weight load is automatically applied in the first row to all structure bars (in the “Z”

Autodesk Robot Structural Analysis - Getting Started Guide
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38 MODEL DEFINITION | Loads definition for particular load cases

3. Choose in the Nature field live, then New to define a live load with a standard
name LL1. We have now defined 2 load cases.

4. Choose in the Nature field wind, then New to define a wind load with a stan-
dard name WIND1 (in the same way define WIND2). We have now defined

4 ]oad cases.

5. Close the dialog box.

Loads definition for particular load cases

In this step, you define loads for each created load case.

1. To define loads for LL1 case select the 2™ load case in the list of defined
cases field:

I3 Autodesk Robot Structural Analysis - Project: Structure - Results (FEM): out of date - [Structure - Cases: 2 (LL1}]

® Fle Edt Wew Geometry Loads Analysis Resuks Tools Window Help

D2H awRE XU ANEEN RABY R é

5 = 2
AL Bt e B L EE =Ind QL =
bjet Inspeotor ] {7:DLT
TE| 3 WINDT
r é Q 4:WIND2
Obiects | Mumber of abje Simple Cases
@ A Nodes [H

Figure 3 - Load case LL1 selection.

2. Click L icon (right side of the screen) to open the Load Definition dialog

box.

3. On the Bar tab click icon to open the Uniform load dialog box, then type
value of load -45.0 in the pZ field, click Add (Uniform load dialog box is auto-
matically closed).

4. Select beam span (no.3) - indicate them or just type 3 in field Apply to.

5. Click Apply.
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10.

11.

On the Bar tab click

MODEL DEFINITION | Loads definition for particular load cases

icon to open Trapezoidal load dialog box, then type
values of loads and coordinates as shown below, click Add and close the box. This
generates a varying load on the beam.

| Trapezoidal load [2p)

Type:

Direction of load action
5 (Y
Coord. system: (3 Global

®z
O Local

Coordinates

() Relative
O Sbzolute [m]

i1= [025 |

Walues

[KN/m)
pl= la000 |

Angles [Deg)

[=/L)

%= |00 | 7= |00 2= |00

[] Projected lnad

[ add ][ oo |[ Hep

]

Figure 4 - Trapezoidal load definition.

Select beam span (no.5) - indicate the beam or just type 5 in field Apply to.

Click Apply and close Load Definition dialog box.

To define loads for WINDI1 case select the 3" load case in the list of defined cases field.

On the Node tab in Load Definition dialog box click

il

icon to open Nodal

Force dialog box, then type value of load 9.0 in the FX field, click Add and close

the box.

Select the upper node of the left column (no.2) - graphically or by cross-window
or just type 2 in field Apply to.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

MODEL DEFINITION | Loads definition for particular load cases

Click Apply and close Load Definition dialog box.

To define loads for WIND?2 case select the 4% load case in the list of defined cases field.

On the Bar tab in Load Definition dialog box click icon to open Uniform
load dialog box, then type value of load -20.0 in the pX field (pY=0; pZ=0), click
Add and close the box.

Select the right column (no.4) - indicate it or just type 4 in field Apply to.
Click Apply and close Load Definition dialog box.

Close the Load Types dialog box.

-
Click :I, ﬂ icons at the bottom of the screen to turn displaying loads sym-
bols and loads values description on.

The loads can also be seen in tabular form - click @ Tables icon (right side
of the screen) then tick Loads on or select View > Tables > Loads command
(see below).

INFO ;

All tables in Robot can be exported to MS Excel® by simply clicking the
right hand mouse button in the table.

%] Loads - Cases: 1to4

Load type

| List ‘

=

o
Tz
I
[ ]
[ Jewanpz

|
1 :iVaIues}\TahIee(liﬁon Text ediion A Info A Cases £ |

o5 hole structul-Z
FX=0,0 F=0,0
WI=025  |PK1=00
FX=9,00  [Fr=00
Px=2000 |PY=00

Factor=1,00 | MEMO,
FZ=-4500 |global not project. | absolute
FYI=00  PZI=3000 ¥2=D75  |PX2=00
FZ=00 CH=00 cy=00 cz=00
PZ=0,0 global not project. | absolute

self-weight
uniform loadt
trapezoidal load (20) |5
nodal force 2
uniform load 4

53]l

=

Figure 5 - Load cases data in tabular form.

In the list of defined load cases choose the load case for which the loads will be
displayed:
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MODEL DEFINITION | Loads definition for particular load cases

H ISimpIe Cazes j

21. All defined loads cases will be displayed together (as shown below):
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Figure 6 - All defined load cases view.

Copying existing frame

In this step, we copy the 2D frame to generate 3D structure. When we copy that frame,
all attributes attached to it (loads, sections, supports etc.) are also copied:

& g
1. Click icon (top of the screen) to open the View dialog box, then
or choose View > Work in 3D > 3D xyz from the menu to select the isometric
structure view.

Autodesk Robot Structural Analysis - Getting Started Guide
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L2 MODEL DEFINITION | Copying existing frame

2.

3.

4.

Click CTRL+A to select all of the structure.
B i

. Edit then O«* Translation - or select the Edit > Edit > Translate option
from the pull-down menu to open the Translation dialog box.

In Translation vector field type coordinates as shown below (be sure that in Edit
mode option Copy instead of Move is checked on and Number of repetitions is 1).

ﬂ Translation

Tranglation vectar [m)

scor. - [DEAM

Mumbering increment
Elements: l:l

Edit mode
IFD [ Drag
O Move

Mumber of repetitions:

[ Execute ] [ Cloze ] [ Help ]

Figure 7 - Copy frame parameters definition.
Click Execute - second frame should be display on the screen.

Close the Translation dialog box.

Click @ icon to show the whole structure. The structure should look as
shown below:
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MODEL DEFINITION | Definition of lateral beam

DeH AvEE XXB6 N0 EHL ReaY de s~ 3 -
[ i — T W L)
. — L -
MTZE o @ il g
,fﬁ"fm anz w :)ﬁ
L 5
I
@
|
=)
|
e
-
=
=
'F
|
s 3
@
&

Figure 8 - 3D View of copied frame.

Definition of lateral beam

In this step, you define beams to join the selected frames together:

1. Click . icon (right side of the screen) to open the Bars dialog box.
2. In Bars dialog box set Bar type: as Beam.

3. Define Section: as W12x190.

Autodesk Robot Structural Analysis - Getting Started Guide
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JAA MODEL DEFINITION | Definition of cross bracings

NOTE:

If the W12x190 section is not available on the list, one should click the [...) button located
beside the Section field and add this section to the active section list in the New section
dialog box.

4. Inthe fields Beginning and End type coordinates (as shown below) or simply select
beginning field and then graphically draw the start and end points of the member.

E Bars E] @

Mumber: Step:
-

Froperties

Section: W 124190 w E]
Default material: SrEEL

Mode coordinates [m]
Beginring: |14,00; 0,00; 3,00 |

[ Drag

Az position

[ add ][ omse | [ Heb |

Figure 9 - Bars definition.

5. If entered by coordinates, Click Add and close Bars dialog box.

Definition of cross bracings

L. E Sections then g New section definition - or select the Geometry >
Properties > Sections > New section definition option from the menu to open
the New Section dialog box:
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MODEL DEFINITION | Definition of cross bracings

IAISE v]

| Earnily:
|

[ Databaze:
iL 4xdx0.25 |

| lAmerican hat rolled shapes [Jan 20
Colar: Auita # |

—

0 |
E ;ﬁection:
w

Angles [y axis, parallel to legs)

Gamma angle: ID vl [Deg]  Section type:

I Steel v!

Add Close | Hep | [FTEEL

Figure 10 - New section definition.

L

Select Section (14x4x0.25) from American section Database (AISC) as shown above.

3. Click Add - new section type will be added to the active Sections list.

4. Close New section definition and Sections dialog boxes.

5. Click

icon (right side of the screen) to open the Bars dialog box.

6. In Bars dialog box set Bar type: as Simple bar.

7. Define Section: as L4x4x0.25.

8. In the fields Beginning and End type coordinates:
(14;053) (14;8;0) click Add then (14;8;3) (14;0;0) and press Add. Or draw in the

GUL

9. Close Bars dialog box.
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VA S MODEL DEFINITION | Copying defined bars

Copying defined bars (lateral beam and bracings)

In this step, you copy the recently defined bars to finish the definition of the frame:

1. Select the three recently defined bars - just indicate them (bars no.11,12,13) -
multiple selections can be made by holding down CTRL key.

4
2. lﬁ Edit then O+* Translation - or select the Edit > Edit > Translate option
from the menu to open the Translation dialog box.
3. In Translation vector field type coordinates: (-7;0;0) or select 2 points on the
screen that represent the translation vector such as the bottom of 2 columns (be
sure that in Edit mode option Copy is checked on) and in Number of repeti-

tions type 2.

4. 1If entered by coordinate, click Execute button then close Translation and Edit
dialog boxes.

5. The structure should look as shown below:
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STRUCTURE ANALYSIS
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Figure 11 - Complete 3D frame structure view.

STRUCTURE ANALYSIS

Here we start the analysis process, but firstly we will tell Robot to make automatic

code combinations (from any one of the list of Codes in Job Preferences):

1.

2.

Select Loads > Automatic Combinations... option from the menu to open the
Load Case Code Combinations dialog box. Select the Full automatic combina-
tions option. The program will now automatically assign a number of combina-
tions to find the most onerous load combination.

Click OK button — automatic calculation of code combinations will be done.
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48 RESULTS PREVIEW | Displaying beam results graphically

4 Calculations — click this icon or select the Analysis > Calculations option
from the menu to start calculation process.

4. Once the calculations are completed the information: Results (FEM): Available
should be displayed at the top of the screen.

NOTE:

A key strength of Robot is the possibility to define a wide range of analysis types (linear
static, non-linear geometry and material, buckling, modal analysis, harmonic analysis,
seismic analysis, time history analysis etc.)

If the user wishes to see these possibilities, he/she may look in the Analysis > Analysis
Types > Change analysis type pull down menu.

However, for this simple example, we will just assume the default linear static type of analysis.

.........................................................................................

RESULTS PREVIEW

Displaying beam results graphically

In this step, we display My bending moment on bars for selected load case:

1. Click | icon at the bottom of the screen to switch off the section shape and
simply display a “stick model” for all members.

2. In the list of defined load cases choose the desired load case to display:

L2 [2: L ~]

hwd .
3. Select Results > Diagrams for Bars... ™ Diagrams for Bars..

Diagrams dialog box.

" from the menu to open
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RESULTS PREVIEW | Displaying beam results graphically

4. Onthe NTM tab check My Moment (this shows the major axis bending moment
on the beams), then click Normalize button (to auto scale) and click Apply to
display bending moments diagrams for all beams:

frssEfsiaeed

"
f?i’??ff|j

Ly

(I

NOTE:

To display numerical values of internal forces in the Diagrams dialog box, click on tab Pa-
rameters, Diagram description tick labels and Apply.

5. In asimilar way, diagrams that exhibit other values available from the Diagrams
dialog box can be viewed.

6. Tick off My Moment and Apply.
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RESULTS PREVIEW | Displaying results on bars in tabular form

Displaying results on bars in tabular form

In this step, you display internal forces for bars for particular load cases and combinations:

1. Select View > Tables to open Tables: Data and Results dialog box, then tick on
Forces and OK to view all information about internal forces (Values, Envelope,
Global extremes).

{3 Autodesk Hobst Strustural Anatysis - Project: 30 rameStrosture_30_30 - Rasubls (FEM: available - [Forcas - Casas: Tied 67910 |
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Figure 13 - Example of results presentation in tabular form.

NOTE:

In a similar way, tables that exhibit other values available from the Tables: Data and Results
dialog box can be viewed.

The tables can easily be exported to MS Excel® (by right hand mouse click) and tables can
also be sorted by choosing certain load cases, member types etc. Advanced users can also
define “groups” and display results only for these groups. Column values may be placed in
order by simply clicking the appropriate column header, for example FX.
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RESULTS PREVIEW | Stress analysis

2. Close the Forces table.

3. Click -2J icon at the bottom of the screen to turn sections shape back on.

Stress analysis

In this step, we learn how to obtain and analyze stress diagrams and maps for the entire

bar structure:

1. Switch layout to Stress Analysis - Structure. To do this go to the Robot layouts
selection combo-box (right top screen corner)

2. Click the Results option and later the Stress Analysis - Structure.

4 Stesl/Aluminum Design

=l

A Structure Model
] Results
] Results
= Detailed Analysis
B Stress Analysis - bars

) Structure Design
£ RC Beams

& RC Columns

5 Continuous Footings
&P Foundations

A Tools

AChLre

Figure 14 - Layout selection pull-down menu (stress analysis selection).

NOTE:

Now the screen is divided into three main parts:
= the graphic viewer where the structure is displayed,

box is used for selecting stresses and determining the manner of stress graphical

presentation

= the Stress Analysis -Structure results table to view actual values of stresses for bars

E = the Stress Analysis -Structure dialog box - to managing stress analysis. This dialog
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RESULTS PREVIEW | Stress analysis

3. In the list of defined load cases choose the load case for which the results will be
displayed:

Lot [3-WIND1 =

4. On the Diagrams tab located in the Stress Analysis - Structure dialog box select the
Max option from the Mises field, then Apply (the result should look as shown below):

“er (@
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T - Tangent
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NOTE:

This dialog box allows selecting a user-defined stress and a set of basic stress types: nor-
mal, tangent, Mises and Tresca.
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RESULTS PREVIEW | Stress analysis

5. On the Stress Analysis - Structure dialog box tick off the Max option from the
Mises field, then Apply.

6. On the Maps - Deformation tab located in the Stress Analysis - Structure dialog
box tick the Deformation option on, then Apply.

I

7. ¥ Stress Analysis for structure - maps - click this icon or select the Results
> Stress Analysis > Stress Maps option from the menu to view the structure
together with section shapes and accurate detailed stress maps on these sections
(as shown in the figure below).

3 Stress Analysis - structure (3D View)

o

[

<

52

Figure 16 - Stress analysis in maps form.

NOTE:

E The size of member sections in stress maps is by default greater than the real size of

1 member sections so that the stress maps presented for these sections are more readable.
E Real proportions between the member length and dimensions of the member cross section
' can be obtained after pressing the Home key on the keyboard. These proportions can be

E modified using the following keys on the keyboard: PgUp and PgDn.

8. Close the Stress Analysis - structure (3D View) window.
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54 PREPARATION OF PRINTOUTS | “Capturing” views and data

PREPARATION OF PRINTOUTS

Robot has a powerful built in report generator that allows the user to compile and
manipulate standard data, plus screen captures of graphical and tabular data.

“Capturing” views and data for the calculation note

1. In layouts selection combo-box (right top screen corner) switch to Start layout.
The picture of the model is shown on the screen with no other windows. Let’s as-
sume we want to print this image.

2. Click e icon (top of the screen on the standard toolbar) to open the Screen
Capture dialog box.

Ml Screen Capture |:|,: rz|

Structure View Ok

o
Cros

Help

Screen capture update
() View updated upon printing
O Current view [PNG)

‘whole structure

Screen capture orientation
O Wertical (%) Horizontal

Scale
(&) Automatic O User-defined

1 cm on paper l:l m

Figure 17 - Screen capture parameters definition.

3. In the above dialog box change Screen capture orientation to Horizontal and
type name of the picture as a Structure View.
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PREPARATION OF PRINTOUTS | Preparing printout composition 55
. NOTE: 1
i The Screen capture update enables the user to choose automatic update of screenshots '

- this means that the images and data are automatically updated should the structure be ]
i+ changed. Alternatively, they can be saved in JPG format. E

4. Click OK to close the box.

5. In the list of defined load cases choose the 2:LL1 load case.

| )

6. Click " icon (top of the screen on the standard toolbar) to open the Screen
Capture dialog box.

7. In this dialog box change Screen capture orientation to Horizontal and leave
name of the picture as a Structure - Cases 2: (LL1).

8. Click OK to close the box.

9. In the same way prepare pictures: Structure — Cases 3: (WIND1) and Structure
- Cases 4: (WIND2)

Preparing printout composition

Here we prepare the layout of the report:

1

5]
1. Click g icon (top of the screen on the standard toolbar) to open the Printout
Composition - Wizard dialog box.

2. On the Standard tab, select report components (click them while pressing CTRL
key) as shown below:
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M Printout Composition - Wizard

Awailable report components:

| Structure View

o e p ........

I an
| Data - Materials
<< Standard |

| WMember Group Design

Standard | Screen Eapturesl Templatesl Simplified printoutl

PREPARATION OF PRINTOUTS | Preparing printout composition

[ | A [ | [ e [

Fage Setupl Freview | Frint | Save |£I Help |

Figure 18 - Report components selection.

Click Add to transfer the marked components to the right panel which shows the

actual layout of the printout.

On the Screen Captures tab select all screenshots.

Click Add to transfer marked components to the right panel.

Using icons move particular components to the order shown below:
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PREPARATION OF PRINTOUTS | Printing and exporting the calculation report 57

M Printout Composition - Wizard

Standard  Scresn Captures | Templatesl Simplified printoutl

Awailable report components: EI ﬂll il ﬁ @EI ﬂ

Structure View

Stucture - Cazes 2 [LL1)
Stucture - Cazes 3 [WIND1)
Stucture - Cazes 4 [WINDZ2)

Forces - Envelope

Inzert fram
file...

Fage Setupl Freview | Frint | Save |£I Help |

Figure 19 - Screen captures selection.

Printing and exporting the calculation report

In this step, we learn how to print and save the calculation note:

1. Click Preview to display the report:
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TITLE PAGE

Project: 3Dframe

Figure 20 - Report preview.

NOTE:

Before printing of the report, save your project. In this case we save it as “Frame 3D".
Thanks to this operation actual information about project will be used to generate the docu-
mentation (i.e. project name on the title page - as shown above). To change this information
(and many more) later we can use File > Project properties option from the top menu.

If you need to make some corrections to the layout or tabular content you can edit them

directly in this preview window. To do this, you should press icon (top bar) and double
click on the appropriate item to be edited. The general Robot window will be open, which al-
lows the user to make changes or corrections. After that press button Return to Preview to
continue the preview of the calculation report.
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3. Click Page setup. The Page and Margins tab allows the user to set various pa-

rameters.

4. Click Header/footer tab. In this tab you can define the look of the title page,
header and footer.

L Page Setup FX|

Fage | Marging Header/footer I Farameters I

T
[V Title page Edit | Restore “ (‘[arT:ne FRestore Cancel |
¥ Header Edit | Restoe || Seperation lines Help |
o Erames:!__

v Footer Edit | Restare | v Footer
| v Teut
™ Table of corterts Edit Restare | el (el

Select template:l vi Save | Delete |

Figure 21 - Page setup settings.

5. Click OK to close the dialog box.
6. Close the preview of report printout window.

7. If desired, In Printout Composition - Wizard dialog box click on Print button
to print all reports.

F;,
8. To save the calculation note, click on icon to export the report to .html

Z
format, to export to .rtf (MS Word®) format or to save in .sxw (Open
Office) format.
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RC AND STEEL MIXED STRUCTURE

Synopsis:

The purpose of this example is to show the ease of definition, analysis and
presentation of results for a 3D frame and shell structure (mixed RC and steel) in
Robot.

For this example, it is assumed that Autodesk Robot Structural Analysis 2010 is installed
on the PC.
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CONFIGURATION OF THE PROGRAM

Following installation of Robot, the user may configure the working parameters
or “Preferences”. To do this:

1. Start the ROBOT program (click the appropriate icon or select the command
from the taskbar).

2. On the opening window, displayed on the screen click the first icon in
the first row (Frame 2D Design). Other options are for 3d frames and models
with surfaces such as walls and floors, access to stand alone design modules etc

a
3. Select Tools > Preferences from the text menu or click on the @ , then HULE
icons on the toolbars to open the Preferences dialog box. Preferences allow the
user to set up working and printout languages, fonts, colors etc.

ﬂ:ﬂ Preferences
= B X % |STANDARD |

P Languages
. General Parameters
- Wiew Parameters

Desklop Settings Beqional settings: | United States w |
- Toolbar & Meru

-- Printaut Parameters -
L htharization Fey Working lahguage: | English b | %

‘- dvanced

Frintaut language: | English w |

[] Update Preferences on exit [ Accept ] [ Cancel l ’ Help ]

Figure 1 - Regional settings in Preferences dialog box.

4. Select the first preferences option - Languages (tree on the left part of the win-
dow), then as the Regional settings choose United States
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NOTE:

Regional settings set the default databases (profiles, materials), units and codes to the stan-
dards of a country. In the example above, we have chosen American section database (AISC)
and metric data units: [m],[cm], [kN].

.........................................................................................

NOTE:

You can check active units in right, bottom corner of the screen. In this example should be
the display: [m] [kN] [Deg].

.........................................................................................

MODEL DEFINITION

Definition of structural axes

In this step, we define a rectangular axis grid in the Cartesian coordinate system.

INFO

The axes of the structure create an additional grid which can be used to
define different elements of the structure and select structure compo-
nents.

The grid intersections form points that facilitate the users work by guiding
cursor movements during graphical structure definition.

.........................................................................................

05

*" icon (right side of the Robot screen) or select Geometry > Axis Defi-
nition... from the menu to open the Structural Axis dialog box.

1. Press
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2. On the X tab in the Position field type -1 and press Insert button, in the same
way enter following axis coordinates as shown below (Figure 2):

3. Set Numberingas A B C...

4. On the Z tab in the Position field type 0 and press Insert button, in the same way
enter following axis coordinates as shown below (Figure 3):

5. Set Numberingas123...

B Structural Axis
Mame; |Stlucture axis v |
[ Cartesian ]L Cylindrical .] L Arbitrary .]
L Aﬁnced parameters J
X lz_|
Position; Mo, of repet.: Diiztance;
[0 Jm [0 |2 im
Label Position
& -1.00
C 7.0
£ 1500 Delete
Delete al
< i | [
Mumbering:
’_ Mew ] ’_ Auis manager ]
L Apply J [ Close ] [ Help l

Figure 2 - Definition of structural axis in X direction.

Autodesk Robot Structural Analysis - Getting Started Guide



b6 MODEL DEFINITION | Definition of structural axes

Qi Structural Axis
Mame: |Stluctule axis v |
[ Cartesian ] L Cylindrical J L Arbitrary J
L Advanced parameters J
[« [z |
Pogition; Mo, of repet.: Diigtance:
- o |8 [
Label Position
1 0.0o0
3 7.ao
£ a0 Delete
Delete all
B2 e— ] ¥ Staries
Mumbering: |1 23 vl | |
’_ Mew ] [ Az manager ]
L Apply J [ Close ] [ Help l

Figure 3 - Definition of structural axis in Z direction.

6. Apply and Close the Structural Axis dialog box.

7. Defined axes should appear as shown below:
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-

Dﬁﬂ DUB..Q XUBo N\ AEE QAY Be == §
o @ L <l ok “|

P ) e ) e o
0,0 20 L E— ]

T
(&) (8 (e} (D)
I i 5 |

Figure 4 - View of defined structural axis.

Section definition

In this step, we learn how to add new sections to the list of available sections.
1. Press I icon (right side of the screen) or select Geometry > Properties > Sec-
tions from the menu to open the Sections dialog box.
2. Check presence of the following sections:
CR30x30, BR30x60, W8x28, W10x45.
3. Ifthe above sections are not present in the list of available sections press the New

section definition Ql icon to open New Section dialog box.
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4.

In the Section type pull-down menu choose RC Column.

E New Section

General Parameters |

N ERERE
Label: cm
b

Color: Avito v

30

b

h
j 1 Reduction of mom. of inertia

Gamma angle: [Deg]  Section type:
Steel
[ 2dd | [ oose | [ Hep ]

B caolurn
Timber

Figure 5 - New RC column definition.

Set 30 in the b and h field, in the Label field column name: CR30x30 will be au-
tomatically created and click Add (see above).

In the Section type pull-down menu choose RC Beam.

Set 30 in the b and 60 in the h field, in the Label field column name: BR30x60
will be automatically created, then press Add.

In the Section type field select Steel.

Set AISC in the Database field, W in the Family field and W 8X28 in the
Section field.
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E New Section E] E]

Standard | Parametiic | Tapered | Compound || Special || 4, Iy, Iz... |

[ Wariabd
=] = an

Section selection

Lahel:
i Databaze: AI5C hd
WBR28 “w -
|Arner|u:an hot rolled shapes [13th Ed|

Color: A1t v Farmily: ’ﬁ
I Wide-flange Shapes MW-Shapes)
Section; W B2E hd
i Bull A
O Elafy 3421 u
i Baed
Gamma angls: [Deq]  Section twpeliy Su =
W Bdh B
i Baeed 0
Ladd ][ Oose | [ Hep JWEI
[ s v

Figure 6 - New steel section definition.

10. Press Add to add defined section to the list of the active sections.

11. As before, set AISC in the Database field, W in the Family field and W 10x45 in
the Section field.

12. Press Add, close New Section and Sections dialog boxes.
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Bars definition

In this step, we define a 2D frame using the previously defined sections.

1. Go to the Robot layouts selection box (right top corner of screen) and switch
layout to the Bars:

|FF| Start

A Structure Model
A Start
I A Modes

400 —
@ I Se =i atenials

&= Supports

’ I3 Loads

! =5 Results

' | Structure Design
| & BRC Beams

| ' | & RC Columns

&P Foundations

;} Connections

|&¥ Continuous Footings

i
i | Tools

Figure 7 - Bars layout selection.

2. Go to the Bars dialog box and set: RC Column (Bar Type field), CR30x30 (Sec-

tion field).

3. Place the cursor in the Node Coordinates > Beginning field, switch to the graph-
ic viewer and select graphically the beginning and end of the columns by means
of the coordinates of the intersection point of the defined axes: B1-B2, C1-C2,

D1-D2 (see below):
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13 hutodesk Rebel Streclural Anatpis - Project: Structu
Fis Edt Vew Goomelry loads Ansas Rewdts Took Windos

Ay ﬂ'&ﬁl"!ﬁ

— - !

FOIEE T4 LT EEE R BH >

Figure 8 - View of defined columns.

4. Set the following options: RC Beam (Bar Type field), BR30x60 (Section field).

5. Go to the Node Coordinates > Beginning and, as before, indicate the beginning
and end of the beams: A2-B2, B2-C2, C2-D2, D2-E2 (see below):
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FOE L VA LT EEERBH >

Figure 9 - View of added beams.

6. Set the following options: Column (Bar Type field), W8x28 (Section field).

7. Go to the Node Coordinates > Beginning and, as before, indicate the beginning
and end of the columns: A2-A3, C2-C5, E2-E3 (see below):
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S RS TSN T

Figure 10 - View of added columns on the 2" storey.

8. Set the following options: Beam (Bar Type field), W10x45 (Section field).

9. Go to the Node Coordinates > Beginning and, as before, indicate the beginning
and end of the beams: A3-C5, E3-C4 (see below):
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Figure 11 - Finished 2D frame view.

10. Press g, [l icons at the bottom of the screen to display supports symbols and
sections shapes.

11. Press @@ icon at the bottom of the screen to open the Display dialog box.

12. Select the Bars option (left panel) and tick Symbols off (right panel) to turn off
display of cross sections.

Autodesk Robot Structural Analysis - Getting Started Guide



MODEL DEFINITION | Bars definition 75

Display ]

Templae. [Standsrc ] (=11EN

Favorites I Hame | | |

tdodel

Nodes
Syrnbols

Fanels / FE G ection - sh

Mark with colars Sclon - shape

Loads Section - area

Wiew (Open-GL version] Sections - legend by colars ]

View [version without Dpen =

Shucture Member types - legends by colars Ll
Cables [+]
Advanced properties O
Mumbers of calculation elements ]

| &

Fa[ ] Ty R | [u]

=

e Display attibutes only far
Symbol size |30 Li O selected objects
[ (u] 4 ] [ Cancel ] [ Apply

Figure 12 - Switch off bars symbols displaying.

13. Click Apply and OK to close the box. Frame 2D should look as shown below:

SH AVREX YL BB NN ¢
WEHALROXXWENAEAL Y Bl -

DEG C VA AT BEE R BH >

]

Figure 13 - 2D frame view with additional attributes - section shapes.
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Supports definition

In this step, we create supports for the frame structure.

1. Go to the Robot layouts selection box (right top screen corner) and switch layout
to Supports.

2. Go to the Supports dialog box and select Fixed in the list of supports.

3. Move the cursor to the graphical view. Note that a support symbol is shown that
will allow the user to add supports to discrete nodes. To add to all nodes, press
right mouse button and “select” and drag window round the nodes that have
supports.

4. Click inside “current selection” box and apply.
Notice that the supports are also now shown in the tab.

tural Anabysis 511
Pl B Vi Chomalry Load Aniyed Rk Took Windaw

B ARG XADE ANEEHL ¥ 22 s R Elxe El
dl 3 Seer 31 LI bt ol |
| | | | | | | | | | | 10X @3 & =
S ) 0 " LA we 1] wo 0 =
(A(E) &) (B)(E TRONT i
L '._;.."""'f““"'_""""" — n.________.._______.;..._......-.....u'___‘ 4 - - Fomt

1 Pined

Figure 14 - Nodes selection to supports definition.
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NOTE:

apply.

mmmmmm

Iﬁﬂ &b@.ﬂ X Y

T
.

) &) ()

You may also type the relevant supports numbers (1 3 5) into the Current Selection field and

Dx HEEE & =

=

# Deletn
= < Fomd

Figure 15 - Frame with defined supports view.

Load cases definition

In this step, we define names and natures of all load cases.

1. Go to the Robot layouts selection box (right top screen corner) and switch layout

to the Loads.
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BEH AWRGXLBENN
e

_aii
=8 @

e e

BESREPEY CEEE R | >

Figure 16 - Loads layout.

In the Load Types dialog box click New to define a dead load (self-weight) with
a standard name DLI.

NOTE:

The self-weight load is automatically applied - see the table (in the “Z” direction). E

Click New once again to define a dead load with a standard name DL2.

Choose in the Nature field live, then New to define a live load with a standard
name LL1.
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5. Click New once again to define a live load with a standard name LL2.

6. Choose in the Nature field wind, then New to define a wind load with a standard
name WINDI1.

7. Choose in the Nature field snow, then New to define a snow load with a standard
name SN1:

| oad Types

Caze description

M ature; |sn0w v| [ Mew l
MHumber: EI Label: SH1
Mame: | SM1 |

List of defined cazes:

Mo, Caze name MNature  #%
4 LL2 live
b IO wind
=5 SH1 snow =
v
< | 'l
| Modfy | [ Delete | [ Deleteal |

Figure 17 - Load types definition.

Definition of loads for predefined load cases

In this step, we define types and values of loads for particular load cases. Each load case
can have several loads applied within it.

1. To define loads for DL2 case select the 2™ load case in the list of defined load
cases field (see below):
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8 Autodesk Robot Structural Analysis - Project: Structure - Results (FEM): none
File Edit Wiew Geometry Loads Analysis Results Tools Window Help

SEH SWREGXYEBEANEEHL ¥ 224X Hows
N 3 .2 “er & M ﬁﬁ_vlg =1

I Structure - Cases: 2 (DL2)

0,0

- (afe) -

Figure 18 - DL2 load type selection.

2. Press icon (right side of the screen) to open the Load Definition dialog box.

3. Onthe Bar tab press icon to open Uniform load dialog box, then type value
of load -10 [kN/m] in the pZ field, click Add and close the box:

E Uniform Load

p

AT

Walues
p [kN/m] 4 (Deg]
%[00 | o
it | oo |

Coord. system: (&) Global () Lacal
[] Projected load

IF] Loads on eccentricity

[ add  J[ omse |[  Hep

Figure 19 - Uniform load definition for DL2 case.

4. Select beams (no. 4 5 6 7) — indicate them or just type 4to7 in field Apply to and
click Apply (as before its possible to window them too)
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Press 2| icon at the bottom of the screen to turn display Load value
descriptions on.

Fla Edt Ven Geometry losds Ansbsis Resdts Fomet Took Windows Help
ﬁﬂ ‘Mlﬂ)(! BaHt @EA ¥ Ldos K Booe *|
2| St B LI 9D oL

DE®EPY S ERBw BH [ -]

Figure 20 - DL2 load case view.

To define loads for LL1 case select the 3" load case in the list of defined load
cases field.

On the Bar tab press %: icon to open Bar Force dialog box, then type value of
load -20 [kN] in the FZ field.

On the Coordinate field leave x=0,50 value (defined force will be applied halfway
along the member), click Add and Close the box.

Autodesk Robot Structural Analysis - Getting Started Guide
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E Bar Force

Walues

F (kM) M [ kN*m]) =J [Deg]

) [oo ] [ooo | oo |
v jopg | [poo | [on |
z [20 ] [pm | [on ]
Coord. spstem:  (3) Global () Local

Il Loads on eccentricity
Coordinate

(%) Relative [wfL]
i - () Abzolute [m]
G f lculati d

atetzeeﬁ;nat fvigfeaalT;agDisprlied

[ 4dd || cose || Hep

)

Figure 21 - Bar force definition for LL1 case.

9. Select beams (no.5) - indicate them or just type 5 in field Apply to and click

Apply.
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8 Autodesk Hobo! Struclursl Analysis - Proprel: Strusture - Resulls (FEM): none

hl‘lhhﬁr\nﬂ“fﬂimu
2H AvRE@EXY BEAN A ¥ plu
s ' 1w

SO0 WEPN G REBy BH | >

Figure 22 - LL1 load case view.

10. In the same way you may define for 4™:LL2 load case bar force -30 [kN] on the
half length of the bar No.6.
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11.

12.

DO WEPN G EEB Yy BH [ >

EREC RS

Figure 23 - LL2 load case view.

To define loads for WIND1 case select the 5% load case in the list of defined load
cases field.

On the Bar tab press icon to open Uniform Load dialog box, then type
value of load -1,5 [kN/m] in the pZ field, tick Coord. system - Local on, then
click Add and close the box.
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W alues
p [kN/m] ~4 [(Deg]
¥ [ooo | [0 ]
i TTanE| oo |

Coord. syster: () Global *) Local

Projected load

] Loads on eccentricity

[ #dd || cose || Hep

Figure 24 - Uniform load definition for WIND1 case.

13. Select beam (no.1) - indicate them or just type 1 in field Apply to and click
Apply.

14. In the same way define uniform loads: -2,50 [kN/m] for bar no. 8 and -3 [kN/m]
for bar no. 11.
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15.

16.

ysis - Project; Structure - Results (FEM); mone
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Figure 25 - WIND1 load case view.

To define loads for SN1 case select the 6™ load case in the list of defined load
cases field.

On the Bar tab press icon to open Uniform Load dialog box, then type
value of load -2,50 [kN/m] in the pZ field, tick Projected load on, then click
Add and close the box.
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E Uniform Load

p

LTI

Yalues
p [kN/Mm) ~J [Deg]
® |00 | 0o ]
bt | oo |
z 250 | oo |

Coord. system: (%) Global () Local
Projected load

Fl Loads on eccentricity

[ add || cose ][ Hel

Figure 26 - Uniform load definition for SN1 case.

17. Select beams (no.11 and 12) - indicate them or just type 11 12 in field Apply to
and click Apply.
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Figure 27 - SN1 load case view.

18. Close the Load Definition dialog box.
19. Go to the Robot layouts selection box (right top screen corner) and switch layout

to Start.

Now, using the existing 2D frame, we define a 3D frame structure with slabs and walls.
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Changing the structure type

So far we have worked in 2D. In this step, we open new module Shell design to enable
wall and slab definition and work in 3D.

1. Select Geometry > Structure type from the menu, which opens the window
presented below:

A

2l
= n|d
P

Figure 28 - Structure type selection window.

233

2. Select Shell design icon (the third one from the left in the second row) to change
structure type from 2D frame to shell. The program prompts you to save your
work so far.

Definition of additional structural axis

In this step, w define additional structural axes on in the third axis - the Y direction.

(&)

1. Press UF icon (right side of the Robot screen) or select Geometry > Axis Defi-
nition... from the menu to open the Structural Axis dialog box.

2. Set Numbering as Define and type in the next field (on the right side) L1.
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3. Onthe Y tab in the Position field type 0 and press Insert button, in the same way
enter following axis coordinates as shown below:

ﬁStrucluraleis

Mame: |Stlucture axis v |
[ Cartesian ]L Cylindrical “ Arbitrary J
[ Advanced parameters |
il [z

Fogition: Mo, of repet Distance:

m o @ [ | (m]

Label Pozition

L1 0.on

L3 14.00

£ | |3

Mumbering: | Diefing w | |L1 I

[ R ] [ Axiz manager l
L Apply J [ Cloze ] l_ Help ]

Figure 29 - Definition of structural axis in Y direction.

4. Press Apply and close the Structural Axis dialog box.
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Copying existing frame

In this step, we copy the 2D frame to generate a 3D structure. When we copy that frame,
all attributes attached to it (loads, sections, supports etc) are also copied:

1. Press @ icon (top of the Robot screen) to open the View dialog box, then

gix
‘£‘ or choose View > Work in 3D > 3D xyz from the menu to select the iso-
metric structure view (see picture below):

ral Analy » Structure_30 - Hesull nore.- [SLr m 5
ﬁﬂhﬂr—yhﬂm“u“l& -2
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Figure 30 - 3D view of defined frame.

2. Press CTRL+A to select all of the structure.
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B £ hen Bk
3. Edit then 0+ Translation - press this icons or select the Edit/Edit/Trans-
late option from the menu to open the Translation dialog box.

4. In Translation vector type the value to copy in each axis as shown below:

5. In Edit mode tick option Copy on and Number of repetitions set as 2 (see

below):

ﬂ Translation

Tranzlation vector [m)

Humbering increment

Modes: I:I
[ 1]

Elements:

Edit mode
(5 Copy

[JDrag
) Move

Murmber of repetitions:

acor.z - (G0N

L Erecute ” Close ] [ Help

)

Figure 31 - Copy of the frame - translaction vector definition.

translation vector (in isometric structure view).

E You may define translation vector graphically by indicating the beginning and end of the

6. Copied frames should look as shown below:
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Figure 32 - Copied frame view.

Definition of lateral beams

In this step, we define beams to join the selected frames together:

1. Go to the Robot layouts selection box (right top screen corner) and switch layout
to the Bars.

2. Click |!|,§| icons at the bottom of the screen to turn node and bars numbers
display off.

3. InBars dialog box set Bar type: as Beam.

4. Define Section: as W8x15.

Autodesk Robot Structural Analysis - Getting Started Guide
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NOTE:

If the W8x15 section is not available on the list, you should click the [...) button located beside
the Section field and add this section from the database. In opened New section dialog box, in !

Section selection field for Database: AISC - choose Family: W then Section: W8x15. Click Add
and close the box (see below)

E MNew Section

Standard | Parametiic | Tapered | Compound | Special | £, 1y, 1z...|
[ ¥ ariable

II E ()
Section selection

Label
il Databasze: AISC v

|American hat rolled shapes [13th Edl

Calar: o w Family: ’ﬁ

I Wide-flange Shapes MW -Shapes)

Section:

F] Elazto-plastic: analysiz

Gamma angle: [Deqg] Section type:

[

add | [ Cese | [ Hep ]

Figure 33 - New steel section definition.

5. Press Add - new section type to be added to the active Sections list.

6. Close New Section dialog box.

7. Place the cursor in the Node Coordinates > Beginning field, then switch to the
graphic viewer and select graphically the beginning and end of the bars by means
of the coordinates of the intersection point of defined axes:

(E,L1,3) and (E,L2,3)
(E,L2,3) and (E,L3,3)
(C,L1,5) and (C,L2,5)
(C,L2,5) and (C,L3,5)
(A,L1,3) and (A,L2,3)
(A,L2,3) and (A,L3,3)
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8. The structure with lateral tie beams should look as shown below:
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Figure 34 - View of structure with lateral tie beams added.

9. Go to the Robot layouts selection box (right top screen corner) and switch layout
to the Geometry.

Autodesk Robot Structural Analysis - Getting Started Guide
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Definition of slab

In this step, we learn how to define a slab, first we define a contour (shape) of the plate
then we assign physical properties to it. Firstly, we need to define the elevation of the
structure that we wish to work on — we do this with a “work plane”.

Y
1. To set new a work plane press the icon 4‘| provided in the bottom left corner
of the screen which represents the active work plane - a View dialog box will be
opened.

2. Press 2D and XY buttons and select “Structure axis 2” 4,00 (m) - as shown
below. Once these options are selected the structure is set on the XY plane at the
recently defined Z coordinate (e.g. Z=12); only structure components from this
plane are displayed.

Figure 35 - New work plane definition (in axis no 2).

3. Close the View dialog box.

4. Press <\' icon (right side of the Robot screen) or select Geometry > Objects >
Polyline-contour from the menu to open the Polyline-Contour dialog box.

5. Indicate required points of the contour in the graphic viewer by cursor as follow:

(A,L1); (E,L1); (E,L3); (A,L3); (A,L1) - note, always select the start and end point
to “close’the contour.
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6. Close the Polyline-Contour dialog box, the defined contour should look as
shown below:
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Figure 36 - Defined contour of panel view.

==
7. Press icon (right side of the Robot screen) or select Geometry > Panels
from the menu to open the Panel dialog box.

INFO

A surface in Robot is called a “panel”. So if you want to create a slab or
wall, you must define an appropriate panel.

8. In the Panel dialog box set parameters: Panel in Contour type field, Internal
point (Creation with field), none (Reinforcement field), TH12_CONCR (Thick-
ness field) and Shell (Model field) - see picture below:
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10.

11.

2 Panel g E

Mumber: |44 I

Cantaur type

(%) Panel () Opening

Creation with

() Intemal point

()
[] Only the cument selection

() Object list

() Surface elements [FE] fist

Properties

Heinfnrcement:|nnne vl -

Materist ~ |CONCR |

Thickness: | TH12_CONCR || (]

tModel: |Shel| Vl CJ
L fdd | cose | [ Hep |

Figure 37 - Panel definition settings.

NOTE:

In the Reinforcement option you can define a reinforcement type. However this option is
unavailable in Robot Free, in the Slab design module, in the full commercial version of the
program, you can perform a complete design process of an RC slab (including calculation of
provided reinforcement and deflection verification with reinforcement and cracking taken into
consideration).

To assign the recently defined panel to the selected contour set the cursor in the
Internal Point field then move it to the graphical viewer and click on a point
located within the area of the slab.

Close the Panel dialog box.

To set the 3D view of the structure, click the icon 2| (bottom left corner of

the screen), then in View dialog box press 3D button and close the box.
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12. Press ﬁl, 2l icons at the bottom of the screen to turn on appropriate display of
supports and sections shapes.

13. The defined structure with slabs should look as shown below:

sk | " " - F|5
ﬁﬂh‘-—yhﬂmuh&“ﬂrh -2 X
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Figure 38 - Structure with slab view.

Offset definition

In this step we define offset between axis slab and RC beams:
1. Press 8 icon at the bottom of the screen to open Display dialog box.

2. Select the Panels/FE option (left panel) and tick Panel thickness on (right panel)
to turn displaying thickness of panels on.

Autodesk Robot Structural Analysis - Getting Started Guide
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Display

Template: | Standard . | x
Favonites Mame

todel

Modes
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t ark with colors

Loads Panel thickness

Wiew [Open-GL version) Characteristic points of panels
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Direction of load distibution
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Figure 39 - Switch thickness of panel display on.
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3. On the structure drawing, which appears on the screen we can see that neutral
axis of the RC beams and RC slab are on the same level with no eccentricity by
default.
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Figure 40 - Default view of RC beams and RC slab on the same level with no eccentricity.

4. Select Geometry > Additional Attributes > Offsets... from the menu then press
Ql New offset definition button to open the New Offset dialog box.

5. Inthe New Offset dialog box set parameters: Offset_1 in Label field, -45,24 [cm]
(this is half of RC slab height plus half of RC beams height) in the Beginning

- UZ: and End - UZ: fields and tick Global (Coordinate system field) on - see
picture below:
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[5d New Offset
Abzolute |
Label: Offzet_1
Walues

Beginning:  End:

U fem
uy: fom)
uz: (o

Coordinate system

) Local (%) Glabal

(O Local - ranslated coordinate system
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Figure 41 - New offset (between beams and slab) definition.

Add and close the New Offset dialog box.

¥

Press ™ icon (left,top corner of the Robot screen) to open the Selection dialog

box.

T selection _
[ Al l [ Mohe l [ Inversion l

Bar w Motify al
| 41a7 16t019 28031 I

 nitdn

Attt | Group | Geometry |

| Section w | an
CR 30=30
undefined
W 10u45
W B15
Select W28
(® from list () example

[ Cloze ] [ Help ]

Figure 42 - Selection of RC beams by filters.
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8. Indicate Section as selection criterion and click B R30x60 in the list-
box above.

9. Pressthe m button to enter defined selection to the edit field and mark red con-
crete beams, to which offsets will be attributed. Close the box.

10. In the Offsets dialog box place the cursor in the Current Selection field - num-
bers of selected beams will appear.

11. Press Apply and Close to finish offset definition.

12. To display defined offset beams press B8 icon at the bottom of the screen to open
Display dialog box.

13. Select the Favorites option (left panel) and tick Offsets on (right panel), then
press Apply and OK - result should look as shown below:

Template: Standard ;V| x

Favantes
b odel
hodes Mode rumbers
Barz

Panelz / FE

b arks, with colors

Loads

Wiew [Open-GL version)
Wiew [verzion without Open
Structure

Mame

¥ (H #

Ll
[
[
[
[

+

+

[ Dizplay attnbutes anly for
selected objects

[ k. ][ Cancel J[ Apply J

Symbol size: |30

4y

Figure 43 - Switch offsets display on.
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Figure 44 - View of RC beams and RC slab with offset defined.

Definition of a wall

In this step, we learn how to define a wall, first we define a contour then we assign physi-
cal properties to it:

3
1. To set a new work plane press the icon l: provided in the bottom left corner
of the screen - View dialog box will be open.

2. Press 2D and YZ buttons and select “Structure axis D” 14,00 (m). Once these

options are selected the structure is set on the YZ plane at the recently defined X
coordinate (e.g. X=40); only structure components from this plane are displayed.
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"Structure axiz A" 1,00 [m]
"Structure axiz B 0,00 [m)

1" 14,00 [rn]

Figure 45 - New work plane definition (in axis D).
3. Close the View dialog box.
4. Press ﬁl, “licons at the bottom of the screen to turn display of supports symbol

and sections shape off.

<\ icon (right side of the Robot screen) or select Geometry > Objects >
Polyline-contour from the menu to open the Polyline-Contour dialog box.

5. Press

6. Indicate required points of the contour in the graphic viewer by cursor as
follow:
- (14;0;0)
- (14;2;0)
- (14,2 3)
- (145 45 3)
- (14,4;0)
- (145 10; 0)
- (145 10; 3)
- (145 12; 3)
- (14;12;0)
- (14;14;0)
- (14;14; 4)
- (14;054)

7. Press Apply and close the Polyline-Contour dialog box.
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8. Defined contour should look as shown below:

sdesh Hobel $timclursl Analysis - Project; Structue_ 300 - Results [FEM): ne
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Figure 46 - Contour of defined panel view.

=
9. Press icon (right side of the Robot screen) or select Geometry/Panels from
the menu to open the Panel dialog box.

10. In the Panel dialog box set parameters: Panel in Contour type field, Internal
point (Creation with field), none (Reinforcement:) and Shell (Model field).
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MHumber: |4E I
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Figure 47 - Panel definition settings.

11. To define thickness of the panel press | button (right to the Thickness field),
then in the Th = field type 30 (cm), in Label: field name TH30,00 will be auto-
matically updated, Add and close the New Thickness dialog box (see below).
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j] Mew Thickness E] E|
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I
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() Wariable on a plane
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(m) em]
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P2: |0.00; 0,00; 0,00 0,00
P3: (0.00;0,00; 0,00 0,00
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Figure 48 - New panel thickness definition.

12. To apply chosen panel properties to the recently defined contour, in the Panel
dialog box, set the cursor in the Internal point field, then move the cursor to the
graphical viewer and indicate a point within the boundaries of the panel con-
tour.

13. Close the box.
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Definition of wall support

In this step, we create a line support underneath the wall.

1. Press ™ icon (right side of the Robot screen) to open the Supports dialog
box.

2. Go to the Linear tab then select the Fixed support type.

E‘Supports g
0| x| EEEE 8] e
Modal  Linear |F'Ianar|

& Delete

-2 [

= Pinred

— Current selection

=
ol

mlls Cloze Help
| |

Figure 49 - Linear support of the wall definition.

3. Switch to the graphical viewer, point at the bottom slab edges and click once
(when it is highlighted) on the edge.

4. Close the box.

[
g
5. To set 3D view of structure click the icon 9| (bottom left corner of the
screen), then in View dialog box press 3D button and close the box.

6. Press ﬁl, | icons at the bottom of the screen to turn on display of supports
symbol and sections shapes.
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7. Defined structure with slab and wall should look as shown below:

Figure 50 - View of entire structure (with slab and wall defined).

Meshing parameters definition

In this step, we learn how to mesh the panels, since Robot is finite element solution.
Robot has extremely powerful meshing algorithms to cope with virtually any shape of
structure or mesh requirement.

NOTE:

i The meshing of the plates and shells are made automatically (with standard parameters), :
'\ after starting the calculation process. However it is often desirable to mesh the structure i
E manually - often to obtain better quality meshing we should to modify the standard settings. .
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1. "?fé Options of FE Mesh Generation then @ Meshing Options - click
these icons or select the Analysis > Calculation model > Meshing Options op-
tion from the menu to open the Meshing Options dialog box.

NOTE:

Because there were no panels selected, the program will ask you the question:

Autodesk Robot Structural Analysis Professional

s [ Mo J

7 E Mo panels selecked For this operation, Do you want to perform these operations for all panels? E
L '
Answer Yes to select all panels. .

2. Select Complex mesh generation (Delaunay) to choose meshing method.

3. Type 0,5 [m] to define size of finite elements (as shown below):
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] Meshing Options
Meshing rethods | Methad parameters |

Available mezhing methods
() Simple mesh generation [Coons)
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() User
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Figure 51 - Meshing method and parametrs definition.

4. Click OK to close Meshing Options dialog box.

5. From Options of FE Mesh Generation toolbar click

A

Generation icon or

select the Analysis > Calculation model > Generation option to generate the

mesh.

6. Close the Options of FE Mesh Generation toolbar.

7. Meshed slab and wall should look as shown below:
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Meshing parameters may be defined separately for each panel. Thisis s
| times useful if the Engineer is interested in results in a set area and can
' therefore mesh this area more densely than other areas.
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Definition of slab loads

In this step, we define additional loads to be applied to the slab.

—
Press DIli icon (right side of the Robot screen) to open the Load Types dialog

box.

Choose in the Nature field live, then New to define a live load with a standard
name LL3.

To define loads for LL3 case select this load case in the List of defined cases
field.

Close the Load Types box.

Press icon (right side of the Robot screen) to open the Load Definition
dialog box.

On the Surface tab press icon to open Uniform Planar Load dialog box,

then type value of load -10 (kN/m2) in the pZ field, click Add and close the
box.

In the Load Definition dialog box set the cursor in the Apply to field, then indi-
cate panel (click when it is highlighted).

Press Apply and close Load definition dialog box.
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STRUCTURE ANALYSIS

Here we start the analysis process, but firstly we will define load case

combinations:

Select Loads > Manual Combinations... option from the menu to open the
Combination Definition > Modification dialog box. Leave Combination name

and Combination type as set default.

B Combination Definition/Modific... [g|

Combination number; 18

Combination name;

Combination type; Ls -

~ Seizmic combination ype

@ COC ¢ SRSS 0 25M O 10

Mature: idead vi

[ Buadratic combination

0k | Close ] Help ]

Figure 53 - Definition of combination type.

Click OK button to open Combinations dialog box.
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B Combinations

LCombination: ] OMET : ULS
Caze list: List of cages in combination:
M ature: Iﬁ" ;l Factor | No. | Case name
M. | Case name ~ 5 |
1 DU
2 DLz > |
3 LU i |
4 LLZ 3 |
5 wWIND1 v
< il | 3 i |
Factar: Iautn
. < Jil | |
Factar definition | — =
Mew LChange | Delete | Apply Cloze Help

Figure 54 - Definition of cases in combination.

Combination factors may be defined manually for each nature of load case
(Factor definition button) or applied automatically for the selected load
nature (option auto in Factor field).

3. In this case we use automatic definition of factors (option auto in Factor field)

ik
so in the Combinations dialog box press J button to transfer all defined load
cases (left panel) to the list of cases in combination (right panel):
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& Combinations

Combination.  |&: COMET : LS |
Caze list: List of cages in combination:
M ature: Iﬁ" ;l Factor | Mo | Case name
1.20 1 DL
Mo Caze name
I _|> 120 2 DL2
>> 1.E0 3 LL1
= 1.60 4 LLZ2
1.E0 5 WIND1
3 I 050 B SN1
& il I ¢ <| 1.E0 7 LL3
Factar: Iautn
s < 1l | |
Factar definition | — ==
Hew | LChange | Delete | Apply Cloze Help

Figure 55 - List of cases in combination with automatically assigned factors.

4. Apply and close the box.

5. Defined load combination COMB1 was added to the list of defined load cases:

3 Autodesk Robot Structural Analysis - Project: Structure_3D - Results (FEM): none - [Structure - Cases: 1 (DL1)]

1 File Edt View Geometry Loads Analysis Resulks Tools Window Help
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Figure 56 - List of defined load cases updated by load combination COMB1.

. =

from the menu to start the calculation process.
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7. Once the calculations are completed the information: Results (FEM): Available
should be displayed at the top of the screen.

. INFO

A key strength of Robot is the possibility to define a wide range of analysis
¢+ types (linear static, non-linear geometry and material, buckling, modal !
i analysis, harmonic analysis, seismic analysis, time history analysis etc.)

i If the user wishes to see these possibilities, he/she may look in the Analy-
sis > Analysis Types > Change analysis type pull down menu.

+  However, for this simple example, we will just assume the default linear
¢ static type of analysis. '

RESULTS PREVIEW

Panels results in map form

In this step, we learn how to display calculation results on panels as “maps” for selected
load cases:

1. In the list of defined load cases choose the load case for which the results will be
displayed:

L2 [7:13 |

2. Select Results > Maps... from the menu to open Maps dialog box.

3. In the Detailed tab check Displacements - u,w for z direction box.

4. Tick With FE mesh on (bottom part of the box):
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Figure 57 - Parameters of maps on panels definition.

To display scale of colors, on the Detailed tab tick the “Open new window
i with scale” displayed box . On the Scale tab you can change parameters of !
i map presentation (color palette, scale type), in this example, choose Color !
i palette: 256 colors. |

5. Click Apply and close the Maps dialog box then enlarge the graphical viewer (by

stretching) and click @ Zoom All icon to maximize model view.
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6. Map of deflection of the plate should look as shown below:
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Figure 58 - Panels displacements in z direction in map form.

7. Press Exit to close additional window. To switch oft the map display, go back to
the maps dialogue box, remove the tick and apply

E In the similar way, maps that show other values available from the Detailed dialog box can
i also be displayed.
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RESULTS PREVIEW | Deformation of the structure

In this step, we learn how to display deformation of the structure.

1. Press “licon at the bottom of the screen to turn displaying sections shape off.

2. Select Results > Diagrams for Bars... from the menu to open Diagrams dialog box.

Diagrams

MTHM | Deformation |Stresses | Reactions *

»

(%] Deformation
.D Exact deformation for bars

[] Defarmation in stucture scale

Diagram scale far 1 [om)

(e
Animation
Murnber of frames:
MNurnber of frames/second:

[ Al ] [ MNaone ] [ Mormalize

J

[ ]Open a new window [ | Constant scale

Diagram size: B

[ Apply ] [ Cloze ] [ Help

)

Figure 59 - Presentation parameters of structure deformation.

3. On the Deformation tab tick Deformation box on, then press Normalize button
(to auto scale). Deformation of the structure should look as shown below:
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. Inasimilar way, diagrams that exhibit other values available from the NTM dialog box can be |
E viewed (see below): E
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Diagram zcale for 1 [om)

B COF:Forcs (kN]
W COffoce | k)
B OfeFoce | &)
0 M= Mament I:I [kM*m]
B Ovyvonene | | kem)
B 4z Moment I:I [kM*m]

Elastic ground reactio

. [] Ky Reaction I:I (kN /m)]
B Kz Reaction (kM/m)

’ all ] ’ Mone ] l Mormalize: J

Diagram size: E]

[10pen a new window  [] Constant scale

L Apply ] [ Cloze l [ Help ]

Figure 61 - Diagrams for bars dialog box.

4. Tick oftf Deformation and Apply, then close the Diagrams dialog box.

Results on panels in tabular form

In this step, you learn how to display calculation results as tables:
1. Select Results > Panel and Shell Results from the menu to open FE Results dia-

log box, or click % Tables icon (toolbar on the right side of the screen) and
tick Results for Plates and Shells option on, then OK to close the box.
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A Tables: Data and Results |E|E|

[ & Time History Analys

] BP Plates and Shells

E?] Resultz for Platez and Shells
] B? Flate and Shell Reinforcement
| Required Member Reinforcement
] B? Reduced Results

] /M Plastic process history

~ Table opening mode
" Full table [zelection highlighted)
7 Tatle filtered to curent selection

ok I Cancel Help

Figure 62 - Selection of data to tabular presentation.

2. Click the right mouse button and select Table Columns option to open Results
for Plates and Shells dialog box.

3. In the Detailed tab tick the following options in:
- Membrane forces - N: in direction xx

- Shear forces - Q: in direction xx
- Displacements - u,w: in direction z (as shown below):
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K3 Results for finite elements E] E]

Detailed | F'rincipall Eompler:l Parameterﬂﬂ

Laver : Layer middle ﬂl
Direction = | &I
WAoo z
Shesses - & = | oE o Filkers |
Membrane forces - N W Eutiing |
Moments - M W v v
Shear strezses - t B B ﬂl
Shear forces - O i
Dizplacements - uw H W v
Rotations - B [ {5
Sail reactions - K B
I~ Al [ None

IFE Fesults

Far the active table, columnz selected on thiz tab
{f-" will be added " will replace existing ones

Figure 63 - Table content composition.

4. Click the Direction X button and in the opened Selection of Direction dialog
box tick the Automatic option in:
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L3 Selection of Direction E] . @

Syztern of local axes:
* Automatic

" Cartesian
 Palar

i System definition

for a given panel.

(]8

Cancel

dl;

Help

Fesults it the local spstem which is
compatible with the user-defined zpztem

Figure 64 - Definition of the X direction of the local co-ordinate system of panels.

Selection of Direction window allows the user to define the main direction
of the co-ordinate system (more precisely, to define the X-axis), which will
be utilized by the user during surface FE result presentation. In this case
we using Automatic option so the local element system will be automati-

cally adopted according to the system defined for each of the panels.

5. Press OK to close Selection of Direction dialog box then OK to close the Results

for finite elements box.

6. Inthelist of defined load cases choose the 8:COMBI1 for which the results will be
displayed, the results for selected values in tabular form is shown below:
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There are few tabs on the bottom of the window to display additional data
| such as Envelope, Global Extremes and info about Panels. 5

7. In the table, press right mouse button, then “convert to Excel” to extract all data
to a spreadsheet

8. Close the FE Results table.
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INTEGRATION OF AUTODESK ROBOT
STRUCTURAL ANALYSIS
WITH REVIT® STRUCTURE

This example of a five storey concrete building shows the importance of using
a capable analysis solution as part of the BIM process. Such a model cannot be described
as “architecturally demanding’, yet the analysis model produced from Revit® Structure
poses some challenges for a lot of structural analysis solutions - including non-rectan-
gular openings, curved slab edges and cores. However, Robot is ideally suited to such
structures and will directly calculate the Revit® Structure generated data, without the
need to “hack” the geometry as would be necessary to satisfy the limitations of some
other structural software, thereby compromising the overall BIM integrity.

Synopsis:

The purpose of this example is to show the ease of transfer of data from
Revit® Structure to Robot and also to show how changes in the model made in Robot
can be reflected again in Revit® Structure, thereby maintaining the integrity of the over-
all Building Information Model. In particular, this example looks at the import of floors
and walls from Revit® Structure, in the form of finite element surfaces in Robot.

In addition to showing the user how to interact with and display basic data in Robot,
this example also highlights the display of FE results and making a basic FE mesh, plus
amending the mesh to suit the Engineer’s preferences

For this example, it is assumed that Autodesk Robot Structural Analysis 2010, plus the
Extensions For Revit (Integration with Robot Structural Analysis) are installed on the
same PC.
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EXPORT REVIT MODEL TO ROBOT

Opening project in Revit® Structure

In this step, we open and examine the model in Revit® Structure:

1. Press I;! icon to run the Revit® Structure program then open the Revit® Struc-
ture project: Revit2Robot building example.rvt:

% Revit Structure - [RevitZRobot_building_example - 3D View: {3D]]
[] File Edit View Modeling Drafting Site Tools Settings iWindow extensionsérevic Help -8 x

J D& E§| b BB X ‘ﬂ RN HEHR” I HA+E@ar H [P tteve (b Cepy [ Rokate (i Anay 00 Mirer [T | (0 Grove
J P B DA G D DO P PR Oewish | %M 56 Sk i Tim 5] Otet | g1 (B G | B (B | W] J ¥ Tk
‘ EPress + Diag [T ]
Easics RevitzRobot_buildin... [x| )
tiew = Views [al)
Drafting - Structural Flans
Site - Level1
Maodeling tBVE: ‘2 - Analyt
- - Leve
| Dy odfy ~Leveld
L7 Ref Plane Level 4
£ Loas Level§
Level6
.. Boundary Cond Lovel 7
i Lines Level &
O S — Level
H Structural Colur 3D Views
Wl structural wal = Wiew 1 - Analyli
{30}
I seam - Elevations (Bulding
Bl Brace - Building Elevati =
— - Elevation 2 - & E
[t it
Esil Elevation3- a
&5 Slab Elevation 4 -3
(7 Slab Edge B~ Sections (Building
Section 1
VI Beamn System ection 2
Truss Section 3
4 Foundstion » :ED“D" ;
- Section
(3 Rebar » ] Legonds
Gpening chedules/Quantitis
5 chedules/Quantt
————— || -3 Shestsiall
T Create...
L]
< il | > ya'=1-0" BB 0 HEH YL il £l
Ready L

Figure 1 - Model of building in Revit?Structure
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2. Rotate it to show the type of elements it contains:

Sections:
- steel (according to US AISC and also UK Steel section databases)
- concrete beams and columns

Slabs, walls
Foundations:
- isolated footings - in Robot these will be treated as a fixed support,
- continuous around wall base - in Robot these
will be treated as a line support
Loads (Line and Area Load)

Sending data to Robot

In this step, we learn how to export the Revit model to Robot:

______________________________________________________________________________________

NOTE:

E A useful feature is that only “selected” structure data in Revit® Structure is transferred to
E Robot - this allows only part of the model to be transferred to Robot (it could be useful if
' the user wants to select only part of a structure to analyze).

However, in this example, we want Robot to analyze all of the Revit® Structure data so it
is important to ensure that either no data is selected or alternatively all of the structure is
selected.

Autodesk Revit Structure - [RevitZRobot_building_example_rvt|
Modify  Analyze  Architect & 5ite Collaborate  View  Manage m

_——

Changes ™ ‘

External Tools Extensions

Figure 2 - Extensions4revit menu

Autodesk Robot Structural Analysis - Getting Started Guide



NOTE:

Revit® Structure: Modify option should be selected in the Basics tab of the Design Bar.

EXPORT REVIT MODEL TO ROBOT | Sending data to Robot

2. Extensions Manager dialog box will appear:

B Extensions Manager @

File  Wiew  Extensions Tools  Help

B EER Y@ e

£ AutaCAD Structural Detailing

9 Import/Expart
£ Miscellansous

@ Load Takedown

@ Reinforcement Design
£ Simulation

£ Steel connections

Cloze

Figure 3 - Extensions Manager dialog box

3. To open Integration with Robot Structural Analysis double click the appropri-

ate option (see above).

4. In dialog box shown below leave Send model to Autodesk Robot Structural
Analysis option active (it is chosen by default) and click OK.

8] Integration with Robot Structural Analysis

(%):5end model to Autodesk Fobot Stuctural Analysis

() Update model from Autodesk Robot Structural Analysis

[[] Use Autodesk Robat Stuctual Analysis RTD file

Figure 4 -Integration with Robot Structural Analysis (send model option)
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NOTE:

There are 2 ways to send data to Robot:

fer of data between programs
= by file - Use Autodesk Robot Structural Analysis RTD file - useful if, for example,

E = dynamic - Send model to Autodesk Robot Structural Analysis -this is a dymanic trans- '
E Revit® Structure and Robot are on different computers .

5. During the transfer process the following splash screen is displayed:

Send model to Robot Structural
Analysis

Reading Element: 3153...

Figure 5 -Send model to Robot splash screen

6. Next, Integration with Robot Structural Analysis - Send Options dialog box
will appear:

S| Integration with Robot Structural Analysis - Send Options r$__(|

Secope and carrection
Send enlire Revit project [ignore current selection)
Send only current selection

E=ecute model comection in Fobat

Specify the caze that containg selfweight
® [ou v

() lgnare self-weight

Bar end releases
(=) Do not use Revit settings

() Use Revit settings
Change Finned-Finned to Fised-Fized

=
=
t=]

=

Help

Figure 6 -Integration with Robot Structural Analysis - Send Options dialog box

7. Leave default settings as shown above and click OK.
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Integration with Robot Structural Analysis - Send Options dialog box
i allows you to configure export parameters :

Basic Opitons tab: ;

+  Scope and correction group - enables the user to:

| = Send entire Revit project (ignore current selection) - sends whole

i model (this option is selected by default - it prevents exporting of an -
accidentally selected element or elements. :

= Send current selection only - sends only selected elements

= Execute model correction in Robot - decides whether to run “draw-

i ing model correction” in Robot automatically, which will serve to join

i nodes to gether that fall within a certain tolerance

Specify the case that contains self-weight - option allows for defining :
which load case will be considered in RSA as a self-weight case
= |f the first option is chosen, then User is able to specify Revit load
case, which will be used in RSA for definition of self-weight. All loads
- defined in this case remain unchanged - self-weight will be added. -
= |t is possible to ignore definition of self-weight with using Revit load ;
cases - by choosing second option. I

+ Bar end releases group - allows the user to select the way of handling !
end releases: -

= Do not use Revit settings (assign end releases in Robot) - end releas- !
| es are manually defined in Robot. |
* Use Revit settings - recognizes and assigns bar end releases defined |
in Revit®Structure
= Change Pinned-Pinned to Fixed-Fixed - all Pinned-Pinned end re-
| leases defined in Revit®Structure are changed to Fixed-Fixed. Thisis !
often set to avoid mechanisms in the structural model :

Autodesk Robot Structural Analysis - Getting Started Guide
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Integration with Robot Structural Analysis - Send Options dialog box
allows you to configure export parameters

Additional Opitons tab:

Materials group - allows you to select the way of handling materials:

= Use Robot default materials - for each element’'s material type (steel,
concrete, timber] Robot will assign material from Robot database
with standard properties

= Define new materials in Robot - creates new materials in Robot with
such physical properties as defined in Revit®Structure

= Select material of the best matching parameters - assigns material
properties from Robot data base with the nearest values to those
defined in Revit®Structure

Curtain walls - option allows for setting sending parameters for Curtain
walls. Panels created in RSA have a property (triangular method of load
distribution in panel calculation model is set), which allows load distribu-
tion to other elements.
= Analytical model only (no system panels, no mullions) - creates one
panel in RSA without interior elements (system panels and mullions)
- differences in singular panels are neglected
* Analytical model and mullions (no system panels) - creates one
panel in RSA (no division to system panels) but also mullions are
transferred - differences in singular panels are neglected
= System panels and mullions (detailed model] - sends all interior ele-
ments - system panels and mullions are created in RSA - differences
in singular panels are considered

Transfer (optionally) - set of additional options of sending
= Use drawing model offsets as analytical - an offset parameter is
defined for bar elements in RSA according to Revit's definition
» Reinforcement projects (beams, columns, spread footings) - defined
reinforcement in listed elements is transferred to concrete design
modules in RSA
= Steel connections - option not available in current version

.........................................................................................
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8. The Send model to Robot splash screen is displayed once again. Information
about Robot launching appears. A progress information shows each step of the
transfer process (such as reading of necessary Revit Structure data, creation of
Robot project, export of elements and creation of corresponding Robot struc-
tural elements).

Send model ko Robot Structural
Analysis

Exporting Element: 261 (2154 - Walls...

1] ]

Figure 7 -Send model to Robot splash screen

NOTE:

E Occasionally sections may be defined in Revit® Structure that are not defined in Robot. The .
E Section Database Organizer (see below) allows the user to add such databases into Robot
. without disturbing the transfer of data between programs. 1

9. Adaptation of Active Section Databases of Robot dialog box may appear and
display (upper, left corner of the box) information about Unknown sections
(in this case there is one unknown section 178x102x19UB from the British
section database).

NOTE:

i Such a message may or may not occur on individual PC's depending on the language, prefer-
' ences and databases that are used in Robot.

Autodesk Robot Structural Analysis - Getting Started Guide



138 EXPORT REVIT MODEL TO ROBOT | Sending data to Robot

aptation of Active Section Databases of Robot

Send information Uriknown sectiony
RevitT oRobot send command was not able to create some
gection labels in Raobat. You can select any available 178:102:1908
section database and add it to active section databases.

Availshle section databases

|aisc v/ | [ addto aclive datohases |

|415C (american hot 1olled shapes [Jan 2005]) |

Active section databases

Datab | Datab name and d
_ 1|Aasc | AISC [American hot rolled shapes [Jan 2008])
_2|Alsl | AlS] [American cold formed shapes)
_ 3|ARBU | Arbed_USA ISREED - American section ranges)
4|RUSER UZYTEDWHMNIK [Baza dangch z profilami uzytkowvnik.a)

FaE

=

E

Figure 8 - Adaptation of Active Section Databases of Robot - information about unknown sections

10. In the Available section databases pull-down menu select UKST (British
section database).

Adaptation of Active Section Databases of Robot

Send information Urknawn sections
RevitToRobot send command was not able to create some
gection labels in Robot. You can select any available Hide << | 178410215908
sechion database and add it to active section databases.

Available section databases
5T v | Add to active databases |

=

ian

pes [Jan 2006])

apes)

an section ranges]

2 profilami uzytkownika)

!

Figure 9 - Adaptation of Active Section Databases of Robot - available section databases pull-down
menu
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11. Click to Add to active databases button, UKST database will appear in the Active
section databases window.

FHAdaptation of Active Section Databases of Robot

Send information
RevitToRobot send command was not able to create some

section |abels in Robot. You can select any avaiable Hide << | 1781021908

section database and add it to active section databasss

Unknown sections

Aupailable section databases

‘UKST v| | g’ Add to active databases J

L
|UKST (British hat ralled section] |

Active section databases

| [Datab | Datab name and d
UKST (British hot rolled section]

| AIS] [&merican cold formed shapes]
Arbed_LSA [ARBED - American section ranges]
UZr TKOWMNIK [Baza danych = profilami uzptkownika)

b 26

Figure 10 - Adaptation of Active Section Databases of Robot - information about added section
database

12. Press Apply to close the window and continue exporting process.

13. After data transfer, we can see an events report, to do this click Yes.

Integration with Robot Structural Analysis

j ) SendingtoRebok Siructural Anahysis s completed.
\) Command completed successfully,
Do you want ko see the events report?

res ][ w |

Figure 11 - Events report after exporting data selection.

14. List of messages (and eventual warnings) will appear (see below):
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=k Warning list

& || Messages

Analysziz Integration Enabler - Send |

@ 2008-8-22 13:39:57 - Command execution started.
@ —» Stage execution time: 0 [geconds]

Aszsigning shared parameter file
@ -» Stage execution time: 1 [zeconds]
Reading Elements

@ -» Levels: 9 instances reqistered
@ -+ Stage execution time: 3 [zeconds]

Registering loads

@ -» Stage execution time: 0 [zeconds]

v
Cloze

Figure 12 -Warning and messages list

15. Close the Warning list to finish sending data to Robot process.
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STRUCTURE ANALYSIS IN ROBOT

NOTE:

You can check active units in right, bottom corner of the screen. In this example should be
the display: [m] [kN] [Deg].

E Change units from imperial to metric: Tools/Job Preferences/Units and Formats/Metric. .

LFME Edit View Geometry Loads Andlysis Tooks  Window
D2HE¥R@X BB AN
[T = 2] =leir Bl X[ Sl &2 =lles 2|
Object Inspecior ] - &
TR | a @
Ojects Hum e
i A Nodes oAz 0
= Bars w2z
) & Pangls /25 =
2% duiiany abjects s m
o oo Ly
4] E ], Geometry &
g @
an
f
51
= i =Y
Properties / . o
E|L|!J L] el / B 111 |
Shuciure
Lﬁ‘fj “‘I“’I'% ) & 7 [ 174 (#1474 [THE00 ([ %=0.00, y=0.00, 2=0.00 | =] | [m] (k4] [Deq]

Figure 13 -Exported model of structure in Robot
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Displaying items on the screen

In this step, we learn how to display additional attributes on the screen.
By selecting icons of the toolbar located under the graphic field display a few more items
can be displayed:

-1p Support symbols

_te| - Section shapes

=l Load symbols

t Structural Analysis - Project: Structure - Results (FEM): none - [Structure - Cases: 1toB ]

R |File Edit Wiew Geometry Loads Analysis Resuks Tools Window Hel T
JD@E@M@.@XI%?’Q EE BREBY XM & EE :I\l
A2 E[ =] e BB L[ al 22 Hles o)
Objset Inzpector ] Bt
TE | Q )
=
Objects Hum
[ A Nodes 07 n
= Bars 24
- & Panels 0/26 o
5 25 Ausiliary objects 0/8
%
L
I
|« | 0 &
=
uame  vaue  Lnt =
o
il
&
. - _ =
| | | | 3|
= &; (Cases: 1to8
Properties /| 1 _ ) : |-
LI EEEEE= i ) S — S
Structue
v B @) ) 7)) [ [174  [81 474 [Direction % |[6 x=-30,53; v=12,88; 2=30,00 = 0,00 | [m] (k4] [Deg]

Figure 14 -Model of structure in Robot with additional display attributes
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Presentation of load cases transferred from Revit®Structure

In this step, we display the load cases defined in Revit® Structure:

1. From the list of defined load cases choose 2: LL1

I3 Autodesk Robot Structural Analysis - Project: Structure - Results (FEM): none - [Structure - Cases: 1toB ]
% Fle Edt View Geometry Loads Analysis Resubs Tooks Window Help

JJD@EI@W@EX%ﬂ?’\ II a @l@%ﬁQA’&i%éﬁ&'
I"I = | 08 2

Object \nseecmr B
TEQ

Objects Nurt
A Nodes 17
= Bars /241
2 Panels /26
&% Ausilary objects w8

Figure 15 -List of defined load cases

2. Loads belonging to the case 2:LL1 case are shown in the graphic viewer (in the
same way display next cases: 3: WIND1 and 4: SNOW1):

{8 Autodesk Robot Structural Analysis- Project: Structure - Results (FEM): none - [Structure - Cases: 2 (LL1)] LER

R File Edt View Geometry Loads Analysis Resus Tools Window Help IS
DSHSVYREGXBENNEHE ARABYRMuEe & EFE |
|21 ] Seir Bl LRFED Sl o2 =& 0o
Cbject Inspactor ] By
FE Q o
Objects Humt s
A Hodes 17 i
& = Bars /241
& Panels 0126 =
[ 2% Ausiliary objects (1%
&
b
I
o
i
:-m-— &
m
o
&
&
, : e
T i Cases: 2 (LL1;
41 & A
E| 7| T ERE T == i | DI
Stucture
;_;ﬁv_‘ﬂ mimi ﬁ BT | [174 [®d[474  [CRIzxI2 | [ %=9,47; y=72,88; 2=20,00 | 0,00 | [w] [W] [Deg]

Figure 16 -2:LL1 Load case
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A3 EEB Bt Hea20=0%

ANEE BQRBY IR
“ler @ Ll [oshown it &2

CRIZGZ [ o 53; vtz =0 S 0w
— —

Figure 18 -4:SNOW1 Load case
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3. To display numerical values of loads click 2] icon (bottom left corner of the
screen).

4. @ Display the View submenu.

5. @ By means of 3D Orbit option from the View toolbar rotate the model to
show all the details: Profiles, Panels, Supports, Loads.
6. Click one more time the icons: = =] to turn loads display off.

7. Click one more time the icons: £ %l to turn support and sections display off.

Meshing parameters definition

In this step, we learn how to mesh the panels.

The meshing of the plates and shells are made automatically (with stan-
dard parameters). A key strength of Robot is the ability to rapidly auto-
mesh virtually any shape of surface and to edit and refine the mesh as
required.

»
L. 'J Options of FE Mesh Generation then % Meshing Options - click these
icons or select the Analysis > Calculation model > Meshing Options option
from the menu to open the Meshing Options dialog box.
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Because there were no panels selected, the program will ask you the question:

Autodesk Robot Structural Analysis Professional

" ': Mo panels selected Far this operation. Do you want ko perform these operations For all panels?
LJ

[ Yes J[ ] J

Answer Yes to select all panels.

2. Select Complex mesh generation (Delaunay) to choose meshing method.

3. Type 0,61 [m] to define size of finite elements (as shown below):

I Meshing Options
Meshing methods | Methaod parameters |

Available mezhing methods
O Simple mesh generation [Coons)
(®) Complex mesh generation [Delaunay)

O Automatic selection of a meshing method

Mesh generation
O Automatic O User
(& Element size

ST

Mesh of volumetric elements

Fine Coarse
Additional meshing of solid surface

[ Advanced options ]

L Ok ] [ Cancel ] [ Help ]

Figure 19 -Meshing method selection

4. Click OK to close Meshing Options dialog box.

AT
5. From Options of FE Mesh Generation toolbar click £-- Generations icon or select
the Analysis > Calculation model > Generation option to generate the FE mesh.
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6. Close the Options of FE Mesh Generation toolbar.

7. Meshed slabs and core walls should appear as shown below:

1'% Autodesk Robot Structural Analysis- Project: Structure - Results (FEM): none - [Structure - Cases: 1to8 ]

% Fle Edt View Geometry loads Analysis Resuls Tools Window Help BEE
ID@I%W@&@XIIﬁﬁ EE B QS 5Y R 29 & [FEemy le
|21 | ] St Bl Jad & e 8l
Object Inspectar H ;I
% Q
Objects Murt
A Nodes 07531
— Bars /24
& Panels 025

2% Auwiliary objects %]

] — i
(T2 T Geometry £ Growps /

Hame Value  Unt | 4

HEL EBE vB A Hoo2Ui=0%

I\ Properties ,‘ LI
ez | 1 ) RS I = = oy e | pLL L
[Stuctuie
j 1 “‘I“’I % @7 [ 7541 [Ad [474 | Direckion_% ([ x=-53,53; v=-13,12; 2=10,00 5 0,00 | [m] k4] [Deg]
—

Figure 20 -Example of meshed structure

8. Press Ita_jl‘l icon at the bottom of the screen to hide the finite element mesh.

INFO
Meshing parameters may be defined separately for each panel.
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Calculations

Here we start the analysis process, but firstly we will tell Robot to make automatic code
combinations (from any one of the list of Codes in Job Preferences):

1. Select Loads > Automatic Combinations... option from the menu to open the
Load Case Code Combinations dialog box. Select the Full automatic combina-
tions option. The program will now automatically assign a number of combina-
tions to find the most onerous load combination.

M Load Case Code Combinations

Combinations according to code: | (B3] w E

() Mone / Delete
(%) Full automatic combinations
) Simplified automatic combinations

() Manual combinations - generate

Estimated number of combinations: 79

Automatic generation of all combinations. Combination tppes [ULS, SLS]
are grouped into compoged cases whoze components include
subzequent combinations. Combination envelope cazes [+/-] are alzo
generated.

It warkz only for linear cazes and requires launching caloulations.

k. ] [ Cancel l [ Help ] [ Mare > ]

Figure 21 -Code combinations dialog box

2. Click OK button - automatic calculation of code combinations will be done.

Calculations - click this icon or select the Analysis > Calculations option
from the menu to start the calculation process.

4. Once the calculations are completed the information: Results (FEM): Available
should be displayed at the top of the screen.
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A key strength of Robot is the possibility to define a wide range of analysis !
' types (linear static, non-linear geometry and material, buckling, modal :
' analysis, harmonic analysis, seismic analysis, time history analysis etc.) E
If the user wishes to see these possibilities, he/she may look in the Analy-
:sis > Analysis Types > Change analysis type pull down menu. :

+ However, for this simple example, we will just assume the default linear
| static type of analysis. :

Results preview - displaying panel results in map form

In this step, we learn how to display calculation results on panels as contour maps for
selected load cases:

1. In the list of defined load cases choose the load case for which the results will be
displayed:

L2 100 -]

2. Select Results > Maps... from the menu to open Maps dialog box.
3. In the Detailed tab check Displacements - u,w for z direction box in.

4. Tick With FE mesh on (bottom part of the box):
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Farameters I Scale I Dreformation ] Crozzes !
Dietailed I Frincipal ] Complex I
Layer : middle
Direction !
WA wy z
Shiesses - s m O
Membrane forces - N [
Moments - b m m
Shear strezzes - B
Shear forces - 0 {
Displacements - uw | v
Rotations - A - | I
Soil reactions - K. B
Ismoothing within a panel _:_i
7 Jaolines v w/ith nomalization
& Maps ¥ with FE mesh
" Walues [ with description
v Tpen new window with scale displayed
Apply l Cloze Help l

Figure 22 -Maps for surface finite elements (panels) definition

NOTE:

E To display scale of colors, on the Detailed tab tick the Open new window with scale dis- '
E played box on. On the Scale tab you can change parameters of map presentation (color :
' palette, scale type), in this example choose Color palette: 256 colors. ]

5. Click Apply and Close the Maps dialog box then enlarge the graphical viewer (by
stretching) and click @ Zoom All icon to maximize the model view.

6. Maps for selected value should look as shown below:
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'8 Autodesk Robot Structural Analysis- Project: Structure - Results (FEM): available - [Maps for Panels - WNorm. (in) Cases: 1 (DL1)]

B Fle Edt View Geometry Loads Analysis Resuls Tools Window Help
& a
D2H8wR@X 218 @R B Y R 2 S [FEemy B |
|21 Iy Ser B W L Sl & e Aol
Cbject Inspactor * E
¥EISQ CEn | morguiy | OF
Objects Nurt min:-03875 | &=
A Nodes 075! [
— Bars /241
& Panels 026 0,0268 -
&5 Ausiliary obiects i3 m
I
ol — &
AT T Geometry £ Growps / -y
Name Value | Unt | 4| -0,1848 .
£
1
&
fFa
=
i -0,3913
| L:I Cases: 1(DL1)
\Properties f =
B | R = R I
Stucture || Maps for Panels
*-:-ﬁ v_j WIWW % & & 7 [ |7136 Bl [474 | Direction_t | [ %=-21,49; y=23,84; 2=30,00 | 0,00 | [m] [kM] [Deg]

Figure 23 -Example of displacements presentation in map form.

7. Tick off the Displacement z check-box and click Apply to switch the maps off.
8. Close the Maps dialog box.

9. Click Exit button (upper, left corner of the Robot screen) to close the window
with the scale.
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Results preview - displaying results on bars in diagram form

load cases:

In the list of defined load cases choose the load case for which the results will

be displayed:

12 [ ~|

Press | icon at the bottom of the screen to turn off display of panel interiors.

Select Results > Diagrams for Bars option from the menu to open the Diagrams

dialog box.

Select MY Moment (this shows the major axis bending moment on the beams)

as shown below:

E Diagrams E] :
Reactions 1 Reinforcement 1 Farameters ]
HTH ] Deformation ] Stresses ]

Dviagram scale for 1 [cm)

W oRFoee [ )
B RFoee | kN
B orroee [ KN
B Meboment | )
| B i
B Medoment | kim)

Elastic: ground reactions

. I Ky Reaction (kN/m)
B | KzBReaction [kN/m)

In this step, we learn how to display calculation results on bars as diagrams for selected

All ‘ MHone J Momalize l

Diagram gize:  + I -

I~ Openanewwindow [ Constant scale

Apply l Cloze l Help

|

Figure 24 -Diagrams on bars definition (force selection)
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5. On the Parameters tab tick differentiated option (on Positive and negative val-
ues field) on (see below) and return to NTM tab:

E Diagrams g

HTH I Dreformation I Streszes |
Reactions I Reinforcement Parameters

r Dlaglam descnphon

& pone O labels 7 tewt

Walues: Lo
. Min . R

— Pazitive and negative values

 undifferentiated % differentiated

- FiIIing
'."' fence fllled

[ Dpenanewwndow [ Constant scale

Cloze | Help |

Figure 25 -Diagrams on bars definition (parameters of diagrams displaying)

6. On the NTM tab press Normalize button (to autoscale) to display bending mo-
ment diagrams for bars:
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{8 Autodesk Robot Structural Analysis- Project: Structure - Results (FEM): available - [Structure - MY ; Cases: 2 (LL1)]
| File Edt View Geometry Lloads Analysis Resuks Tools Window Help

JD@I%W@@XI‘ﬁﬁ EE(GQRBY R 28 S EE— :l\l

I = 2] Her EE RED Sl 22 @ oy
Object Ir\sEacxm X d
LR | a

Objects Mumt
- A Modes 089
[#- == Bars /24
[+ & Pangls /28
- &% duiary objects 0/8

| —] |
A>T Geometry £ Grows /

Mame Value  Unit | 4

B EPEB Bt H293=1%

- Cases: 2 (LL1)
\Properties /

T&\_J_J =iy ==
[Stuclue

"ﬂvi '"IH'I ﬁ @& [ |7543 (B [474 | W 8x15 E x=-30,53; y=32,88; z=-4,00 = 0,00 | [m] [I4] [Deg]

-

Figure 26 -Example of bending moment presentation in diagram form

7. Tick off My Moment and apply to remove the diagram.
8. Close the dialog box.

9. Press ﬁl, EI, EI icons at the bottom of the screen to turn on display of the
supports, section shapes and panel interior.

Autodesk Robot Structural Analysis - Getting Started Guide



MODIFICATION OF THE STRUCTURE IN ROBOT | Replacing sections

MODIFICATION OF THE STRUCTURE IN ROBOT

Replacing sections

In this step, we learn how to replace section shapes:

@
1. Press ™ icon on top toolbar to open the Selection dialog box.

2. Indicate Section as selection criterion and click 178x102x19UB.

3. Press the m button to enter defined selection to the edit field and mark red steel
beams (see picture below):

| Autodesk Robot Structural Analysis - Project: Structure - Results (FEM): available - [Structure - Cases: 1108 ]

% Fle Edt View Geometry Loads Analysis Resubs Tooks Window Help

DeHAWRGXERBNAN IIfQQ%ﬁﬁ’&&%ﬂﬂﬁﬁﬁﬁmw |
[ A2 = 2 [ Sl B L[ SR &2

Object Inspestar H]

TE|Q
Objecls Numt

& A Nodes 0730
# = Bars 324
& Paneks /28
# % Auwdliay objects %]

.‘:5 Selection

Frevious m E H lﬂ

Atb. | Group | Geometry |

[5ection = [12x18
18424

any
undefined

Select — 1 lwiad43
@ framlist ¢ example | |w@x10
Close Help

ng v
4

i 45510457
ol

5
Type | Revitoist
Comp... (Different...
Eeme beam
Story .
e

Length | 2500 (f)

Mode 1 |(Ditferert
MNode 2 |(Ditferert. .

Type \ cartesian)|

f

= ‘ | <1

I L] nln el e —[E= ] 7 NIESES

| Stuctuie

v B2 @ @ ) [ 1216 [P 474 Direction_ [t %=-10,53; y=52,88; 2=-4,00 = 0,00 | [m] [kn] [Deq]
—

Figure 27 -Selection of beams by filters.
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icon.

Go to the toolbar on the right side of the screen and click E Bar Sections

5. In Sections dialog box select W 8x10 section:

E Sections

D& ] | B eff

SIS

K DELETE [ C1gx18 I
08x16
0 12«18
[018x24
T 17810241908 T w1443
[ B 816 I wans

i_ i’ |

%

- Lines/Bars
|455t045?

Apply I Cloze | Help

Figure 28 -Section selection.

6. Apply and Close the box. This changes all the selected sections to W 8x10

_________________________________________________________________________________________

NOTE:

Because the section exchange implicates changes in the structure stiffness, the program
will ask you the question:

Autodesk Robot Structural Analysis Professional

1 The performed operation will cause the changes in the database containing struckure data and may cause a change of the result status to 'nat
)

avallable'. Do you want to continue?

Answer Yes

In the same way we can replace concrete columns 18x24 by sections C18x18.

T

7. Press T icon to open the Selection dialog box.

8. Indicate Sections as selection criterion and click 18x24.
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Press the m button to enter defined selection to the edit field and mark red
concrete columns:

18 Autodesk Robot Structural Analysis- Project: Structure - Re (FEM): out of date

% File Edt View Geometry loads Analsis Resuls Tools Window Help

S | _"|154m1733wa73_|p§? &l g ;-|1ms

Object Inzpactor =]

TE|lQ

Objects Humt

& A Hodes 0/ W Matitp al

# = Bars 174 1
# & Panels /2

2% Audliary objects 08

P.evlmus m E H m
Attt | Group | Geometry |

[Section =] [iza18

[
178x1 021 SLE

%15
any
undefined
12426
14943
WE1D

\

A

Select————————
& fromlist © example
Close Help

'\\\v v‘t

Type | RC column
omp.... (Different

Elzme.. beam
Story

=[Geometry et
Length 14,00/ (ft)

[ Node 1 | (Ditferent...
[#|Node 2 |(Different.
.| cartesian)

[t | 7 | IESL|

Stluctuve

"jv: “‘I“’I % @7 1216 [Bd [474 THz5,00 |[F x=12,47; y=28,38; 2=10,00 /= 0,00 | [m] [k] [Deq]
—

Figure 29 -Selection of columns by filters.

10. Click Close.

11. In the Sections dialog box choose C18x18 section as shown below:
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F'_j Sections E]

DX EEER & 9] e
# DELETE =5 [ R ENE!
[1 8«16 T wixi
12«18 T wizs
[T18x24 T wi4=43
T 1781021908 T w15
[1 BaxlE T “w 1Ex40

~ Linez/Barz

|1 E4tol78 310 378

Apply I Cloze Help

Figure 30 -Section selection.

12. Click Apply in Sections dialog box to give the new section type to bars

13. Close the Sections dialog box.

Deleting bars

In this step, we learn how to delete elements:

1. Indicate bars (just click bar when is highlighted) as shown below. To make a multi
selection, click while holding down the ctrl button:
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{8 Autodesk Robot Structural Analysis - Project: Structure - Results (FEM): out of date - [Structure - Cases: 1to8 M[=ES
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Figure 31 -Selection of beams by coursor.

2. X Delete - press this icon or select the Edit > Delete option from the menu to
delete selected elements.

Adding new elements

In this step, we learn how to create new elements (in this case we will add cross bracing):
1. Press the icon -2 to turn sections display off.

2. Press right mouse button on the graphics screen, then in the context menu select
Window option:
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Cancel
Seleck

Previous Selection

b Rotate 30

S N
4 pan

3¢ Redraw
&k Zoom Al Chrl+Al+D

Snap Settings »
@ Display. .

Obiject Properties
A Tables...
88 Screen Capture... Chrlalk+g

3. Select by dragging window the view of the highest storey as shown below:

Structural Analysis - Project: Structure - Results (FEM): out of date - [Structure - Cases: 1toB ]

BBl Edt Vew Geometry Loads Analysis Resuks ool Window Help &

JD@E%@@@XI%"’@II B RQE $HY 2w & EE— :I\I

I ]| Sl B LA Sind 22 B
Dbject Inspestor ] ;l
T E|Q
Mbjects Mumt
#- A Modes 090
[ = Bars 0/23
- &2 Panels /26

B 2% Audiary objects 0/3

il — i
> T Geometry £ Grows /

A EEE B Lt Ho220=05%

Properties [~
B \!J!J
HUDILIIE

‘ﬂvi Iﬁ S H@ D 1216 |BL 475 HP 836 E x=-70,53; y=72,88; =56,00 = 0,00 | [m] [kN] [Dag]

Figure 32 -Top storey view.

4. Select the Geometry > Bars option from the menu to open the Bars dialog box.
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5. Set Bar type: as Simple bar (whatever is selected is not important for analysis,
but affects the design parameters for subsequent member design, such a buckling
length, position of restraint etc)

Humber; I4?’4
M ame: I‘EE' = bar_474 __!

- Properties |
.|

Bar type: I Simple bar

Section; BN

Default material Ezgg
R colurn
¥ . RC beam
Hode:coordnats RewvitColGravity
Eeginning: ﬁ RevitGirder
Revit)oist
End: RevitBeam e
MHare ot
[ Drag T
— Agiz pogition —
Offzet: |N|:|ne vl I
£dd | Cloze | Help |

Figure 33 -Bar type definition.
6. Define Section: as L4x4x0.375.

7. If the L4x4x0.375 section is not available on the list, you should click the (...)
button located beside the Section field.

8. In New section dialog box, in Section selection field for Database: select AISC,
for Family: select L then in the Section: set L4x4x0.375:
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10.

Standard | F'alametlicl Taperedl Cnmpnundl Speciall Ax vz !

RjIlL BT

~ Section selection

Label
S Latabaze: |.&ISC 'I

|L 4ud20.375

IAmerican hat rolled shapes [Jan 20

Lalar: At hd Eamily: |L 'I

I Angles [#-y axiz, parallel bo legs)

Section:
= |
Gamma angle: IIJ vI [Deq) Section type: I Steel vI
Add Clse | Help |

Figure 34 -New section definition

Click Add and Close the box.

INFO

There are many extra options that may be entered for fabricated mem-
i bers, tapering sections and also for beams that the user wants to define |
i as able to exhibit plasticity. 5

Click the following points (their numbers are shown in the picture below) to
draw new bracing:

- 137 126 to create 1% bar
- 124 125 to create 2™ bar
- 126 136 to create 3" bar
- 127 128 to create 4™ bar
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18 Autodesk Robot Structural Analysis - Project: Structure - Results (FEM): out of date - [Structure - Cases: 1to8 ] ‘EHEHE‘
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Figure 35 -Nodes numbers necessary to bracing definition.

11. Close the Bars dialog box.
12. Press the icon 2] to turn sections display on.

13. Bracings should look as shown below:
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tructural Analysis- Project: Structure -

Results (FEM): out of date -

[Structure -
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Figure 36 -View of defined bracings.

UPDATE REVIT MODEL FROM ROBOT

Updating Revit® Structure project

In this step, we learn how to update model data after analysis and changes in
Robot:

1.

Go back to Revit® Structure.

2. Choose the extensions4revit menu and select the Extensions Manager option:
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Mra:h [ i3

Home Insert Annotate Modify Analyze  Architect & Site

X Bl B |IBX

External Track Extensions Manager f§ Modify Delete
Tools ™ Changes™

External Tools Extensions

Collaborate

View

Autodesk Revit Structure - [Re¥itZRobot_building_example.rvt|

ey i |

Figure 37 - Extensionsé4revit menu

3. Extensions Manager dialog box will appear (see below):

H Extensions Ma nager

File  Wiew  Extensions Tools  Help

A" RN e A W)

9 AutaCaD Structural Detailing
7 Impart/Export
BT Miscellaneous

..

F-F] Reinforcement

=B Rohat Structural Analpsis
@ Integration with Robe
@ Load Takedown

@ Reinforcement Desian
7 Simulation

- Steel connections

Cloge

Figure 38 - Extensions Manager dialog box.

To open Integration with Robot Structural Analysis double click appropriate op-

tion (see above)

In dialog box shown below click Update model from Autodesk Robot Struc-

tural Analysis option and click OK:
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H Integration with Robot Structural Analysis

() Send model to Autodesk Robot Stuctural Analysis

(®)Update model fram Autodesk Fobot Structural Analysiz

[[] Use autodesk Robot Stuctural Analysis RTD file

Help  About [ ox

][ Cancel ]

Figure 39 -Integration with Robot Structural Analysis (update model option).

6. Next, Integration with Robot Structural Analysis - Update Options dialog box

will appear:

Scope - congider curment selection

(%) Update the whale project [ignore current selection]
Update only the structure part selected in Fobaot

Update only the structure part selected in Bevit Stucture

lect modified elements in Hewit Stucture

Transfer [optionally]

Fresults [reactions and internal forces|
[] Reinfarcement prajects [beams, columns, spread footings)

Steel connections

H Integration with Robot Structural Analysis - Update Options r>__<|

Help  About Lo

J[ Cancel ]

Figure 40 -Integration with Robot Structural Analysis - Update Options dialog box

7. Leave default settings as shown above and click OK.
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© Integration with Robot Structural Analysis - Update Options dialog box !
i allows you to configure update parameters E

Scope - consider current selection - possibility of update whole struc-

i ture or selected elements ;

= Update the whole project (ignore current selection) - all elements :
will be taken into account in update process

. = Update only the structure part selected in Robot - only selected ele-

; ments in RSA will be updated ;

= Update only the structure part selected in Revit Structure - only se- !
lected elements in Revit will be updated

= Select modified elements in Revit Structure - if some elements are

5 new or changed then they will be selected in Revit after update pro- ;

cess ;

Transfer (optionally)

E * Results (reactions and internal forces) - allows to transfer internal ;

forces for Revit load cases in elements (option available only if the 1
structure is calculated in RSA).

= Reinforcement projects (beams, columns, spread footings) - defined

; reinforcement in listed elements is transferred from concrete design

modules in RSA to Revit :

= Steel connections - option not available in current version

.........................................................................................

8. During sending process the following splash screen is displayed:

Update model from Robot Structural
Analysis

Updating Element: 1 - Structural Columns. ..
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It is often the case that the user can generate sections in Robot that are
not in the Revit® Structure database. Simple feature allows the user to
add this database information without interrupting or abandoning the
transfer of data.

9. Autodesk Robot Structural Analysis To Revit Update Log dialog box
may appear:

L2 Autodesk Robot Structural Analysis To Revit Update Log

Sections nat found in Revit | Sections succesfully undated |
Section Revit Family FRobot Bars List Replace With
L 4udul 375 | Structural Framing 474 475 AT6 A7V | new bars

To dynamically update/create Revit elements select
and load all necessary family files. Additionally you
can zelect table row to see pozzible replacements for

zection that waz not found in current Fevit project

[ Multi-zelect and load Revit Family Files... ] Help [ Apply ] L Cancel I

Figure 40 -Unknown section during updating process.

10. Click Multi-select and load Revit Family Files... button (bottom, left corner of
the box).

11. In the opened dialog box select L-Angle.rfa family file (default localization: C:\

Documents and Settings\All Users\Application Data\Autodesk\RST 2008\Impe-
rial Library\Structural\Framing\Steel) to load unavailable section family:
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Multi-select and load Revit family files

bdp Metworl,
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[ C-Channel fa EMT-Struckural Tee.rfa
My Recent [ Cellular Beam tfa B rlate.rfa
Documents | TP DLH-Series Bar Joist.rfa B round Bar.rfa
HP-Baarlng Pile.tfa @ST-Structural Tee.tfa
@ [EHs5-Hollow Structural Section.rfa [ wWRF-Welded Reduced Flange rfa
Deskt HSS—Round Structural Tubing.rfa WT—StructuraI Tee.tfa
SR [ k-5eries Bar Jnist-angle web.rfa  [EwiwF-welded Wide Flange.rfa
. 7 k-Series Bar Jaist-Rod Web.rfa [ w-wide Flangs.rfa
.—J [ELH-Series B Joist.rfa
My Documents LL—DoubIe Angle.rfa
& mc-Miscellaneaus Channel.rfa
My Computer
File name: |L-Ang|e ifa b ‘ [ Open J
g Files of type: | Family filas [".rfa] v‘ [ Cancel ]

Figure 41 -Selection of missing Revit family file.

12. Press Open to open the database and this will close the window and continue the

updating process.

13. The Update model from Robot splash screen is displayed once again. A progress

information shows each step of the transfer process.

14. Autodesk Robot Structural Analysis To Revit Update Log dialog box will ap-
pear once again showing information about successfully updated sections:
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L4 Autodesk Robot Structural Analysis To Revit Update Log

Sections nat found in Revit | Sections succesfully undated |

Section Revit Family FRobot Bars List Replace With
L dudul 375 | Structural Framing 474 475 AT6 A7V | new bars

To dynamically update/create Revit elements select
and load all necessary family files. Additionally you
can zelect table row to see pozzible replacements for

zection that waz not found in current Fevit project

E Multi-zelect and load Revit Family Files... i Help [ Apply ] [ Cancel ]

Figure 42 -Sections succesfully updated list.
15. Click Apply to close the box.

16. After finish sending data you can see an events report, to do this click Yes.

Integration with Robot Structural Analysis

Command completed successfully.

i) Update from Robot Structural Analysis is completed.
Do you wank to see the events report?

I ves i[ 1o ]

Figure 43 -Events report after updating data selection.

17. List of messages (and also warnings, if any will appear - see below):
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=k Warning list

a Messages

Analysis Integration Enabler - Update

]

@ 2008-8-22 14:56:59 - Command execution started.
@ --» Stage execution time; 2 [seconds)

Loading the Robot Structural Analysis project

@ --» Family Symbols: 31 instances registered
@ -» Families: 13 instances regiztered
@ --» Footings: 2 instances registered

b

Figure 44 -Events report.

18. Close the box.

19. Updated model of structure should look as shown below:

L& Revit Structure - Preview Beta - [Revit2Robot_building_example.rvt - 3D View: {3D}]
File Edit Yiew Modeling Drafting Site Tools Settings ‘indow extensionsdrevit Help
[ Fie Ed deli fi I d )
J DeEHBS| 4 R X [0 o J HA+EH QD H (e (1] Comy [ Rotete [if]Arey 00 Mimer [ | BB Goue o >
J et Plane B | 5 |ﬁ AED DS E H ‘Q Deolish |*',;Ahgn Sie Spiit #fF Tim 5] Ofiset ‘g@@@ | & [= ‘M
[ Press +Drag [T ]
Basics RevitzRobot_build L |
[ Modify = Wigws [all]
H Structural Calur - Stnactuael Plans
~Level1
W structursl wall ~Level 1 - Analyt
T Beam ~Level2
~Level3
o)
[ s ~Leveld
TT Component Level§
5 slab ~Level§
Level 7
0F and LevelB
77 RefPlane Level 9
e 5 L
© - iew T - Anai
L& Section L {any
A Level = Elevations [Building
: Buiding Elevali 3
4 Framing Elevati Flovaion? -2 B
T Text Elevation 3-a
~Elevalion 4 -
- Sestions [Buiding 5
- Section1
- Section 2
~Section 3
- Section 4
~Section§
Legends
[ Schedulzs/Quaniitie
O Shests (&l
(8 Famiies
B Groups
I Revit Links
Wigt
Drafting
Site ~
Modeling < i I > yer=1-0" @B 0 B H» Vg i} ]
Click ko select, TAB For alternates, CTRL adds, SHIFT unsslects, &
m—

Figure 45 -Updated model of building in Revit*Structure.
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Model changes presentation

In this step, we can check and display changes in the model:

1. Zoom to view upper storey as shown below, notice that lateral beams W 8x10 has
been deleted and new bracings added (as changed in Robot):

¥ Revit Structure - Preview Beta - [Revit2Robot_building example.rvt - 3D View: {3D}]

[Fle Edt View Modeling Drafting Ske Tacks Settings Window extensionsdresit Help NEE
DEEHEBES| % B8 X oo e J WO EGRGD H [ Move [H] Copw 3 Rotate (] Amap (i) Mivor [ | B Growp
e B Y | D AFBEOE Y |Q Demolish “",;Ahgn i Split == Tim =] Offset ‘# oD ‘ B = | &

Léngle : L&<43/3 - \ []Press « Drag [ \ £ dit Family |

Basics RevitZRobot_buildin... [X] L)

[} Modify = €8 Views [al)

I S & Stuctual Plans

Level1

W Structural wall Level 1 - Analyt
T Beam Level 2
[ Level 3
e Level 4
FE Component Level &
e - Level6
o - Level 7

&P crd e Lovel 8

[T RefPlane o Level 3

= Dimension <D Vi

- igw T - Anall

L& Section {30}

5 Loy Elevations (Buiding

Buiding Elevais
4 Framing Elsvati Elovation 2. o
T Text Elevation 3 -
Elevation & - @
= Sections (Bilding 5
Section 1
Section 2
Section 3
- Section 4
- Section5
- [ Legends
B schedules/Quantiie
~ O3 Shests[al)
- §E Families
B Grovps
ey O3 Revit Links
Drafting
Site
Hodeling
Construction < o
Structural Framing : L-Angle ; L4%4%3/8

Figure 46 -View of added bracings.

2. Go with the mouse cursor to the one of the new beams and select it to check the
section (L4x4x3/8 should be displayed).

3. Zoom to view second storey on the left side of the building as shown below:
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