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Chapter | Basic concept on calculation software.

[.1 Introduction

Calculation software, also known as computatiomdiweare or mathematical software, is a
type of computer program designed to perform mattieal and numerical calculations. It
provides tools and algorithms for solving compleathematical problems, performing data
analysis, and simulating various mathematical nsdél is utilized in various fields,
including engineering, physics, chemistry, econ@nfmance, data analysis, and scientific
research. It provides efficient and accurate methodolve complex mathematical problems,
analyze data, and model and simulate real-worldn@mena, aiding professionals and
researchers in their work.

Calculation software incorporates numerical methtmdsolve mathematical problems that
cannot be solved analytically. These methods irevappproximations and iterative algorithms
to find numerical solutions for equations, optintiaa problems, differential equations, and
other mathematical models. It often provides tofs statistical analysis and data
visualization. Users can perform tasks such as dafsorting, cleaning, filtering, and
statistical calculations like mean, median, statiddeviation, regression analysis, and
hypothesis testing. Visualization features allowtfee creation of charts, graphs, and plots to
better understand and present data.

Many calculation software packages provide programgmand scripting languages that allow
users to create custom algorithms, automate caélong and extend the software's
functionality. Users can write scripts or progratosperform repetitive tasks, implement
specific algorithms, and integrate with other saftevor systems.

| .2 Fundamental Under standing of Calculation Software

Calculation software serves as a tool that as®stneers, designers, and analysts in
performing complex mathematical computations antufations related to various fields such
as engineering, physics, finance, and more. The$isvage applications are designed to
automate calculations, reduce manual errors, amree efficiency in solving intricate

problems.

It automates repetitive and time-consuming mathealatasks, freeing professionals from
manual calculations and allowing them to focus walysis and decision-making.

It handles complex equations, formulas, and algor# that may be challenging or time-
consuming to solve manually. It performs calculagionuch faster and accurately than human
calculations.

It ensures high precision and accuracy in numedoaiputations, reducing the risk of errors
inherent in manual calculations.

Y
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Some software allows for iterative analysis, emaplengineers to refine designs, conduct
sensitivity studies, and optimize solutions by gasiodifying input parameters.

Many calculation software provides visual repreagons of data, results, and trends. Graphs,
charts, and diagrams help users understand comgdiionships and patterns within the data.

Some software offers simulation capabilities, allmyvusers to model real-world scenarios
and predict outcomes based on various inputs asdmggions. It helps in analyzing and
interpreting large datasets, identifying trendgliexs, and correlations within the data.

Complex calculations that would take hours or dagscomplete manually can be
accomplished within seconds or minutes using catmn software.

Software tools typically generate reports and damtation detailing the calculations
performed, methodologies used, and results obtailbé documentation is essential for
validation, communication, and regulatory compl@anc

| .3 Operation Mode and Calculation M ethods Used

1.3.1 Operation Mode: This refers to how a software application funeti@nd interacts with
users. In the context of calculation software, dperation mode determines how users input
data, initiate calculations, and interpret results.

[.3.2 Calculation Methods: These are the mathematical algorithms and teaksigised by
the software to perform calculations. Dependingtlom software's purpose, it may employ
numerical methods, analytical methods, finite eletmeethods, optimization algorithms, and
more.

|.3.3 Closed-Sour ce Software

a) Definition: Closed-source software, also known as proprietafgware, is developed by a
specific company or organization. Its source cal@at publicly available, and users only
have access to the compiled executable program.

b) Advantages: Closed-source software often comes with offigapport, regular updates,
and comprehensive documentation. Companies haveotaver intellectual property and
can maintain consistent user experiences.

c) Limitations. Users lack the ability to modify the software'suse code, limiting
customization and adaptability. Dependency on dfvare vendor for updates and bug fixes
can pose challenges.
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I.3.4 Open-Sour ce Software

a) Definition: Open-source software has publicly available sewwode that can be freely
accessed, modified, and redistributed by userss Taillaborative approach encourages
community contributions.

b) Advantages. Open-source software promotes collaboration, wation, and
customization. Users can modify the software to thair needs and contribute improvements
to the community.

c) Limitations: Support may be community-driven, leading to vagylevels of assistance.
Not all open-source projects receive regular ugdatdhave comprehensive documentation.

| .4 Presentation of the Software Robot Structural Analysis (RSA)

Robot Structural Analysis is a software programdub® structural analysis and design of

buildings and other structures. It is developed Awodesk and provides engineers and
structural designers with advanced tools and céipebito analyze the behavior and

performance of various structural elements. Thenso€ incorporates finite element analysis
(FEA) techniques to simulate and evaluate the stracresponse under different loading

conditions, such as static, dynamic, and seismm&ddo It enables users to perform

comprehensive structural analysis, including caltohs for forces, displacements, stresses,
and deformations. With its intuitive user interfaared extensive library of building codes and

design standards, Robot Structural Analysis hetp®ptimizing the design and ensuring

structural integrity and safety.

Robot allows users to create structural modelsgugraphical tools. Users can define various
types of structural elements, such as beams, calurbracings, slabs, and walls. The
modeling environment supports both 2D and 3D stnest

The software includes extensive libraries of materand cross-sectional profiles, enabling
accurate representation of real-world materials aochponents. Some additional details
about the software are presented below:

1.4.1 Analysis Types. Robot Structural Analysis supports a wide rangemdlysis types,
including linear and nonlinear static analysis, ayic analysis, buckling analysis, and
response spectrum analysis. These analysis cdpabdllow engineers to assess the behavior
of structures under different loading conditiond awaluate their stability and performance.

1.4.2 Structural Elements. The software offers a variety of predefined suait elements,
such as beams, columns, slabs, walls, and foumsatidsers can create and customize these
elements to accurately model the structural compisnef their projects. It also supports
advanced features like curved beams, pre-stre¢serbets, and composite structures.
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143 Material Modeling: Robot Structural Analysis allows users to definetemal
properties for different construction materialgluding concrete, steel, timber, masonry, and
more. The software incorporates material librangth predefined properties based on
international standards, simplifying the processasdigning material properties to structural
elements.

1.4.4 Loads and Load Combinations. Engineers can apply various types of loads to the
structural model, such as point loads, distribdtetls, temperature loads, and wind loads.
Robot Structural Analysis enables the creation anstomization of load combinations
according to design codes, considering differeatlloases and load factors.

1.4.5 Design Code Compliance: The software includes a comprehensive library egigh
codes and standards from around the world, alloveimgineers to ensure compliance with
local regulations and industry-specific requirerseBly selecting the appropriate design code,
Robot Structural Analysis performs automatic codec&s and provides detailed reports on
the structural elements' design status.

1.4.6 Advanced Analysis Features. Robot Structural Analysis offers advanced analysis
features, such as nonlinear material behavior,eladgformation analysis, soil-structure

interaction, and time history analysis. These c#ifiab enable engineers to tackle complex
structural problems and simulate real-world scersaaiccurately.

1.4.7 Design Optimization and Exploration: The software provides tools for design
optimization and exploration, allowing engineers iteratively refine and improve their
structural designs. Users can set design objectares constraints, and the software
automatically adjusts the structural elements' dsrens to find optimal solutions based on
predefined criteria.

1.4.8 Integration with Other Software: Robot Structural Analysis can be integrated with
other software applications, such as Autodesk Rewitl AutoCAD. This integration
facilitates seamless data exchange, enabling useirmport structural models, collaborate
with architects and other disciplines, and expodlgsis results for further documentation and
detailing.

|.5. Definition of engineering problems using RSA

To ease the user's work, the RSA software feat@snprehensive set of tools that simplify

the analysis of structures:

v" The Concept of Objects: In RSA, the creation of the structure model igied out using
typical construction objects: beams, columns, lngsi floors, walls. Thanks to this,
during this stage of the study, structural elemawtguire specific attributes of their own
(including regulatory attributes). Thus, during tmedel definition stage, all regulatory
parameters of the structure are set, enabling arettrate transition to regulatory analysis
right after static calculations. The same appleaddes. The traditional notion of nodes
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has lost its meaning as they are automaticallynédfiduring the creation of various
objects.

v' Construction Lines can be used as modeling aids.

v" A widerange of editing tools: plane symmetry, translation, rotation, horizomtiadl
vertical mirroring, division for a specific bar argroup of bars, intersection, etc.

v' Powerful Selection Tools. Effective selection tools include mouse pointelestion,
selection by attribute (section, thickness, etgipdow selection, capture selection, plane
selection, and more.

v Option to Define Custom Display Attributes: Capability to define customized display
attributes such as menus, toolbars, colors, forgss, and window arrangements.

v" Adding Dimensionsto the Structure Model

v' Automatic Verification of Model Consistency: For instance, searching for instabilities,
missing supports, isolated bars and nodes, etc.

v Utilization of Configurable Standard Structure Libraries. The Robot software comes
equipped with a set of standard structural compnéimat are commonly used in
engineering projects. These components are praatefwith standard properties and
attributes, saving engineers time by eliminating tieed to manually input these details
for each individual element.

v' Automatic Component Labeling Capability: The "Automatic Component Labeling
Capability" in the Robot Structural Analysis softearefers to the functionality that
enables the software to automatically generate |daloe identifiers for different
components within a structural model. This featsiraplifies the process of identifying
and managing individual elements in a complex #@nat model, enhancing
organization, communication, and analysis efficienc

v Capability to Create and Archive Parameters: Ability to create and save parameters
such as any material, elastic supports, and varigoss of loads. This feature allows
engineers to define custom material properties mheyite built-in material libraries.
Engineers can input specific material propertieshsas elastic modulus, density, and
Poisson's ratio, for materials that are not inatlde the default library. This is
particularly useful when working with specializedrmn-standard materials.

v Quick Input Function for creating climatic loads such as snow and waldng with
automatic weighting. The "Quick Input Function"estmlines the process of defining
climatic loads, such as snow and wind loads, wiliehessential for structural analysis
and design. Instead of manually inputting each hede, this feature offers a faster and
more convenient way to specify these loads.

v" Climatic Load Parameters: For snow and wind loads, engineers typically nieedefine
parameters such as intensity, direction, exposategory, and more. The quick input
function simplifies this process by offering a uf@endly interface that guides engineers
through the required parameters.

v' Automatic Weighting: The automatic weighting feature enhances accurhgy
calculating loads based on predefined standards@ahes. This ensures that the loads are
applied correctly to the structure, consideringtddex such as location, building height,
and other design-specific criteria.




Chapter | Basic concept on calculation software.

v' Simultaneous Views: The "Multi-Windowing Feature" allows users to Wowith
multiple views or windows of the same model or eliéint models simultaneously. This
feature enhances productivity by providing a corhprsive overview and enabling users
to perform various tasks concurrently.

v' Comparative Analysis. Engineers often need to compare different analyesults, load
combinations, or design variations. The multi-winitey feature enables side-by-side
comparison of these views, aiding in making infodmeéecisions and identifying
differences.

v' RSA allows opening multiple windows of the sameetywhich enables, for instance, in
the graphic area, the simultaneous consultatiahfferent objects, even those that are far
apart, using separate windows with their own diggkttings (zoom, projection, etc.).

v' Work Areas. At each stage of the structural analysis, thensoe window can comprise
three distinct work areas:

o Graphical Definition Area (controlled with the ma)s
Definition Dialog Box Area (interacted with througfine keyboard),
Spreadsheet Area containing all the objects defupetb that point for the
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Figurel.l Graphical interface of the RSA software.

|.6. Presentation of data and results

Data and results can be presented in both graphnchtext modes: ¢ Views of the structural
model with node and bar numbers, support symbots] Hiagrams with values, descriptions
of sections used in the structure, drawings of #$ticture respecting the shape and




Chapter | Basic concept on calculation software.

dimensions of sections, internal force diagramsucsiral deformations, stress maps,
displacements, and deformations for surface elesnent

* Tables containing model descriptions.

* Tables displaying results.

1.6.1 Graphical presentation

« The software offers graphical representations ef structural model and analysis
results. This visual presentation includes viewshefstructure, complete with labeled
node and bar numbers for easy identification.

« Support symbols are displayed to indicate the lonaand type of supports in the
structure.

« Load diagrams provide a visual representation pfieg loads and their magnitudes.
This helps engineers understand the load distabwnd effects on the structure.

« Section descriptions are displayed, allowing ugersjuickly reference the specific
sections used in the design.

« Drawings of the structure are generated, accuratepresenting the shape and
dimensions of the sections used. This aids in lidng the structure's physical
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Figurel.2 Graphical representation of the results.

|.6.2 Tabular presentation

« In addition to graphical representations, the safeaprovides tabular presentations of

both model descriptions and analysis results.
« Model description tables list all the elements atttibutes defined in the structural

model, offering a comprehensive overview of the efgsccomponents.
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+ Result tables present numerical data obtained tr@manalysis. This includes values
such as forces, displacements, reactions, and more.

| .7 Calculation notes

RSA software offers highly advanced tools for gatiag calculation notes. Thus, during the
structural analysis, the content of the graphicaéen or the active table can be captured at
any moment. All the captured screens saved undsegadefined name can be inserted into
the calculation notes. With this option, it is pbss for instance, to print the support table
along with the structural plan featuring highlightupports.

The "Print Composition” option available in RSAaalls the user to freely compose the
format and content of the calculation notes, incigd

+ Free composition of cover pages, headers, androfteluding graphic insertions).
» Defining the order of document elements to be pdnt
« Composing the appearance of each page and takle freim the print preview.
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Figurel.3 Automatic generation of calculation notes.




Chapter | Basic concept on calculation software.

.8 Aid tools

A particularly crucial aspect for a powerful softedike RSA is an assistance system that
helps users master the system. Therefore, a signtfieffort has been made to provide
effective aid tools, including:

« Contextual help for all menu commands and for efisplayed object in dialog boxes
and spreadsheets.

« Index of accessible help topics.

« Hierarchical access to information on the givenettb

« Descriptions of icons and menu commands displaydle status bar at the bottom of
the screen.

« Tooltips displaying the names of icons when the sequointer is placed over them.

« Similar tooltips accompany the mouse pointer durgngphical input of structural
elements. Their function is to inform the usertod effect that clicking the left mouse
button can produce (for example, inputting theiarag end of a bar).

+ The CD-ROM contains the complete "User Manual" #mel "Quick Start Guide,"
which step-by-step presents the process of definlagious structures (with
explanations).

& ROBOT = |
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Méthode de Delaunay

La mméthode de triangulation de Delaunay peut étre utilisée pour générer un maillage par éléments finis surune suface plane
nuelcongue. Sila surface contient des trous, vous devez les définir en tant que bords du contour, les trous ne seront pas alors pris en
compte lors de la génération du maillage par éléments finis. Aprés avoir sélectionné la méthode de Delaunay, vous devez définir le
contour 3 base duguel le maillage par éléments finis sera généré.

Un maillage par &léments finis généré suivant la méthode de Delaunay est représenté sur | figure ci-dessous.

o
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Bords du contour Triangulation de Delaunay

Pour la méthode de Delaunay, vous pouver définir les parameétres suivants
= methode de generation des noeuds supplémentaires {méthode de Kang - emetteurs).

Les émetteurs sont des noeuds définis par I'utilisateur, dans |a proximité de ces nosuds |e maillage sera rafiné. Les paramétres de
raffinement les parametres de Kang sont définis

= pararniétre HO définissant 12 longueur de la premiégre onde
= paramétres de Kang (Hmax et Q)
Les parameétres spécifiques de la méthode de Kang signifient ;
1. Hmax- longueur de la pénultiéme ande avant la limite de 'action de I'émetteur ;
2 Q- coeficient d'amplification d'onde (rapport entre la longueur de 'onde suivante et 'onde précédente) ;

Rubrigues connexes :
Exemples de aénération du maillage par éléments finis (plagues et cogues)

Figurel.4 Software help section.

-



Chapter |1

Getting started with Robot Structural Analysis software




Chapter Il Modeling steps using Robot SuitadtAnalysis

I1.1 Launching the Robot Structural Analysis software
At the software startup, the following window aprsedo select the type of structure or
element you want to study.

Select project:

1L

Figurell.l: Various Applications of Robot Structural Analysisftware.

To facilitate modeling, they have included sevenaldules to choose from, such as 2D or 3D
options like Frames.

e __ Analysis of a planar portal frame.
|
|
e [~ = | Analysis of a spatial truss.
mmp
Inmn
e _© * IAnalysis of ashell.
o | FE Design of a building.

You can bring up this window at any time by cligkian the File menu, then selecting New
Project. From there, you will choose the moduld faailitates the modeling of walls and
solid slabs.

e _© * !Analysis of ashell.

The main window will appear (Fig 11.2), which comsa the default menu and toolbars at the
top and bottom, and on the right, and the Objechagar window on the left. We will see
later how to customize the default workspace aeddblbars.
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T Autodesk Robot St
R File Edit View

[

e — [ T T T T 1 =
HTE| ol 6.0 8.0 10,0 12,0 14,0 @
Objects Numberef... |~ —

Objects of a model

- udiary objects b £ &
—2 N
b = \
—& n_ | =
b e +/
i 1 =

= o _|
e Sl
—2 . | §
o | 4B

i b

- | oml

0 10,0 80 6.0 LA p— N1 an a0 a 6,0 B0 10,0 12,0 14,0 >

I i X7 0,00 | R S R | -

P | E e o) 1 I (e PR
‘ﬁ iew
PR Rl ) 1 = Voile BA 1T %=10,73; y=0,00; 2= 6,63 0,00 [m] [kM] [Deg]

Figurell.2: The main windows of the software.

I1.2 Adjusting preferences and proj ect-specific preferences

To adjust preferences (language, display, etc.) @ogect-specific preferences (units and

formats, materials, catalogs, design standardg, elick on the menu (Fig 11.3):

- Languages
i General Parameters

Wigw Parameters .
Desktop Settings Regional settings: I Frahce v ] "
i+ Toolbar & Menu
|+| Printout Parameters :
- Autharization key ‘warking language: | English - | %
Advanced
Prirtout language: I English v J %-

[¥] Update Preferences on exit

[ Accept J[ Cancel ]

Help ‘

Figurell.3: General preferences of the software.

Through this window, you can, for example, charnge working language from French to

English.

You can change the background color by clicking/aaw (Fig 11.4).

E
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Preferences

= B X % STANDARD

Languages 5
i General Parameters et
g----View Parameters
Desktop Settings
- Toolbar & Menu M
- Printout Parameters Fahge:
- dyuthorization Key [screen .]
o dvanced
Element:
[cross pointer "] . 200
300 B
|Update Preferences on exit | Accept | ’ Cancel ] [ Help ]

Figurell.4: Changing the color of the graphical interface.

PR Job Preferences (S

[l = DEFALLTS -

2l Linits and Formats
- Materials
-- Databases
-- Design codes
[ Structure Analysis
- wark Parameters

Zero formnat: aa

Default units

b etric ] ’ Imperial

L

Open default parameters |

E& Save curent parameters az default | I ak. I [ Cancel ] [ Help

Figurell.5: Job preferences of the software.

I1.2.1 Unitsand formats

Through this window, you can modify the units forménsions, forces, angles, and
displacements, among others (Fig 11.6).

12
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| =B X % DEFALLTS

&I+ Unit

Stucture dimensions:
Section dmensions:

o M aterialz Section properties:

[+ Databazes

[+~ Degign codes

[#- Structure Analysiz
- Work Parameters

Steel connections [dimenzions]:

Diameters of RC bars:

Reinfarcement areas:

Modeling steps using Robot SuiadtAnalysis

-

= - |[oz

I - |D1

EI

<P

- - |0

cme - ID,21

‘
-
BEEEEEE R

T - |D1 Ak

Crack width:
ka Open default parameters |
Fx,\ Save cunent parameters az default | i Ok ] [ Cancel l [ Help ]

Figurell.6: Adjusting job preferences.

You can also change the number of decimal placesidiing on the arrows (Fig I1.7):

1 = H X % DEFALLTS -
=- U_nils and Formats ‘
Dimensions e dhisrsens m - ID_.21
Forces
i Other Section dimensions:; cl = |01 4
“o Unit Edition
- Materials Section properties: S i ID’21 4k
[]--Datébases Steel connections [dimensions): U] i ID’ 4k
[#)- Design codez ) . .

Figurell.7: Changing the number of decimals.

[1.2.2 Design standards
Robot contains various regulations and standamis,yau can select the standard used in
your country from the dropdown menu (Fig 11.8):

| & H X % DEFALILTS -

- itz and Formats
o M aterials
#l- Databases Code combinations: EMEE Avril 2000 - E]
- Stctue Ay Sow/wind loads: NVES Modd9+Carte 95 04/00 -
- fork, Parameters

Seizmic loads: RPA 33 (2003) v

[ More codes...

Figurell.8: Variousregulations and standardfthe software.

)
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The same applies to seismic and climatic loads I(F3y

= H X % DEFALLTS -

[#- Unitz and Formats
i Materials

" Databases Code combinations: ChBE Al 2000 hd E]
[=- Design codes
L
Stucture Analysis
L wark Parameters

SnowAwind loads: MWED Mod33+Carte 96 04,00 -

RP& 599 (2003) -

.
G

Figurell.9: Seismic and climatic loads available in the sofawvar

Seigmic loads:

If the standard you are looking for is not in thhemtown menu, you can add it from the list
of standards in the menu by clicking on "More Stadd" (Fig 11.10):

E‘_“ Configuration of Code Li |

Codes: Current codes:

[Seismic loads '] [ Set az curent ]
Code Country it ¢ Code Il

PS5 92 France AFPS 90

PS 92:2008 France EM 1998-1-1:2004

R.P.5. 2000 Marocco add EM 1938-1-1:2004-General =

RPa& Ba Algeria EMW 1998-1-1:1934 DAM francaize

FP& 99 Algeria tonaco

FPA 99 [(2003) Algeria — PS5 E9R. 82 i

b S

SHIP [1-7-81=2000 Fuszzia ‘E‘ PS5 92

SP31-114-2004 Fuszzia PS5 322008

Site classes [SMS5] France 1 R.F.5. 2000 il

Figurell.10: Adding more standards in the software.

Note: Preference adjustment is done only once wherirgidtte project. If you have multiple

project types, each with its own preferences (urstandards, etc.), with Robot, you can
define multiple preferences and save each prefergna file. If you want to use a specific
preference, you only need to open the corresporfdefpr the desired preference.

E
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-—.< vy DEFALLTS
B- Unli Save Job PreferencEJ .
] Stucture dimensions: m ~ 021 Al
-Forces =
i Other Section dimensions: el - [j0.1 A1k ’E
i Unit Edition ,
- Maternials Section praperties: £ - |21 4[] (&)
F- »
% Datgbases Steel connections (dimensions): LI x|lo. Al 4]
=1 Design codes =
""" Loads Diamneters of RC bars: fmm = |]E|’1 44| |E
[#- Structure Analysiz =
- whork, Parameters Reinfarcement araas: cmd > |l0.21 il
Crack width: LR >0 Ll [EJ
g Open default parameters ]
EJR Sawe current parameters az default J [ (] 4 ] I Cahcel ] ’ Help J

Figurell.11l: Saving the applied modifications.

1.3 Moddling of Structural using RSA Software

The representation of a real structure, whetherntade of concrete or steel, through a
numerical model using Robot 2010 software requires:

» Defining the construction lines of the structuralhthree directions.

« Defining the sections of the elements that makéhestructure (beam elements or panels).
Graphically representing and drawing the structisiag the defined elements.

* Defining the supports within the structure.

« Defining load cases and combinations, and apgligads to the structure.

In the following, you will find the steps to follovor modeling a structure using Robot 2010.
We have taken an example of a simple reinforcedcred@ portal frame structure for
illustration. The structure is shown in the figFeg 11.12):

Figurell.12: 3D view of the structure.

E
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I1.3.1 Construction lines

Construction lines or the grid of the structureresent the axes of the elements of the
structure to be modeled in the three directionsYX,Z, as well as the endpoints of the
elements and the edges of the structure's faces.

On these lines and their intersections, you camselently draw the bars, beams, and other
components, connecting them easily. For this pwpesu need the dimensions of the
structure (length, width, height), along with d&gdi information about the spacing and
dimensions of the structural elements, essentatlgtailed structural plan.

Our example is a reinforced concrete structureisting of 5 identical parallel portal frames
connected by beams, with the following dimensions:

+ Structure height = 6.40 m
+ Structure length = 14.80 m
+ Structure width = 9.60 m

At the start of the Robot 2010 software, we setbet module. .-_‘ _i' iJ Analysis of a

gpatial portal frame. The main window appears, and we begin drawing dgimstcuction lines
02

using the commanc ~ ° | the first icon on the toolbar located on the rigjie of the window

(Fig 11.13).

= | & x
= Geometry h
- & @
[+ | ERONT |4 0%
'-‘ Axis Definition i
N

Figurell.13: Icon of the construction lines.

By clicking on this icon, the following dialog bapens (Fig 11.14):

|
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M ame: Shucture axis - Marme: Structure axiz -
:__M [ Cylindrical ] [ Arbitrary ] [ Lartesian “ Cylindrical ] [ Arbitrary ]
[ Advanced parameters [ Advanced parameters ]

* o fz | 2 2 [z |

Pozitian: Mo, of repet.: Distance: Paszition:; Mo, of repet.: Diztance:

00 I = mi w0 m<__DF (EED m

Label Pasition Label Pasition

1 0.0

4 | m | » 4| (10 | r

Mumbering: 123, - MHurnbering: 123.. -
[ MHew ] [ Axis manager ] [ Mew ] [ Az manager ]
[ Apply ] [ Cloze ] [ Help ] [ Apply ] [ Cloze ] [ Help ]

Figurell.14: Drawing of the construction lines.

We use Cartesian coordinates X, Y, Z. In the "Rasltfield, enter the value of the distance
from the reference axis Om that you want to drawnfr

In the 'Repeat X" and 'Spacing"” fields, leave 0 and 1m if you don't have a caesisspacing
between elements. For instance, in our case, irZtlgrection, there's a spacing of 3.2m
between two levels. So, in the "Repeat x" field, puand in the_"Spaciridield, put 3.2.

We perform this operation for all three axes (Xavid Z).
For our example, we need to input the followingeseof values:

For X axis: 0, 3.8, 7.4, 11.0, 14.8 m
For Y axis: 0,4.6,9.6 m
For Z axis: 0, 3.2, 6.4 m

Click onApply to save:

a
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e s
Marne: Structure axis - Name: Structure axis -
[ Cartesian “ Culindrical ][ Arbitrary ] [ Cartesian ” Cylindrical ][ Arbitrary ]
[ Advanced parameters ] [ Advanced parameters ]
[x IOz | x v Az 2
Positiorn: Mo, of repat.: Distance: Pastian: Mo, of repet.: jstance:
m _DE (m) m <2 D )
Label Position Label Position
1 n.ao +0.00 0.oo
2 450 Az am
3 950 o0
14.60
< n | » 4 1 | Stories
Hurnbering: 123 - Murnbiefitg: Hay
[ e ] [ Ligis manager ] ’ Mew ] ’ Axiz manager ]
[ Apply J [ Cloge ] [ Help ] [ Apply ] [ Cloze ] [ Help ]
Figurell.15: Saving the construction lines
Note:

You can add construction lines at any time by imsgrvalues in the desired direction, and
you can also remove existing lines by selectingiimaber and clicking oBelete.

You can also make lindsold.

In the same project, you can define multiple sétsoastruction lines using tHéew option in
the construction lines dialog box.

You can also manage these lines (delete, activatdgactivate specific lines) using thanes
Manager option.

When you activate the 3D view, you will get theldaling result (Fig 11.16):

C2p) (o) ()

) (7 ) il

Close

7| [standard foiobal) > Help

Figurell.16: 3D view of the construction lines.

E
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I1.3.2 Section definitions

To define the sections of beam elements, we useafmenand I Beam Profiles."

With this option, you can define the sections fibbaam elements in the structure: columns,
beams, whether they are made of concrete, steel,vetc (Fig 11.17):

Figurell.17: Definition of the sections.

By clicking on the icon, the following dialog boyens, and by using the "Delete all unused
sections" option, you can remove the default sestjrovided by the software (Fig 11.18):

T secvons N === I secton: [N en=ii e
Dw X DE@EaCHHE = | (D= > 2E@EE % @

deleting-all "’ MNew section definition l—

2 DELETE [l PR30x40
= [ B 20450

[ C 45x45 .
[ CH30x35 You will

T IPE 100 et:
3 POT30:40 9

Lines/Barz Lines/B ars

Apply [ Cloze J | Help | Apply [ Cloze ] I Help ]

Figurell.18: Removing the default sections provided by theveaie.

Click on New to define the desired sections, and the followdigjog box will open (Fig
[1.19):
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Standard | Parametric I Tapered I Compound I Special I A,y |z |
¥ = ‘Wariable
R IIC 11| o)
Label Section zelection
CAE 20x3 - — . i
Froduits siderurgiques francais
Color Auto - Farnily: CAE -

Iﬁ

[l Elazto-plastic analysis

Gamma angle: 0 « [Deg] ection hpe;

RC beam
AT columi
Timber
Alurninun
Joist

bdd | [ Close | | Hep |

Figurell.19: Selection type of the section.

Select theProfile Type according to the case, whether it's steel, coadbeam, concrete
column, etc.

In our example, since it's a reinforced concretiecsire, selectConcrete Column.” We are
going to define a section (30x40) for the colummsgction (30x40) for the main beams, and
a section (30x35) for the secondary beams. To dodlick on the "I-Section" (encircled icon
in the image).

In the general menu, select the column's sectipe, tior example,Rectangular,” and in the
"Dimensions’ section, input the desired dimensions, for exampl= 30 and h = 40. Assign a
name to the section, for instanc€EOL (30x40)," and for the gamma angle, set gamma = 90°.

Click on "Add" to save your selection in the profile list.

We do the same thing for the other sections, aridl vee (Fig 11.20):
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General Parameters |

3

IC Sections =1 l )

) P | o | ) () A N X DEEE & d
Label L % DELETE
Color: Auto - m = [ CH3035
= £ CLM_30:40
— [ PR30:40

] Reduction of mom. of inertia

Lines/Bars

amma angle: w [Weg] Section ype: ‘

[ Add l [ Cloze ] [ Help l BETONZ20 Apply l Cloze ] [ Help

Figurell.20: Creating the column and beam sections

You can give the new section any name you wantclimse the profile's color; otherwise,
the software will use default settings.

11.3.3 Structure Definition

Now that we have defined the construction lines tredsections of the structural elements,
we can begin drawing our structure using the preshiocreated construction lines.

We enable theXYZ 3D view, which provides a three-dimensional perspectiveths
structure. To prevent modeling errors, we disabi@ snapping. To do this, click on the snap

mode icon located

at the bottom left corner oftiedow.

The Snap Mode dialog box opens, uncheck the "Grid" box to disabtid snapping (Fig

11.21):
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{ 37 Snap Settings -[Em

[¥] Modes

[V Structural axes == -l

[V] Objects
[¥] Endpaint
[¥] Midpaint

[¥] Advanced
[¥] Perpendicular
[] Parallel

(2D/3D] EEIJ ) (2

Close. | |

Sl——j—

[¥] Interzsections
— : :
[¥] Intersections with structural axes

| Interzection with the grid

[¥] Apply withaut confirmation

'w-ﬂ!-*‘“ T
=
ébﬁ%@m@ bops | [ Dese ] [_Hob ]

Figurell.21: Snap setting dialog box.

™ Bars

Click on the commanc

The following dialog box appears (Fig
[1.22). In the Type" field, select
"Column,” and in the Section” field,
select "COL(30x40)." Now, click on
the 'Origin" field, and begin drawing
the 3 columns of this side using the
construction lines. Next, move on to
drawing the beams using the same
principle: select "Beam" as the type and
"BEAM(30x40)" as the section.

So we have defined the first portal of
our structure (Fig 11.23).

T

Mumber: 1 Step: 1

M ame: RC calumnn_1 [
Froperties

Bar type: “m [
Section: ‘x L
Diefault material: BETOMZ0

Mode coardinates (m)

3¢ Besmin TEEGOIBOBNI

End:
[ Drag
Auiz position
sdd || Clese | [ Heb |

Figurell.22: Creation of the bar elements.

Figurell.23: Construction of the first portal of the structure.

@
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Note:

You can always customize your working environmegntlisplaying toolbars. For example, if
you want to show the "Edit" toolbar that includée t'Split Beams" option, you can go to

"Tools' > "Customize" > "Show Toolbars."

The following dialog box will open:

R Taolb S x )
i Toolbars | ! -

=

Showhide tonlbars:

et .
|| TEect Edit | By checking the "Edit" checkbox, you will have thedit"
[]0bjects [ ; :

IDDptions af FE Mesh Generatin toolbar dISplayed (Flg ”24)
| W] S election

|D5pecial Loads

TS macial Calarhome

»

I m

1

| Edit -

. N B
E_
FHASBMD - FJhlX> - =F o8 F 6

Figurell.24: Selection and displaying the edit toolbar.

l Cloze | l Help

Select all of the portal frame except for the nodethe base of the columns. To do
this, click and drag from the right to the left,sdwn in the figure (Fig 11.25).

Figurell.25: Selection of the portal.

+ 0
After the selection, click oi2+* "Translation." The following dialog boxes will open
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In the "Number of repetitions" field,
enter the number of portal frames you
want to create. In the "Translation
vector"” field, input the distance between
the portal frames (dx, dy, dz) =3.8,0, 0
m, and then click on "Apply" (Fig 11.26).

To hide the construction lines, right-
click and then click on "Attributes." In

the opened dialog box, click on |

"Structure" and uncheck the
construction lines option (Fig 11.27).

To get a clearer view of the drawn
structure, click on "Profiles Sketch."

i Tronton |-t e

Translation wector [m)

Mumbering increment

Modes:

Elements;

Edit mode

[ Drag

) Move

Mumber af repetitions: ©

[ Execute ” Cloze | | Help I

Figurell.26: Setting of the translation dialog box.

Template: Standard

Favorites
Model

Modes

Bars

Panels /FE
Marlk with colors
Loads

View (Open-GL version)

View (version without Ope
Stw:tma

| Support shapes

L]

uuuu

=) ] =
- I ol Di tribut Iy f
lsuppwmm smases o[ EO ol
[ oK l[ Cancel H Apply

Figurell.27: Hiding the construction lines of the model.

You will have the following 3D view:
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[ View —
Z = —
SIS RIEE e «
e 70 Bl g5 Voile BA BEx

Figurell.28: 3D view of the model.

I1.3.4 Support conditions

{| Modal ||Jnear I Planar |

X Delete

e AW £ pri sirnple
%y, Encastrement
7 Rotule

You can choose the support type
directly through this dialog box, or you
can define a new support using the =
"Define  New Support” option. By
clicking on it, the following dialog box
will open (Fig 11.28):

Current zelection

.i".|:||:|l_l,_I _' \ Cloze H Help

Figurell.28: Supports dialog box.

s
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& Support Definition .Elglg

Through the "Support Definition" e
dialog box, you can define the {Higid nilastic I Friction I Honlinear I Elta] et
directions to be restricted by checking

i i Label: Support_1
the displacement and rotation boxes
along the axes, as illustrated in the _ ,
. . Fixed LIplift
figure. These could be linear directions:
displacements (UX, UY, UZ) or (] U
angular rotations (RX, RY, RZ). o

Mare
For instance, for a fixed support, all TR
displacements and rotations in all Ry
dll’eCtIOI’]S. are I?Iocked. For a hinge Rz
support, linear dlsplacements' (UX, UY, fingle
UZ) are blocked, and rotations (RX, Suppart directions are
tible: with th

RY, RZ) are free. cove comanaa saom |||
For our example, we will choose to
apply the Fixed support type for the [ Advanced .. J
entire structure (Fig 11.29). | add || Clse || Hep |

Figurell.29: Supports setting of the construction.

For that purpose, select "Fixed" in the Supportdodi box. Then, click in the "Current
selection” field, and proceed to select all theasodt the base of the columns. Finally, click
on "Apply" (Fig 11.30):

'-#S"Ppo'ﬁ-_i%@l&lﬂ:
DX REEE & =

Madal | Linear i F'Ianari

X Delete

Current selection

Apply [ Close I | Help |

Figurell.30: Assignment of the supports.
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By enabling the "Realistic Display" of the stru&wand showing the sketches of profiles, you

will get the following 3D view (Fig 11.31):

ts (FEM): available - [View - Cases: 1 (PPi]

Egaﬁﬁyg%lﬁ%p

§ Autodesk Robot Structura
% File Edit View Geometry

D2HavREXE

{55 Geomatry -

3 - - e i 2 2 "
i -2 - @R a2 2 & |
Object Inspactar 2]

Y%l 4@
Objects | Number of
= Obiects of a mods|
© @ A Nodes /45
L™ Bas 0/74
* Audlary objects

= ]\ Geometry f Geouss 7

Name Value Unit| =~

Figurell.31: 3D view of the model with supports.

I1.3.5 Loading

Loading a structure involves defining load casesetaon the nature of the loads (permanent,
live, seismic, etc.), then applying the loads (bash members, surface loads, etc.) to the

structure for the created load cases. Finally, d¢oatlons of load cases are defined.

a- Load cases

i
To define load cases, click on the "Load Cas mmand.

Through this dialogue box, the Nature ofi# Lead TFPES‘EIEIQ

the load case to be defined is selected, @S e description
illustrated in the figure. C New )
. DL

In the "Name" field, a name can be
assigned to the load case, or the defad e
name suggested by the software can List of deﬁ,aﬁggzn;iideme”e
used. Mo Feismic M ature i
Subsequently, clicking "New" adds the
load case to the list of defined cases (Fig

1| 1 r
11.32).

Delete Delete al

[ Cloze ] ’ Help ]

Figurell.32: Load dialog box.

8
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For our example, in addition to the self-weightlod structure, we will define a dead load and
a live load, both distributed over the rafters tt@tinect the frames at the top.

im Load Types L= : . .
We will name the self-weight of the entire
Case description structure as "pp" and then click on "New."
Nature: | | [ hew | The software automatically assigns the first
Number 3 Label  PERM3 defined permanent load case as the default
Mame: self-weight of the structure.

For the other load, we will name it "G" for

Lizt of defined caszes:

dead load and "Q" for live load. The load
Mo, Caze name MNature = . . . . .
T — case's name, its position in the list, and its
3 g — type can be modified, or it can be deleted
8 ¢ dexplot... . using this dialog box (Fig 11.33).
‘ . : Upon clicking "Close," we proceed to apply
| Moty | [ Defme, | [ Doeeal | the "G" and "Q" loads to our structure. We
(e —— select the current load case using the top
toolbar.

Figurell.33: Creation of the different load types.

b- Loads
For our example, we have three loads:

+ Self-weight of the structure, PP, automaticallycaddted by the Robot 2010 software.
+ A permanent load, G =5 kN/m, distributed overriean beams.

+ A permanent load, G = 2 kN/m, distributed overgbeondary beams.

« Alive load, Q = 2.5 kN/m, distributed over the maieams.

« Alive load, Q = 1.0 kN/m, distributed over the sedary beams.

By selecting the PP case from the list illustratethe previous figure, we will have (Fig
[1.34):

Figurell.34: Assigning the self-weight of the structure.
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To define the permanent load G, we select the @ fras the list of load cases and click on
the "Define Loads" comman

In the dialogue box that opens, we choose "Beamd"dick on the symbol for "Uniform
Load," as shown in (Fig 11.35):

[ Load Definition i 0 Uniform Load e lnsnlten
CazeNo: 2:0G
S elerEy— .

[ Sell-weight and mass | M
Haode | m | Surface |
YWalues

(@@1 '9%'%%- %: po[kMNdm] =7 [Dea]

b 0.00 0.0
é' Uniform load X - 0.0 on
- - ! I c = ! I - ul_'! - - 4 i - ’
G) = o
Coord. system: @ Global () Local
Apply to
[] Projected load
0 Loads on eccentricity
| Appl || Cose || Hep | | add || Cose || Hep

Figurell.35: Definition of the applied loads on beams.

We enter the value of the load in the Z directidnkN/m) in the field labeled Z, and then
click on "Add." Now, using the "Select Beams" tool,

| Selection AE@Q we select all the bars with the PR30x40
[ ai | [ None | [ inversion | profiles as shown in the figure and then click
on “Close.”
1to3 261028 31to33 36ta38 41to43 58taB0 B3toE5 [T h d d | b h
Returning to the Load dialogue box, in the
_F'revious
F _ 1 T field labeled "Apply to All," all PR30x40 bars
nb. 1oL eometr .
i : ]yany are selected, so we click on "Apply" to apply
CHaoae the load to the beams (Fig 11.36).
E undefined i
We repeat the same process for the live load
Select
@) from list () example Q
[ Cloze ] [ Help ]

Figurell.36: Applying loads on beams.
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& Autodesk Robot Structural Analysis P
R File  Edit View Geometry Loads Analysis Resuls Tools Window Help

D@E%Ml@%ﬂ%@@ =HE @@\@\%%N*@&éﬁ@mﬁ'-mmw -
./\ T s bl E‘w‘; @26 'g F—?_-. 'mff"

Figurell.37: Visualizing applied loads in the 3D view of the dish
I1.3.6 Load case combinations
For our example, we will define the combination5Ll&@ + 1.5 Q.

+
To define load case combinations, we use the "Mabambinations" comman

located in the "Loads" mermt "Manual Combinations.” The following dialogue bopens:

5 Combination Definition/Modifica... IR We select the Combination Type and provide
, . : S — a name for the combination we are about to
Combinatian number: B define.
Coambination name: EﬁMEH

For instance, we can name it "1.35 G + 1.5 Q,"
Combination type: LLS - and then click on "OK."

Seizmic combination type _ _
©COC (VSRSS )M O 104 In .the dialogue .bo>_< that_appears, we will
define our combination using the previously
defined load cases (Fig 11.38).

M ature: | dead - |

[T] Quadratic combination

| ok || Cese || Help |

Figurell.38: Combinations dialog box.
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:‘FL —

Comnbination: |4: 135G +1.50 ; ULS v]
Caze lisk: Lizt of caszes in combination:
Mature: | Al i Factar MNa. Caze name
Mo Cage name 1.35 1 PP
- Q | 1.35 2 G
——— -ﬂ
)
(<]
B
4 T |
Factar: auto
[ Factor definition ] O T e
[ e ] ’ Change ] [ Delete ] | Apply ] [ Cloze | [ Help

Figurell.39: Creation of the ULS combination.

If the coefficients you wish to apply are
different from the automatic coefficients of the
defined combination, you can set them by
clicking on "Define Coefficients."

3 T = In the "Coefficient" field, you input the desired
he : = | value and click "Modify" (Fig 11.40).
lve: 1.50 L
ind 1.60 . : :
?:;W 150 After completing this step, you click "Apply" to
temneratoe 135 > save the combination.
4 | ] [ 3

You can also define another combination by
clickina on "New.'

Figurell.40: Definition and modifying the combination factors.

W File Edit View Geometry Loads Analysis Results Tools Window Help

D2HE&BREGXE AN IIE @ Q8 A 2 B S E o -]
2 1 <@ @& 4:135G+150 '&a.) @Fi\w‘

e

S

it
I}
i

g
h
tH

e

Figurell.41: Visualizing combination loads in the 3D view oétmodel.
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I1.3.6 Analysisof a structure

Now that we have completed the modeling of our egdanwe proceed to the calculation and
analysis of this structure under the defined logslin

Before running the calculation, it's important terify the structure for modeling errors and
disconnected bars. To do this, click on "Analy#s™Check Structure”, (Fig 11.42).

MHumber af errors:0 Display
Murnber of warnings:0 Errars
[V] "W armings
[V] Nates
[ Werify ] [ Cloze ]

Highlighting a line with an eror meszage or warning selects objects connected with it,
L " )

Figurell.42: Structure verification dialog box.

In the dialogue box, error messages indicate tkeifip errors and the corresponding objects
causing those errors.

To initiate the calculation, click on the "Calc@&tommanc “& (Analysid Calculate).

[1.3.7 Analysisresults

To display the analysis results of the structure,

¢ Geometry lj including internal force diagrams, deformations,
Ew Model stresses, and reactions, select "Results" from the
Results .
5] Results - diagrams startup menu in the top toolbar.
@ Results - maps
% gﬁ;ﬂ":ﬁ;”;?:‘fbm You can also directly view result diagrams by gding
{3 Stress Analysis - structure "Results"» "Bar Diagrams", (Fig 11.43).
H structure Design
RC Beams
ﬁHCCDIm Tools Window Help
&P Foundations {8 Results Freeze
& Conti Footings Properties L
[E] Deep Beams =
; % :::;I.: e Diagrams for Bars...
4 Connections ==! Maps on Bars...
-~ Tools

Figurell.43: Diagram for bars toolbar.

E
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EDiaqrams A:.-;- i The following dialog box opens:
o H H 4 Y . . .
\NTM_A Deformation | Stresses | Reastions To view the internal force diagram, you check
the checkbox for the specific internal force, for
Diagram scale for 1 (em] example, the Moment My, and then click
B F=Force (kM) "Apply."
B [FuForce (kM)
B FzForce (kM) If the diagram's appearance is not satisfactory,
5] M Moment (k] ygu canl cl?ck on "Normalize" to adjust the
diagram's size.
. [] My Moment [kM*m]
B (7 Moment [k*m) You can also change the diagram's size by
Elastic ground reactions clicking on "+" and "-" buttons and then
B [Tk Reaction (kM /m) clicking "Apply", (Fig 11.44).
B [ kzReaction (kM/m]
[ e [ Hene | [Homaie ) Furthermore,d yolu C{;n m(l)dlfy trf1e hdla;gram
settings to display the values of the forces
Diagram size: (-] directly on the diagram.
[7] Open a new window [] Constant scale
[ Apply ] [ Cloze ] [ Help ]

Figurell.44: Diagrams for bars dialog box.

You can view the internal force and displacemeagdims of each individual element of the
structure separately by right-clicking on the spealement and then clicking on "Object
Properties”, (Fig 11.45).

F'_“‘ File Edit View Geometry Loads Analysis Results Tools Window Help

(2HEYREGXEBLAN EFH @Q@%%h"g%étﬁﬁiﬁ&ﬁmw

| AT oY - B LY emease AT 22 i
4= = Diagrams l= g |
2 .
e HTM | Deformation | Stresses | Feactiong * | "
Diagram scale for 1 [cm)
B IR Force (kM)
. 7] Fy Force (kM)
W [CFzForee kM)
B [ Mx Moment [kN*m)
B ()M Morvert 2000 (ki)
. 7] Mz Moment (kN*m)
Elastic: ground reactions
. [ Ky Reaction (kN
. [ Kz Reaction [kM/m)
[ Al H None | [ Normalize W
Diagram size: |j

Figurell.45: Moment diagram of individual portal.
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‘= Diagrams AElElg Tc_J display the_ deformation qf the structure,
— click on the "Displacements" icon located on
Def ti S = i Feinfc 4 | * . . .
(| Deformation hstresses | Reactions | Reinfc the bottom right corner of the window (Fig

11.46).
R o>
[ Exact defarmation for bars Cases: 4 {135‘G+1 E*Q:I ﬁ_l:l:li
[] Deformation in structure scale -
Diagram =cale for 1 F |: E‘ @ﬁ
(=) - s —
—l Displacements (deformation) i
Animation — N,
Murnber of frames: 10
Murber of framss fseoomnd: g - I\ou (I:Da!n also dlsdpla}y the cgeformzzuor: utsmg
e "Diagrams" dialogue box and start an
L st DD animation by clicking on "Start" as shown in
(Fig 1.47).
[ all ] [ MHaone ] [ Marmalize ]
Diagram size: =] Using th_e an.lmat_lon control _bqr, you can
[ Open & new window £ Constant scale record this animation as a (.avi) file.
[ Apply ] [ Cloze ] [ Help ]

Figurell.46: Deformation dialog box.

RO file Edit View Geometry Loads Analysis Resuts Tooks Window Help B - -
(BHAYRBXBENN HE 8 QAR SYMEMHES S E e v
[z - - B L ewmease a2 @, O

Figurell.47: 3D view of the structure deformation.
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Chapter Ill  Study and monitoring of a real projesing RSA 2010

[11.1 Introduction

This application allows for the processing of thesign of a simple reinforced concrete
structure using the Robot software, in order tacfica the software's usage for new users.

[11.2 Presentation of the Structure

It is a residential building with 4 floors (groufidor + 4), located in the city of Guelma (zone
lla, according to RPA 99 version 2003), with a naixstructural system (shear walls +
reinforced concrete frames) providing lateral resise.

Number of floors: Ground floor + 4

Floor height: 3.20 m for all levels.

[11.2.1 Dimensions of the structure

Building length = 21.4 m.

Building width = 10.75 m.

Total height = 16.0 m.

[11.2.2 Dimensions of structural elements

Columns: 30x40 for all levels.

Beams: Main beams: 30x40 - Secondary beams: 30x35
Floor: Hollow core floor: 16+4

Solid slab: Solid slab with a thickness of 14 cm.
Staircase: Thickness of the landing = 16 cm

[11.2.3 Load assessment

Typical floor: G = 5.0 kN/m?; Q = 1.5 kN/m2 (bedros); Q = 3.5 kN/m2 (balconies);

Roof floor (inaccessible): G = 6.3 kN/m2; Q = 1/kn2 (inaccessible terrace).
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Figurelll.1l: Plan view of the studied structure.
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111.3 Modeling
[11.3.1 Project setup

At the start of the software, click on the "Shelu®/" module,(Fig 111.2), (the use of this
module facilitates the modeling of walls and saliabs):

Select project:

M a2 0
=@« a &
L_f;’i A== e

ZHPH &=

Figurelll.2: Selection of shell study module.

[11.3.2 Preference settings

Before starting the modeling, you need to adjustgreferences (language, display, etc.) and
project preferences (Units, Materials, Standards,).eTo do this, click on the dropdown
menu Tools/Preferences (or Tools/Project Prefen@eg 111.3).

F‘“‘ File Edit View Geometry Loads Analysis Results | Toels | Window Help

D1 Dimensien Lines...
D @ . % E% . - X . . fﬂ'Snap Settings...
_/\ —_— v (2 Units and Formats...

Point Coordinates...
Cost Estimation...

Section Definition
Section Database...
1 Label Manager...
ﬁ Building Soils - Calculator
EZ Editor...
B Calculator...

Extensions 4

Password Protection...

ﬁ Job Preferences...

Calculation Mote Preferences...
Customize 4
Add-ins 4

Figurelll.3: Selection of job preferences.
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Note: This procedure is done only once when you ingtallsoftware.

I11.3.3 Construction lines

The first step in modeling is drawing constructlores. These lines represent the axes of the

structure (X, Y, and Z). In the Robot window, gahe first icon on the toolbar located on the
right side of the window(Fig I11.4).

:”.-_E'x

N N N DY
16,0 18,0 ﬁ}@-
AVANT |

ﬂ_ 2

Figurelll.4: Icon of the construction lines.

The following dialog box opens:

5 s e

Mame: Lignes de construction -
[ Cartesian “ Cylindrical ] [ Arbitrary ]
[ Advanced parameters ]
ol |z |
Fozition: Mo, of repet. Distance:
0,00 [rn] a = 1 [rn]
Label Positian
Delete all
4| I | »
Mumbering: 123 .. -
[ e ] [ Az manager ]
[ Apply J [ Cloze ] [ Help ]

Figurelll.5: Dialog box of the construction lines.

E
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In the field (repeat), we must always enter theugal since we do not have repeating
interaxial values (except for the Z axis where ae epeat 4 times 3.20).

In the field (spacing), enter the value of the Ipiémd each time click on (insert). We perform
this operation for the three axes (X, Y, and Z).

The result should be as kg 111.6):

:
E

o s s SRR e i i et 5 v v S e

Marne: Lignes de construction A Mame: Lignes de construction - Mame: Lignes de construction -
[ Catesin ][ Cylndical |[ Abivay | | [ Caesin [ Cylindiical [ Amivay | [ Cattesian ][ Cylndrical | [ Aditary |
[ Advanced parameters | [ Advanced parameters ] [ Advanced parameters ]
o
Qx Il _Jz | QO ] x v (2D |
Positior: Mo, of repet.: Digtance: Positior: Mo of repet . Distance: Position: Mo, of repet.: Dlistane;
[ w0 = 1 [} [ m) 0 = 1 [m) 0.00 m] 0O : 1 m]
Label Position Label Position Label Position
1 0.00 A -1.45 -1.50 -1.50
2 420 e om0 00
4 1220 D 725 +6.30 £.30
5 1680 Delete all 3 885 Delete all +9.45 9.45 Delete all
4 i |+ 4 1 |+ < m | » Stonies
Mumbering: 123.. - Mumbering: 123 - Mumbering: 123 .. -
[ Mew ] [ Aigis manager ] [ Mew ] ’ Axis manager ] ’ Mew ] ’ Axis Manager ]
[ Apply ] ’ Cloze ] ’ Help ] [ Applp ] [ Close ] [ Help ] [ Apply J [ Clage ] [ Help ]

Figurelll.6: Drawing of the construction lines.

Click on (apply) and activate the 3D view, we hillve the following resultf(g 111.7):

Vue

20730 a0 ) [ 5E Fermer

al[7) |sandard [global)  w

Figurelll.7: 3D view of the construction lines.

E
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Note:

- Multiple construction lines can be defined in #ane project using the "new" option in the
construction lines dialogue box. The managementhete lines (deleting, activating, or
deactivating desired lines) can also be done usimg "line manager" option in the

construction lines dialogue boxig 111.8).

o st v S el
M arne: Lignes de construction -
[ Cartesian ” Cylindrical ] [ Arbitrary ]
[ Advanced parameters ]
AT R I
Fogition: Mo. of repet.: Digtance:
0,00 [m) 0 = 1 [
Label Position
Delete all
1| n +
MNumbering: 123 -
E Eew g) [ < Axiz manager > ]
[ Apply ] [ Cloge ] [ Help ]

Figurelll.8: Management of the construction lines.
[11.3.4 Definition of sectionsfor bar elements (columns and beams)

Click on the dropdown menu Structure -- charadtieris bar profiles.

E File Edit View | Geometry | Loads Analysis Results Tools Window Help

D@ 6 @i LYEIFET

o'?. Axis Definition...

o
N Stories L4 E Lﬁi 1:PP
A Nodes...

" Bars...

== Panels...
Objects L4
Structure 4

| Columns...

= Beams..

w Walls...

& Floors...

&) Openings...

£7 Claddings...
Slab Wizard...

M Materials...
I
Codg Parameters ¥| % Gamma Angle...
& supports.. 9 Local Bar Direction...
[l Cables...
%L Releases...
Additional Attributes L3 thi(knass...
Phases ¥ | B¥ Local Panel Direction...

I Mumbering... [

Figurelll.9: Definition of the sections.
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In the dialog box (profiles), click on (delete afiused sections) and then click on (new).
e —

T s I -+
fd Standard | Parametric I T apered | Compound I Special I Ay, |z |
W ariable
&I -
X DELETE )
. Section zelection
Label:
CAE 20x3 — - -
Produits siderurgiques francais
Color Auta - Family: CAE —
E Section; CAE 2043 hd
= Elazto-plastic analysiz
Lines/Bars
. Gamma angle: 0 w [Deg] Section type:
S [ agd | [ oese | [ Hep W
column
Tirnkby
Bppky [ Cloze _] I Help J el

Al
Joizt
Figurelll.10: Removing the default sections provided by theveafe.

In the dialog box (new section), click on the fi¢atofile type) and select (beam BA)

Enter the name, color, and dimensions of the bé&aan, click "Add", Fig I11.11):

IC Mew Section

e = e S
General Parameters |

Label CEEAMa0 D —0

Calar Auta

- ]h
D ' : !l Bazic dmenzionz [in]

[7] Reduction of mom. of inertia b

"D
[] Use tapered section

Garmma angle: 0 - [Deg]

( fod 3 [ coe | |

Sechion type:

Help ] COMCR

Figurelll.11l: Creating the beam sections.

Repeat the same operation to define the otherosectf the beams and columns (PS 30x35)
and (columns 30x40)F{g 111.12).

s
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D x 202 & & =

[ L30x35

3 CLMZ30:40

Linez/Bars

Apply [ Cloze ] [ Help

Figurelll.12: Achievement of the section creation.
[11.3.5 Structure definition

Activate the "View Manager" dialog box and go te &Y plane at a level of 3.20:

EEE =
i‘u"lew

G B

Figurelll.13: Activation of the view manager.

To avoid modeling errors, disable the grid snaglimking on the snap mode icon (locate
the bottom left of the window)F{g I11.14):

View @

Jay|
ATE (=203 (Z0s30] a0 rwl[vz][xz]
1N ERE OO —
v —
e EBEEEELEEDL «
View

Sl el

Figurelll.14: Snap mode icon.

d at
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In the snap mode dialog box, disable the grid smapclick "Apply" and "Close" Hig 111.15):

Modes

Structural axes :
lﬁ. /

Objects
Endpaoint
bdidpaint

Advanced
Perpendicular
[] Parallel
Intersections
Intersechions with structural arnes

|nterzections with the grid

Apply without confirmation

| Defaut | | Al

J |
Apply [ Cloze ] [ Help ]

Mone ]

Figurelll.15: Snap setting dialog box.

Now, click on the dropdown menu "Structure - Bafi@ie following dialog box opens:

e i

Mumber, 332 Step: 1
Marne: RC beam_332 [
Properties

Bar type: qEC beam j - [:]
Section: PEManD Ty v (]

Default material: BETOMZ0

Mode coordinates [m)
Beqginning: M,ED

End:
[] Drag
Az position
sdd || Obse | [ Hep |

Figurelll.16: Creation of the bar elements.

In the field (type), select beam BA, in the fietk¢€tion), select (PP 30x40). Click on the field
(origin) and start drawing the main beams. Usirgggame principle, we can draw all the main
and secondary beams on floor level 3.20.
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Now we will model the columns using the commandnr($tation) with the option (stretched).
First, we need to select the nodes on floor 3.20t&the drop-down menu Edit -- Special

Selection -- Graphic Selection FilteFid 111.17):

E File [Edﬂ: View Geometry Loads Analysis Results Tools Window Help
< ¥ Undo CTRL+Z =, ﬁ tﬂ - .“"" |E!
D E GE d CTRL+Y @ E n é
edo +
1? g — - @ [ L2 1:pp
4 cu CTRL+X ? el bt
Copy CTRL+C @
(2 Paste CTRL+V i
X Delete SUPPR :
Select... :
Select All CTRL+A |
Previous Selection |
A Parallelogram
= e = —_— ]
@' Edit N (3? ETIE
(D - Edit Objects | ¢ Polygon  E—
Complex Edit... =7 Color...
< Copy Properties 17 Structure Ases...
@ Substructure Modification 4 ﬁ? Stories...
= | =—=
|+ Divide... 17 Modes Only...
Y Intersect _7 Bars Only...
2 Trim...
. i iy Graphical Selection Filter...
_ -~ Btend.. e
== Correct...
a T

Figurelll.17: Graphical selection toolbar.

In the dialog box (Graphic Selection Filter), unckeall the boxes except for the box (node),

(Fig 111.18).

(Bl Grphical Selection Fiter sconl =t

[ ] Pariels
[ Firiite: elernents
[ Loads
[T Teuts
[T] Objects
[V] Contaurs
{ 4] Palyhne

|| Campley abjects

| Complex objects -

|| Bres
Circles

parks

(] Apply (o confirmation]

All Maone

sopty | |

Cloze Help

J |
J |

I

Figurelll.18: Graphical selection filter dialog box.
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Click on apply and close.

In the dialog box (Profiles), select (column 30x40) close. Now select the entire structure,
and you will notice that only the nodes are setkdihe selection of other elements is

disabled).

Go to the drop-down menu Edit transformation -nstation, Fig 111.19) :

EF“E Edit | View Geometry Loads Analysis

Results Tools Window Help

L 2 Undo CTRL+Z
IIJ;EGRE::IQ CTRL+Y ‘ﬁ?ﬁ -! nQ@
N E % Cut CTRL+X - lall@ s
Copy CTRL+C @ Q
Paste CTRL+V ; ;
7 Delete SUPPR | |
Select... : :
Select All CTRL+A i |
Previous Selection I I
Select Special ’ ' !
®- : ' ;
@_ Edit Objects ¥ | (& Rotate..,
Complex Edit... [T Vertical Mirror...
¥ Copy Properties & Horizontal Mirror...
@ B Substructure Modification ¥ | 4[> Planar Symmetry...
|} Divide... »"-‘: Axial Symmetry..,
"'Intersect o Scale..
2 Trim... Transformation of Coordinate System...
B |- Bdend.. O — 7

Figurelll.19: Selection and displaying the edit toolbar.

Activate the 3D view and enter the value (0; 0.03.id the dialog box (translation). Enable

the option (stretched)Fig 111.20):

l Tranglation vectar [m)
e dr; dZ =
MHumbering increment
Modes:
Elements:
Edit mode
7 Maowve
Mumber of repetitions; 1
E Ewecute J [ Cloze J [ Help J

Figurelll.20: The translation dialog box.
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Click on (apply), and you will get the followingselt, [Fig I11.21):

Figurelll.21: 3D view of the constructed elements.

Go to the dialog box (Graphic Selection Filter) ahble all selections. Press (Ctrl+A) to
select the entire structure. Go to the dialog btranglation) and make the following

adjustments,Fig 111.22):
fims Transtation Y lecni = o S

i Tranzlation vectar [m

de; dr: d2 = @

Murnbering increment
Modes:
Elements:

Edit mode
.ﬁ-ﬁ- I:l:l i3
- w [ | Drag
1 Move

Murmber of repetitions:; @

[ Execute ] | Cloze I | Help |

Figurelll.22: Adjustments of the translation dialog box.

And you will get the following result:
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Figurelll.23: 3D view of the obtained structure.

111.4 Loading

Click on the drop-down menu (Loading -- Load casey you will have the dialog box (Load
case). In this dialog box, we will define two typalsload cases (Permanent load G and Live
load Q), Fig 111.23):

ot e i

Caze description

oL

Mame  snow
temperature
List of defi 2cCidental
_heige accidentelle
Hao. FEIEMIC Mature £

1 | 1] | ¢
kodify Delete Drelete all

l Cloze ] [ Help ]

Figurelll.24: Load dialog box.

The self-weight will be considered with the permariead G. For seismic loads, they will be

generated automatically by the software. Other doadch as wind and snow will be
neglected.
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[11.4.1 Definition of Cladding

Click on the drop-down menu Structure -- Cladding:

E File Edit View | Geometry | Loads Analysis Results Tools Windo

D @ % R Structure Type... b ﬁ
|2

a® Axis Definition...

o~ . Stories k E ‘
A Nodes...

. Bars...

==, Panels...
Objects 4
Structure 4

l Columns...
= Beams ...
By walls...

&F Floors...

By Openings...

P Claddings...

Slab Wizard...

@ Materials...
Properties 4

£ It It It b
SISIRIR

Code Parameters 4

Figurelll.25: Selection of the claddings toolbar .

In the dialog box (Cladding), define the number dirdction of the cladding, and finally
click on apply, Fig 111.26):

Object Moo 392

Load distril:nuti-:nn:

i D efinition method ]

P (@) Canbaur

Fn |
| Rectangle

Fa . - () Circle

[ Geometmny ]

[ FParameters ]

[ Apply ] [ Cloze ] [ Help ]

Figurelll.26: Cladding dialog box.
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[11.4.2 Assignment of L oads

In the XY plane at level 3.20, go to the drop-domwanu Loading -- Other loads -- Surface
load on bar by 3D objectFig 111.27):

Loads | Analysis Results Tools Window Help

B s s EIFEL Y YT Y

| 8 Load Definition... 9
| ot Manual Combinations... *L:ﬁ: 1:FF v %i _—

: it Automatic Combinations...

Load Table
Combination Table
Masz Table

1t Select Cases...
=2 Select Case Component...
7 Select Modes...
Select Result Type »

Special Loads v % 4|Bars Loads from 30 Objects...

= Prestress Forces...

7 Wind and Snow 20/3D...
ﬁ Wind on Cylinders...

Wind on Towers...
Figurelll.27: Selection of the loading type.

In the dialog box (Load by object), click on (def)nand draw the contour representing the
floor, (Fig 111.28):

] Object Load = | = |
(-\' { Case
N T- 2.6
Loads

q.&~ p (kPa)

0,00

Coord. system: (@) (b

Surface - Face

Cladding types Directions

[ Apply ] [ Close ] [ Help ]

Figurelll.28: Creation of the floor contour.

Note:

To avoid errors in the direction of the claddirtyg first vector of the contour (line 1-2) must
be parallel to the global X-axis.

E
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In the (load case) zone, choose G and enter the \(eb.0 kPa) in the Z field of the dialog
box (load by object), then click on (applyfid 111.29).

@XERAN 8% BY kM8 & E &
W - BEO A eny

Coord. spstem: (@) Global ) Lacal

Surface - Face
T PR
§ Cladding types ]l Dirgctions |

1 Apply D[ Close Help |

Figurelll.29: Assignment of the loading.

Repeat the same operation with load case Q, egttrénvalue (-1.5 kPa).

We need to repeat the same operation for all déwvels except for level 16.00 (inaccessible

terrace), where we need to replace the value (v&t0)(-6.30) for the load G and the value (-
1.5) with (-1.0) for the live load Q.

Thus, we obtain:

For the permanent load G:
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Figurelll.30: Visualizing applied loads in the 3D view of the et
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I11.4.3 Load on solid slabs

For solid slabs and stairs, we need to use théen@&fad) dialog box. Click on the dropdown
menu Load -- Define loadFig 111.31):

R“‘ File Edit View Geometry Analysis Results Tools Window Help

D 2 H & dp @ e e =
{8 | oad Definition... 3

- —m:_{l"u’lanual Combinations... ‘Ln;u

! Automatic Combinations..,

Q) !

o D

/\

Load Table
Combination Table
Mass Table

b Select Cases...
37 Select Case Component...
—7F Select Modes...

Select Result Type

Special Loads

Figurelll.31: Visualization of the loads menu.

In the (load) dialog box, click on (surface) anerthclick on (uniform surface load)Fig

111.32):
@ Load DEﬁnitiotm

Cazse Mo 2: G
Selected:

Self-weight and mass
Mode I Bar | Surface

4B &Sy

Apply to

[ Apply ” Close ] [ Help ]

Figurelll.32: Load definition dialog box.

In the (uniform surface load) dialog box, enter Yadue (-3.5 kPa) which represents the live
load on the balconies. Click on (addjig(111.33):

&
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zD} TR m— Lnacl Lﬂl&lﬁ

Values
e
N
P SanEl
L —
Coord. spstern: (@) Global ) Local

[] Projected load

|_| Geometrzal itz

(o)) [oee ] [reb ]

Figurelll.33: Application of uniform planar load.

Now, in the (load case) area, select load casen@imathe (apply to) field of the (load) dialog
box, enter the names of all panels representingdlenies and click on applygi¢ 111.34):

Self-weight and mazs
Mode | Ba | Surface

2| & | X

Apply to

‘A:Eﬂg'l a7 2d6ko344a SEStQEﬁ_ﬁ:}
| 5 Apply B | Cloze ] | Help |

Figurelll.34: Application of Q load on the balconies.

We need to do the same to define the loads omladl slabs and stairs.
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[11.5Mesh generation

Select all panels, then go to the dropdown menwalyss -- Calculation Model -- Mesh
Options), Fig 111.35):

Analysis | Results Tools Window Help

R T L& {3 ok 24 1 !

B Calculations
Prepare Results... ML

Save Seismic Combination Results...
Calculation Restart...

LCalculation Report 4
Verification...
Calculation Model 2 7] Generation
Bar Structure Design * | BB Panel Calculation Model...
Meshing Options...
Design of RC Structure Elements 4 _es —
Default Options
Analysis of Pre-stressed Elements... I~ Base Mesh Points...
- Emitters...

B Mesh Freeze

& Mesh Unfreeze

i t.£] Local Mesh Generation
3 Local Mesh Deleting

Om Mesh Refinement...
B Mesh Consolidation...
Bg Mesh Quality...

Figurelll.35: Meshing options toolbar.

In the (mesh options) dialog box, make the folloyvaettings, Kig 111.36):
B advanced Miesting Opticr I =

Avvailable meshing methods Finite elements

Tupe [surface]:
4-node quadiilaterals -
() Delaunay often e Type [volumetric):
4-node tetrahedrons A
Forcing ratio: Farzitg ratio:

recommended -

Mesh generation

() Automatic ) User Delaunay method parameters
Fegular mesh
@ Delaunay Kang
m] Delaunay and K.ang
Mezh of volumetric elements HOo= 030 [rn)
H max = |1000,00 0= 12

Fine Coarse

Additional meshing of zalid surface Automalic emifters:

Ab panel characternistic points
At support nodes

Coong method parameters
Panel division bwpe:

() Triangles in tiangular cantaur User emitters
P L [T] Smocthing
() Triangles and squares in iangular contaur K a
- I Triangularization near edges
= gzoids in tiangular contour Murnber of levels: @1 b 3
@ Squares in rectangular conto ) )
P, : Fire ' i Coarse
() Triangles in rectangular contour
Farcing ratio: any - [ oK ] [ Cancel ] [ Help ]

Figurelll.36: Setting of the mashing options dialog box.
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Click on OK, then go to the dropdown menu (Analysi€alculation Model -- Generatelig

111.37):

IAnaI:,'sis] Results Tools Window Help

L Analysis Types...
E= Calculations

Prepare Results...

) R TE Y A 24 el

> <=
ol - I

Save Seismic Combination Results...

Calculation Restart...

Calculation Report 4

Verfication...

Calculation Model L4 ﬂ

Bar Structure Design | B8 Panel Calculation Model..,

L% Meshing Options...
Default Options

|Z+ Base Mesh Points...

Design of RC Structure Elements k

Analysis of Pre-stressed Elements...

1
”~
G

{ -+~ Emitters...

B Mesh Freeze

o Mesh Unfreeze

t4] Local Mesh Generation
A Local Mesh Deleting

_.f'!

.p’/

Lt .
B Og Mesh Refinement...

B Mesh Consolidation...
B Mesh Quality...

Figurelll.37: Mesh generation toolbar.

Mesh generation takes some time, and you will tlhgdollowing result at the endsig

111.38):

Figurell1.38: 3D view of the obtained structure.
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[11.6 Definition of supports

To avoid errors related to support definition, ymed to disable the selection of all objects
and leave only the selection of nodes enablgd,1(.39):

(L4 Modes 3

| Structural axes

[T Grid /
Objects u

Endpoint
b idpiirik

Advanced
Perpendicular
[T] Parallel
|nterzections

Intersections with structural axes

|nterzections with the grid
Apply without confirmation
| Defait | [ a0 || Mone |
| {

Apply [ Cloze Help ]

Figurelll.39: Snap setting dialog box.
Click on the dropdown menu (Structure -- Suppofiy 111.40):

“'” File Edit ‘u"imf Loads Analysis Results Tools Window HeEp

D ﬁ =] .ms'cructure_ype,.. bﬁ IE

F
{ -;1_>+ Ayis Definition...

f\ ! Stories 3 E m ;ﬂ'&p 3:Q

A Nodes..,

"~ Bars...

=, Panels...
Ohjects *
Structure L4

| Columns..

= Beams ...

By Walls...

& Floors..,

By Openings...

L7 Claddings...
Slab Wizard...

@ Materials...
Properties r

Code Parameters L4

Figurelll.40: Supports icon in the geometry menu.
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In the (Supports) dialog box, make the followingfisgs, Eig I11.41):

iz Soeeors N cne i
.E'_. — —p—

DX RREE &

Modal i-iI'IEEIf I_ﬁ[EH !

=~ Pinned

Current zelection
1330152 -

[ Apply J [ Cloze I I Help ]

Figurelll.4l: Setting of the supports dialog box.
Make sure that for the support type (fixed suppa@it)translations and rotations are locked.

In the (Current selection) area, select all nodésval 0.00 and click on (Apply). You will
notice that the fixed support symbol is displayedl nodes at level 0.005if 111.42).

[3 £l i [
& =
[ i 2 3 B [
@ B = = o [
ma (]
L Ld

Figurelll.42: Plan view of the support.
[11.7 Modal and seismic analysis

To declare a modal analysis, click on the dropdomanu Analysis, then Analysis Types to
display the calculation options dialog box:
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Analysis | Results

B Calculations

Prepare Results..,

Tools Window Help

T Ta

- L3

=

Save Seismic Combination Resulis...
Calculation Restart...

D

I
Calculation Report » |
Venfication... |
Calculation Model L4 '

I
Bar Structure Design L I

I
Design of BC Structure Elements »

Analysis of Pre-stressed Elements...

T T
Figurelll.43: Contents of the analysis menu.

In the (calculation options) dialog box, click oW, Fig I11.44):

© sy v R === =

Analysis Types | Structure Maodel | Load to Mass Conversion | Corbination Sign | Fesulth 4"
Mo, RE Analyziz Type
1 PP Static - Linear
2 [E] Static - Linear
= 3 B Static - Linear
Mew [ Farameters ] [ Change analysiz ype ] [ Delete ]
Operationz on zelection of cazes
Casze list E
[ Set parameters ] [ Change analysiz twpe ] [ Delete ]
todel generation [ Caleulations ] [ Claze ] [ Help

]

Figurelll.44: Definition of a new load case.

Select (modal analysis type) and click OK. In th®@al Analysis Parameters) dialog box,
make the following settingskig 11.45):

)
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Caze: tadal Analyziz mode
Parameters - @ Modal
Number of modes: (71 Seismic ;
Talerance: 0,0001 1 Seizmic [Pseudo mode) 0.01
Mumber of iterations: 40 tethiod
et 'Ell,éUlE.EE | (71 Block subzpace iteration Parameters definitior
; () Subspace iteration
Mazz matris

() Consistent @ Lanczos algorithy

2 % : ] 1 l=ee o [
@ Limped whatahons . Baze reduction Baze definition
Lumped without ratations Lirnits
: T @ |nactive
R il Shesion () Period, frequency, pulsatior Limi disfinition
(] [l @2 = ; S .
1 Percent of masz participation 1 L]
Seizmic analysiz paramete
| Dizreqard densit Damping:
[] Sturm check [7] Include damping in calculations [aceaording to PS92)
| Simplified parameters << ]
| DefinitioMentricities |

[ 0k :]l Cancel H Help |

Figurelll.45: Setting of the modal analysis.

E Definition of Mass. Ewmtridﬁes ﬁ

@ Felative value
E coentricity
(7] Drirection [#]

[] Direction

Method of defining the eccentricity
@ Offzet of the mass matr

" Add nodal masses

| ok || Canesl |

Figurelll.46: Definition of mass eccentricities.

Click OK, and you will notice the display of a névad case called "modal”.

Click again on (New), choose (seismic), and s€lREXA 99 (2003) (Algeria)),Hig 111.47):

Before exiting the (Modal Analysis Parameters)atyabox, click on (eccentricity) and enter
the following values,Kig 111.46):

E
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[ Analysis Type (L=
N R EEEE8N—.

Analysis Tyl "RE New Case Dﬂﬁﬂ
F.H M
Ma. i M ame; Seizmic RPA 95 [2003) |
1
2 Analyziz hipe
3 -
r_— 0 Modal
() Spectal
ETETT I
(7 Harmonic: Fs5 52
PS5 922008
(70 Tirne history Monaco
E AFPS 80
() Push over PSEIR. 82
=, : . (EMY 1938-1-1:1934 DAN francaise
() Modal with automatic 5 p g onnn
= . RP4 88 :
() Harmomic in the frequ poa_oe lete
: (2003
O peration 1 Footfall St -I.
Caze list EM 1935-1-1:2004 1
EMN 1938-1-1:2004-General
[ k. _| [ Cancel -”— Help ]
[¥] Madel ge-'e'r'éi Calc ; Close: Help

Figurelll.47: Definition of the seismic load.

In the (RPA99 parameters) dialog box, select thieviang options, Fig 111.48):

e

Casze: Seizmic RPA 33 [2003)

[T twasiliary case

Zone Uzage

_|| |_||||:, |'|||| ":'1.{". I-::I-IB |'_-:|3

Site

F51 & s2 .54

[ | Residual mode

Behavior factor: [ Directigwmtinn |

Quality coefficient: I Filters |

F a. [ Cancel H Help l

Figurelll.48: Setting of the seismic parameters.

Before exiting the (RPA99 parameters) dialog bdixkmn (Direction Definition) and make
the following settings,Kig 111.49):

S
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Ri-_}l

Diirection
Mormalized |
H 070711
Cancel
i 0 e )
2 0

[T} Use nomalized values

Fiezolution of a farce into directions
[¥] Bctive
Cornbination creation

Quadratic combination

Mewmark combination

[V] &ctive

po[o3 A (o3
R 1
Ry 1 [ Group 1
= i [ Growp 2
e,
Cornbinatior: " T |2

Figurelll.49: Setting of the seismic directions.

Click OK, and you will notice the display of 2 ssi load cases, one along the X-axis and

the other along the Y-axigrig 111.50):

e

Analysis Types | Stucture b odel I Load to Mass Conversion I Combination Sign I Resultf * | -

Mo. M amne:
1 FP
2 G
o}
tdodal

Seizmic APA 99 [2003] Direction_x
Seizmic APA 99 [2003] Direction_Y

Analyziz Type

Static - Linear

Static - Linear

Static - Linear

Madal

Seizmic-FPA 33 [2003)
Seizmic-FPA 33 [2003)

’ MHew l ’ FParameters l [ Change analysis type l ’ Delete l

Operations on zelection of cazes

Casze list :]

[ Set parameters ] [ Change analysis type ] [ Delete l
Model gereration [ Calculations ] l Close ] [ Help

J

Figurelll.50: Creation of the seismic loads.

I11.8 Combination of load cases

For our example, we will define the combinatiorubiimate limit state 1.35 G + 1.5 Q and the
combination at serviceability limit state G + Q.

E
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To define the load case combinations, click onditsgdown menu Loads, then Manual
Combinations, Kig 111.51):

Analysis  Results Teools  Window  Help
mmt Load Types... @ Q @ =@
2 Q=

HH | cad Definition... "~
i Manual Combinations... :

T Automatic Combinations...

Load Table
Combination Table
Mass Table

1o Select Cases...
=2 Select Case Component..,
7 Select Modes...

Select Result Type |

Special Loads »

Combination number: 7 |
Combination name: .
Combinatiarn type: LS - I

Seizmic combination type

@CAC @ SASS @ 25M @10

M ature: ldead - |

[ ] Quadratic: combination

ok || Glose || Hep |

Figurelll.52: The combination dialog box.

Choose the combination type and give the desiretena the combination you are going to
define, for example, the name 1.35 G + 1.5 Q, dick OK.

In the opened dialog box, define the combinatiangithe previously defined load casdsg(
111.53):
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& comtination: N = -

il
Combination: | 713564150 LS -
Caze lizt: Lizt of cages in combination;
M ature: [A" "J Factar Ma. Casze name
Na Case name —~— 1.35 1 FP
3 3 g 1.35 2 G
b Seizmic RBP4 99 [2003] Direct... |>__>J —y
g Seizmic BPA 99 [2003) Direch.. :
B
1] ] | ¥
Factor: auto
[ Fac_to”ition ] il — =
I P e H Change H Dielate ] | Apply “ Cloze H Help |

Figurelll.53: Creation of the ULS combination.

If the coefficients you want to apply are differéndbm the automatic coefficients of the
defined combination, you can define them by cligkam Define Coefficients.

(Wi Combination Factors SRR
ﬁ:-=h- — .

Factar:

poids propre
dead

live

wiid

Figurelll.54: Definition and modifying the combination factors.
Enter the desired coefficient value in the Coedintifield and click Modify, Eig 111.53).

At the end of this operation, click Apply to savee tcombination. You can define another
combination by clicking New and repeating the sate@s, changing the coefficients for each

combination.
60 -
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[11.9 Analysisand analysisresults
[11.9.1 Calculation and analysis

Now that we have finished modeling our structure,proceed to the calculation and analysis
of this structure under the defined loading.

Before running the calculation, we need to cheadk s$kructure for modeling errors and
disconnected bars. To do this, click on the Analysenu» Verify Structure, Fig I11.55).

Results Tools Window Help
Ee Analysis Types.., D\ @\ gjﬂ 5||
R 2 =i
E=| Calculations 3 -
Prepare Results... i %

Save Seismic Combination Reszults..

Calculation Bestart..,

Calculation Report k

Calculation Model

Bar Structure Design
Design of RC Structure Elements

Analysis of Pre-stressed Elements...

Figurelll.55: Verification of the structure.

In the dialog box, the error message indicatesethar and the object related to this error as
shown in the figuréll.56:

L —————

('ﬁumber of errors:0 Dizplay
MHurmber of warnings:0 Ermars
[¥]wamings
[¥] Hates
[ Werify ] [ Cloge ]

Highlighting a line with an error meszage or warhing selects obiects connected with it.

Figurelll.56: Structure verification dialog box.

To start the calculation, click on the Analysis mgthen Calculate (Analysi® Calculate),
(Fig 111.57).
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Analysis | Results Teools Window Help

EEL Analysis Types... 1 @ %'% ¥
I ?

T
ﬁrepare Fesules... v M

Save Seismic Combination Results...

Calculation Restart...

Calculation Report L
Verification...

Calculation Maodel 4
Bar Structure Design »
Design of RC Structure Elements L

Analysis of Pre-stressed Elements...

Figurelll.57: Initiating of the calculation.
[11.9.2 Analysisresults

To display the desired results (diagrams, reactioligplacements, stresses, deformations,
etc.), click on the "Results" menu. If you wantdisplay them in tabular form, simply right-
click and choose "Tables'Fig 111.58).

E‘_‘“_ Tabics Doty and Rerls

[C] 4l Rigid Links -
‘ [[] 22 Dffsets

|| /ﬁ Geametical Imperfections
[ [l Stories

O Guantity Survey

m

] ™ Added Maszes

[ g1 Combinations

1 A Reactions

[ r Bar Deflections

[1 J7] Modal Displacements

] 1 Forees -

Table opening mode
@) Full table [selection highlighted)
("1 Table filtered o current selection

[_ Ok _]I Cancel ] I Help ]

Figurell1.58: Displaying tabular results.
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a. Results Verification

Right-click and then click on "Tables", check tli&denmode” box, and the results related to
modal analysis will be displayed.

Frequei _ Rel.mas.UX Rel.mas.UY Rel.mas.UZ Cur.mas.UX | Cur.mas.UY | Cur.mas.UZ Total mass Total mass Total mass
Caselllode ey | Period (sec) (%) (%) ) ) (%) UX (kg) UY (kg) UZ (kg)
6 1 1,28 0,78 66,00 0,01 0,00 66,00 0,01 0,00 98042917 98042917 98042917
(] 2 1,46 0,68 65,01 83,79 0,00 0,01 83,78 0,00 980429,17 980429,17 980429,17
6 3 1,55 0,64 85,13 83,39 0,00 19,12 0,10 0,00 98042917 98042917 98042917
6 4 3,73 0,27 93,01 83,89 0,00 7,88 0,00 0,00 98042917 98042917 98042917
6 5 427 0,23 93,01 93,02 0,04 0,00 9,13 0,04 98042917 98042917 98042917
6 6 462 0,22 93,42 93,03 0,04 0,41 0,00 0,00 98042917 98042917 98042917
6 7 6,23 0,16 95 66 93,03 0,04 224 0,00 0,00 98042917 98042917 98042917
6 8 7,40 0,14 95,67 95,41 0,09 0,01 2,38 0,05 98042917 98042917 98042917
6 9 8,02 0,12 95,71 95,41 0,09 0,04 0,00 0,00 980429,17 980429,17 980429,17
6 10 877 0,11 96,14 95,41 0,09 0,43 0,00 0,00 98042917 98042917 98042917
Tableau 111.1; Results of the modal analysis.
b. Reaction Verification
Perform the same previous operation by checkin@tRen".
FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)
MAX 6,48 32,67 1296,91 9,27 532 0,56
Node 136 145 145 138 136 145
Case 4(C) 4(C) 4(C) 4(C) 4(C) 4(C)
MIN -10,98 -12,89 13,90 -17,04 6,45 0,77
Node 145 138 142 145 145 147
Case 4(C) 4(C) 3 4(C) 4(C) 4(C)
Tableau 111.2: Reactions results.
c. Node Displacement Verification
Perform the same previous operation by checkingl&NBisplacements”.
UX (em) UY {cm) UZ (em) RX (Rad) RY (Rad) RZ (Rad)
MAX 0,0 0,1 0,0 0,001 0,002 0,000
Node 244 338 325 454 302 418
Case 4 (C} 4 (C) 3 4 (C) 4(C) 4(C)
MIN -0,0 -0,1 05 -0,001 -0,002 -0,000
Node 1270 108 361 330 277 252
Case 4(C) 4(C) 4(C) 4(C) 4(C) 4(C)

Tableau 111.3: Results in term of displacements.

d. Deflection Verification

Perform the same previous operation by checking Oedlection".
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UX {cm) U¥ (cm) UZ {cm)
MAX 0,0 0,1 0,0
Hode 244 338 325
Case 4 (C) 4 (C) 3
MIN -0,0 -0,1 05
Node 1270 108 361
Case 4(C) 4(C) 41(C)

Tableau I11.4; Results in term of deflections.

e Verification of Bar Forces

If you want to display internal forces in the colusnselect them and choose the combination
for which you want to obtain the results.

FX (kN) FY (kN) FZ (kN) MX (kNm) MY (kNm) MZ (kNm)

MAX 1296,91 12,84 150,50 177 53,85 20,34
Bar 307 221 359 371 213 196
Node 145 [ 22 18 114 103
Case 41C) 4(C) 4(C) 4(C) 4 (C) 4 (C)
MIN -38,57 14,19 130,19 12,00 99,34 20,36
Bar 357 13 358 371 359 221
Node 186 17 22 23 23 118
Case 41C) 4(C) 4(C) 4(C) 4 (C) 4 (C)

f. Displaying Bar Force Diagrams

Tableau I11.5: Results in term of forces.

In the "Results" menu, select "Diagram" and cligk the "Parameter" box to adjust the
display of the diagrams. Then make your choicethéndifferent tabs (NTM, Deformation,

Stress, Reactions, ...Fig 111.59) and(Fig 111.60).

B WEEE

‘=i Disgrams

| NTM [ Detomation | Stesses | Reactions |
Diagram scale for 1 [cm)
B [ FeFoee [kN]
. [ Fp Force (kM)
. ["1Fz Foize (kN]
[7] M Moment [kN"m]
. [ My Moment (kM=)
. [ Mz Moment (kN*m)
Elastic ground reactions
. [ Ky Rieaction (kN /m)
B ¥z Reaction [kN/m]
I All I l None J [ Homalize: J
Diiagram size: E] D
[T Open a new window [ | Constant scale
Apply ] I Close | [ Help |

o= i}iag rams

v

[E=T a0 e

[HTH

_ |
Deformation | Sisses | Reastions + [

. [¥] Deformation

.; :I‘!:l Exact deformation for bars

[] Deformation in structure scale

Diagram scale for 1

[em)

Animation
Mumnber of frames: 10
Murnber of frames/second g
‘ Start
| All | { Naone J [ Noimalize ]

Diagiam size: E‘ E|

[7] Open a new window

[ Constant scale

| Apply | | Cloze ] l Help ‘

Figurelll.59: Diagrams for bars dialog box.
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Appliquer

|

H

Figurelll.60: 3D view of the structure deformation.
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