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In this class we will cover the workflow for design of steel and RC structures starting with building the best
possible model for a task followed by assigning correct design parameters and finding the optimal steel
section sizes or reinforcement arrangement.

Learning Objectives
At the end of this class, you will be able to:

e Create a model of a structure that matches needs of the Steel and RC design modules of Autodesk
Robot Structural Analysis Professional

o Define loads and load combinations to be correctly recognized in the design modules

o Apply principles of steel and concrete design modules and understand the influence of defined
parameters on the design process

e Run concrete design of elements of a model

About the Speaker

Artur is a Structural Engineer. He graduated from Cracow's University of Technology. He has been
working as a Support Specialist since 1996 at Robobat and since 2008 at Autodesk supporting Robot’s
users worldwide.



Autodesk® Robot™ Structural Analysis: Steel and RC Design

Introduction

Regardless of what kind of a structure you are about to design it is extremely important that you
create its model in the manner that allows you to assign the correct design parameters to each of its
elements. This document will not be a step by step guideline to follow but it will show you the ways
for having models which are coherent with the design modules of RSA as well as indicate the rules
that govern both steel and RC design in the program.

The topics discussed in this presentation are based both on my own experience as well as threads
from Robot forum which I would like to encourage you to use as a platform to discuss them further
or the place where you can both find help for your challenging issues and help others solve theirs.
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1. Building a model

a) For Steel design

e Define bar elements in such a way it is easy to assign design parameters. Consider their role in a
structure and design criteria

e (Create multi span beams as single elements among supports (columns) rather than single
elements and cantilevers as separate bars so that it is easy to define SLS (deflection) limits
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View Nodes

e Enter columns as single elements instead of being defined through the entire height of a
structure which allows for both defining their displacement limits as well assigning them to the
stories (seismic analysis)
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e Use “superbars” in case there is a need to split columns and beams between supports e.g. to
define a connection or to change its section size (e.g. increase thickness of flanges of I section)
on a part of its length
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Mind that the local X axes of components of a “superbar” should point in the same direction.

o

Mind that the orientation of a “superbar” doesn’t follow the direction of the local coordinate
systems of its components. It is governed by the number of its origin and end node instead (lower
node number is assumed as the start whereas the higher one as the end). To replace the origin with
the end it is necessary to renumber the nodes which can be done using the numbering option.
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e Use offsets (bar shortening) to generate additional bending moments on columns which
originate from pinned connections of beams to their flanges
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The relative definition of the offset for a member length automatically adjusts its value to a change
in the size of a column.
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e Trusses from library structures - to avoid instabilities it is recommended to create continuous
chords and use releases or truss bar definitions on posts and diagonals only. It should be
remembered to delete side posts which for typical situations overlap with already defined
columns

o To define partial releases which represent real stiffness of connections you can use elastic
release definition
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A similar approach (partial releases) may be used to obtain additional bending in pinned
connections among elements of a model for having safety margin.
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Additional references to the discussions on these topics on the Robot Forum:

http://forums.autodesk.com/t5

robot-structural-analysis/member-consisting-of-multiple-bars-

for-design/td-p/3467536

http://forums.autodesk.com /t5/robot-structural-analysis/steel-design-divided-bar-2-identical-

structures-one-pass-and-one/td-p/3535282

http://forums.autodesk.com /t5/robot-structural-analysis/dimensionnement-des-barres-acier/td-

p/3750349

http://forums.autodesk.com/t5 /robot-structural-analysis/lateral-buckling-parameters /td-
p/3536254

http://forums.autodesk.com /t5 /robot-structural-analysis /minimum-eccentricity-for-steel-simple-

columns/td-p/3657566

http://forums.autodesk.com/t5 /robot-structural-analysis /beam-offsets /td-p /4344866

http://forums.autodesk.com/t5 /robot-structural-analysis/truss-design/td-p/3596600

http://forums.autodesk.com/t5 /robot-structural-analysis /steel-design /td-p /3573540
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b) For RC design

Define bar elements with section types supported in design modules (neither use an RC Beam
section for or an RC Column definition and vice versa nor use steel ones for either of them)

— é I New Section l = i:—hj

I New Section

General Parameters |

General Parameters |

o ] [ EREGEEERE]
Color fue M Djh Label: C 4545 cm

Color: Auto A b 450
op o h 450
Basic dimensions (cm) b,
[ Reduction of mom. of inertia b 00 h
[ Reduction of mom. of inertia

h 00

Dgse tapered section

] C12/15

[ add | [ cose |[ rHep | @5 [ aad ][ cose || e

Define bar elements and surfaces in such a way it is easy to assign design parameters. Consider

their role in a structure and design criteria.

You can create multi span beams as single elements among supports (columns) or as a single
bar between the outside ones when you want to design them in the RC Beam Design module as
it automatically detects spans but define spans of beams as separate bars if you intend to
calculate required area of reinforcement inside the RC Member Required reinforcement module

to be able to correctly define deflection limits

i & Member Type Definition - EN 1992-1-1:2004 AC:;DOS iﬂ
Member RC Beam -
Span length Supportwidth
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@) bl= (m) sz, My/Fz ¥ Wi
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Enter columns as single elements instead of being defined through the entire height of a
structure which allows for both defining their buckling parameters as well assigning them to
the stories (seismic analysis). In addition you may find the access to their results easier
especially in the Forces table.

& Member Type Definition - EN 1992-1-1:2004 AC:2008 @‘ﬂ
Column
Member RC Column -
Buckling with respectto Y axis Buckling with respectto Z axis
Member length hy Member length Iz
atsupportfaces atsupportfaces
@) in axes (@) in axes
real m real m
-._:_.-coeﬁ. *| g -._:_.-coeﬁ. *Lo
Buckling length coefficient Buckling length coefficient
Ky 1.00 1.10 Kz [1.00 X
|
Maximum node displacement
100 100 Additional parameters
| Mote Save ] l Close ] l Help l
|

Do not divide columns and beams between supports or stories (levels of beams) into smaller
parts as such chains of elements are not supported correctly in the RC design module (with the
exception of RC Beam Design one)

To define RC Columns of different sizes at top of each other you can use offsets or
(recommended) rigid links. If there is a slab “between” them you can define them in their real
positions as they (top node of a bottom one and bottom node of a top one) will be connected by
mesh elements of the slab.
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e [shape RC Beams can only be designed in the RC Member Required reinforcement module.

.
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e Itis not recommended to use vertical offsets for RC Beams you want to design reinforcement
for as they influence values of internal forces causing large increase of the axial force (tension)
and significant reduction of the bending moment
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To design a T shape beam under a slab (panel) without using the offsets (for the reasons
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explained above) you may follow these steps:
define a beam with a rectangular cross section that represents T shape “web” with no offset
increase its [Y moment of inertia so that it is the same as the T shape it “replaces”

=

I New Section ] EIQM I New Section
General Parameters General Parameters
Label: B T20x50 P - S Label: B R20x50 B
I
Color Auto i h Color Auto i h
|
@@@@ Basic dimensions (cm) ‘ IEHE@@ Basic dimensions (cm)
[ |Reduction of mom. of inertia b 20 bf 80 i [¥] Reductign of mom,_of inertia b 200
h 50 hf | 19 | 100 =nf 178 "y Q00 = 5p0
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replace the rectangular section with the “original’ T one after exporting a beam from a model to

the RC Beam Design module
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hf
Start: 0,00 hd I:‘ ’:I% h
End: hd 1b]
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e Inorder to model curved RC beams you need to approximate them with number of smaller
Istra.ighF elemepts. o o
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Then you can calculate required area of reinforcement in the RC Member Required
reinforcement module.

e Inorder to correctly export a bar element from a model that represent a strap footing to the RC
Continuous Footing (rather than to RC Beam) design module you should:
- Define elastic soil as its attribute
- Setit Structure object as Bar
- Incase of a T shape cross section assign it 180° (Gamma) rotation angle
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e To obtain correct values of “cracked” deflection of a multi span slab with use of the equivalent
stiffness method you should create number of smaller panel among the support lines rather
than a single one “covering” the entire shape of the floor.

There are two main reasons for such way of creating a model:

- Equivalent stiffness of RC plate (see: Help) is calculated for each of the “spans” (panels)
separately which is important for different geometries and loads on each of panels

- Scaling of elastic displacements is done for load which causes maximal deformation for given
panel rather than for the load which causes maximal displacements from the point found in the
entire floor.
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Otherwise the stiffness update method should be used instead.

e To obtain unidirectional behavior of a slab in a model you may use the orthotropic thickness

definition instead of the homogenous one and reduce value of Young modulus in the direction
the slab is not supposed to “work”

Labet CONR_250 Color: Auto -

[ Diection Y ]
| material ortholropy '}
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e To define raft foundation you should you should define elastic soil as either:
- parameter of its thickness (recommended for it allows for display of stress in soil as a map)

Autodesk® Robot™ Structural Analysis: Steel and RC Design

P} New Thickness i s = P S

Homogeneous | Orthotropic
| —
ig

|
! Label TH30_CONCF  Color Auto
| | ‘é-Ccnstam Th= 30,0 (cm)
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Foundation elasticity
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[ Autormatic direction ]
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l Parameters of foundation elasticity I Ky = 0,00 (kjm3)
Material: C12/15 -
[ e J[ cose J[ vep | f|[poa J[ cose [ rep |
b —_— |

- or elastic planar (surface) elastic support. Mind not to mark the Constant coefficient check box

to allow the stiffness of each support generated in panel’s node to be automatically calculated

based on tributary area of elements of a mesh.
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Do not use both of them at the same time as the defined soil stiffness will add up.
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Additional references to the discussions on these topics on the Robot Forum:

http://forums.autodesk.com/t5 /robot-structural-analysis /buckling-length-coefficient-in-concrete-
structure/td-p/3092910

http://forums.autodesk.com/t5 /robot-structural-analysis/column-height-should-i-stop-at-slabs-
or-go-all-the-way-down/td-p/3234202

http://forums.autodesk.com /t5 /robot-structural-analysis/i-beam-section-choice-in-rc-elements-

beam-cross-section-menu/td-p/3251898

http://forums.autodesk.com /t5 /robot-structural-analysis /consequence-of-axis-position-offset-

excentrement/td-p/3268158

http://forums.autodesk.com/t5 /robot-structural-analysis /poutre-en-arc/td-p/3396489

http://forums.autodesk.com /t5 /robot-structural-analysis /how-to-model-a-curved-beam-or-

truss/td-p/3534426

http://forums.autodesk.com /t5 /robot-structural-analysis /t-slab /td-p /3183798
http://forums.autodesk.com/t5 /robot-structural-analysis /beam-offsets /m-p/3332921
http://forums.autodesk.com/t5 /robot-structural-analysis /continuous-footing /td-p /5323957

http://forums.autodesk.com /t5 /robot-structural-analysis /meshed-slab-supported-by-beams /td-

p/3167096

http://forums.autodesk.com /t5 /robot-structural-analysis /floors-span-direction /td-p /3349655
http://forums.autodesk.com /t5 /robot-structural-analysis /sizing-slab /td-p /3280315

http://forums.autodesk.com /t5 /robot-structural-analysis /mat-foundation-support/td-p /3899458

http://forums.autodesk.com /t5 /robot-structural-analysis/aligment-of-two-column-elements-with-

different-secction/td-p/4778935
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http://forums.autodesk.com/t5/robot-structural-analysis/i-beam-section-choice-in-rc-elements-beam-cross-section-menu/td-p/3251898
http://forums.autodesk.com/t5/robot-structural-analysis/consequence-of-axis-position-offset-excentrement/td-p/3268158
http://forums.autodesk.com/t5/robot-structural-analysis/consequence-of-axis-position-offset-excentrement/td-p/3268158
http://forums.autodesk.com/t5/robot-structural-analysis/poutre-en-arc/td-p/3396489
http://forums.autodesk.com/t5/robot-structural-analysis/how-to-model-a-curved-beam-or-truss/td-p/3534426
http://forums.autodesk.com/t5/robot-structural-analysis/how-to-model-a-curved-beam-or-truss/td-p/3534426
http://forums.autodesk.com/t5/robot-structural-analysis/t-slab/td-p/3183798
http://forums.autodesk.com/t5/robot-structural-analysis/beam-offsets/m-p/3332921
http://forums.autodesk.com/t5/robot-structural-analysis/continuous-footing/td-p/5323957
http://forums.autodesk.com/t5/robot-structural-analysis/meshed-slab-supported-by-beams/td-p/3167096
http://forums.autodesk.com/t5/robot-structural-analysis/meshed-slab-supported-by-beams/td-p/3167096
http://forums.autodesk.com/t5/robot-structural-analysis/floors-span-direction/td-p/3349655
http://forums.autodesk.com/t5/robot-structural-analysis/sizing-slab/td-p/3280315
http://forums.autodesk.com/t5/robot-structural-analysis/mat-foundation-support/td-p/3899458
http://forums.autodesk.com/t5/robot-structural-analysis/aligment-of-two-column-elements-with-different-secction/td-p/4778935
http://forums.autodesk.com/t5/robot-structural-analysis/aligment-of-two-column-elements-with-different-secction/td-p/4778935
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2. Defining loads

e Live load applied on a multi span beam or slab defined in the model of a structure acts as
applied (there is no automatic pattern load distribution). In case this is needed it should be
replace with number of live loads defined on each of spans separately. It is suggested to do so
only for currently designed level (story) or do so for a substructure saved based on the
selection of a part (e.g. floor plus walls and column above and below it) of the entire model

e In case of multi-story building limit number of combinations to a reasonable value. The limit of
automatically generated combinations can be entered in Job Preferences

P& Job Preferences . l 7 e
= H X x DEFALLTS -
- Units and Formats
i Materials
4 Databases [ switch off selection synchronization between views or tables
-i-- Design codes
+- Structure Analysis || save results in external file: *.RT_
[® Work Parameters|
Meshing Maximal number of generated combinations 64000
I
|
= Open default parameters |
I % Save current parameters as default | [ oK ] [ Cancel I [ Help I

e In order to avoid the effect of unrealistic shortenings of RC Columns under self-weight of higher
stories you can apply load in stages (phases)

+ + =
< S A s S s e

O O m 4 0 B & |

phase 1 phase 2 phase 3 phase 4 (ALL) collected phase

Defining the combination
\ In each phase the self-weight load applied only to the story added in this phase \ of self-weight casess

from all collected phases

Additional references to the discussions on these topics on the Robot Forum:

http://forums.autodesk.com /t5 /robot-structural-analysis /load-sequencing-construction-

stages/td-p/4568689
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3. Working with the Steel Design module

a) Setting design parameters (Member type definition)

" Member Type - EN 1993-1:.. lie=nli= ) s’
D x IREE &

Simple bar Cantilever
Column
-
X Delete
Beaml
Beam2
Beam3

Lines/Bars

Apply Close I [ Help I

Beams - the proposed setting for typical situations is to use automatic detection of bracings as
shown below:

FX Member Definition - Parameters - EN 1993-1:2005/AC:2009

Member type: Beam ‘

Buckling (y axs) Buckling (z axis) ‘
Member length by Member length Iz:
-._:,.-Fieal 100 -._:,.-Fieal 100
1@ Coefficient 1@ Coefficient
Buckling length coeff. y: Buckling length coeff. z:
Auto i Auto i
Sway Sway
Buckling curve y auto Buckling curve z auto

|| Flextural-torsional buckling

Lateral buckling parameters

Lateral buckling Lateral buckling length coefficient ‘

1
Load level: XL Upperflange I [ Lower flange I

Ler=(LcrlLer2,..) Ler=(LcrlLer2,..)
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Buckling | Buckling Z | Lateral buckling-upper flange | Lateral buckling-lower ﬂange|
Define segments between bracings Buckling coefficients of component segments
Structure
[ | pefine manually coordinates of the existing bracings 1 i (@) Sway
H @ s
Non-sway
real (@) relative
Add automatically coordinates of bracings
Bracing detection preview
at points with adjoining elements in the buckling plane For member no.: -
0 SRNF -
[ at all points where internal nodes are located
<< =L
at points where bending moments equal zero ® real @) relative
Buckling ¥ | Buckling Z | Lateral buckling-upper flange | Lateral buckling-lower ﬂange| |
Define segments between bracings Buckling coefficients of component segments
[ | pefine manually coordinates of the existing bracings
— | | —] |—] [——
real (@) relative
Add automatically coordinates of bracings
Bracing detection preview
At points where adjoining elements are located For member no.: -
0 SRNF -
[ at all points where internal nodes are located
< * L
[] at points where bending moments equal zero @ real @ relative
[ I 0K ] I Cancel ]

|

|
| Buckling Y | Buckling Z | Lateral buckling-upper flange | Lateral buckling-lower flange |

Define segments between bracings Buckling coefficients of component segments

[ | pefine manually coordinates of the existing bracings

real (@) relative

Add automatically coordinates of bracings
Bracing detection preview

[ At points where adjoining elements are located For member no.:

-
For load case: 0 SRNF -
[ at all points where internal nodes are located
< * L
[ i i — —
at points where bending moments equal zero @ real @ relative
| I 0K ] I Cancel ]

|

In addition for beams with large negative bending over supports you may decide to limit

unrestrained lateral buckling length for the bottom flange to the parts where it is under
compression
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e Columns - the use of automatic buckling length should be limited to ‘box’ shaped structures
with perpendicular beams defined among rows of columns at levels of horizontal floors

L X

€ Member Definition - Parameters - EN 1993-1:2005/AC:2009

Member type: Column
Buckling (y axis)

Member length ly:
-._:_.-Fi'eal 1.00
(@) Coefficient

Buckling length coeff. y:

Auto

oo

Sway

Buckling curve y Sulo

- 5 — -
Pt e
2 iE% SESSEEE d ﬁ‘a‘EE?’bl >
; =l = TR Sl = S Shapem
P e
! o 2 ST M £ SRS S S, T N R _- —i
P

TR s =>
- p g ! !

Buckling (z axis)

Member length Iz:
-._:_.-Fi'eal 1.00
(@) Coefficient

Buckling length coeff. z:

Auto

oo

MNon-sway

Buckling curve z
9 auto

Save
Close

-

FRony |1

Beam
Column

It is strongly recommended not to alter settings for member length and keep the default 1.00

coefficients in these fields.
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e Abeam vs. a cantilever (use of Cantilever check box) for SLS verification

A Serviceability - Displacement Values ﬁ

Limit displacements m

Member deflection (local system)
Final deflection
E y=L/ 200,007 2z=L/ 200,00

Deflection from live loads

E y=L/ 200,007 2z=L/ 200,00 [

Node displacements (global system)
X=L/ 150,00[7] Y=L/ 150,00 [[]

Members with camber

[| cantilever

0 Check of displacements with camber
considered

2] User-defined camber

0,0 0,0

Automatic camber

If the check box is not marked then the deflection is checked as the distance between the line that
connects the beam ends in the positions they are after applying the load and the point along the
beam that 'moves’ the most whereas for the cantilever check box marked what is checked is the
difference in displacement of the end nodes.

gn
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b) Setting Calculations parameters (Configuration dialog)

¥ Calculations - EN 1993-1:2005/AC:2009 |

Verification options

6' Member verification:

_' Code group verification:

(") Code group design:
Optimization Options ]

Limit states

ULS: 1t020

SLS: 1to4 21to44 List

Calculation archive

Save calculation results ’ Results storage ]

l 0K ] I Conﬁgurationl l Calculations ] [ Help I

e Deciding on number of calculation points
In general it is recommended to set relatively large number of verification points along a bar
(usually the default 3 is good enough only for simply supported beams with uniform or point
load in its middle)

#¥ Configuration ﬁ
Calculation points
_—

MNumber of points: 1| =

& I
[ | characteristic points

You may reduce their number when there are additional nodes along a bar as the points are set for
calculation elements rather than the bar itself. This functionality is used to prevent “skipping” the
point where a concentrated force is applied but in order to have it applied you need to define a
point force with a calculation node:
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m Bar Force _é‘ﬂ‘ﬂ
-

s

=

Values

x [N 000 00

Y. 0.00 0.00 0.0
Z: 000 0.00 0.0
|| Coord. system: (@) Global () Local

] Loads on eccentricity
Coordinate

(@) Relative (x/L)
x= 050 _

() Absolute (m)

‘ Generate a calculation node
atthe pointwhere a load is applied

F(kN) M (kN*m) ~J (Deg)

[ Add || cClose || Hebp

[a——

Autodesk® Robot™ Structural Analysis: Steel and RC Design

It is recommended to have the Simultaneous calculations check box marked as max/min forces
are assumed as the ones with largest absolute values (sign is ignored) and such points may not
be the governing ones (this depends e.g. on locations of bracings as well)

IRP=TITEN P

L L

# Configuration

Calculation points

Number of points: 3 =

Calculation parameters

Efficiency ratio: 1.00

Maximum slendemess: ~ 210.00

Characteristic points

¥ Calculations in Characteristic Points

even-division points

Points for min/max values

["|coordinates of additional points

OK ] I Cancel

Simultaneous calculations in characteristic points and in the

[ maxFx
[ maxFy max My
max Fz [l max Mz

(@) Relative (") Absolute

*L
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The results are displayed from the point where calculated ratio is the highest however you may

run the check in an arbitrary selected location along a bar using the following settings:

4 Configuration [ g |4 Calculations in Characteristic Points ﬂ
R (& Simukanecus caloulations in characteristic points andin the
Number of paints: 3 o | even-division paints

I V| Charactesistic poits | Opligns | Concel | Poits formin/max values
max Fx o
Caleulation parameters e [ max Fy ] ma My
Elficiency ratio: 1.00 ;] [ max Fz __ max Mz

[¥] Maimum slendemess;.  300.00
— Components of complex bars are
not taken into account

T ake plastic adaptation factor into
I~ considesation

||| Esclude intemnal forces fom calulations

Unitz of results
Cade @ Aaobot

Camber

+— Take the deflections from the
“ following caze into congiderstion;

1 Poidz propre -

|| Coordinates of additional paints

I -

9 Relative Absolute
[ ok ][ cance | Help

e Excluding some internal forces from calculations

In some situation you may want to exclude small axial forces or bending moments to run design
against simple bending or unidirectional bending with axial force instead of biaxial bending (with

axial force)

This can be done by setting the limits below which the effect they cause are considered to be small
enough to be neglected. It is recommended to use the relative stress limit as such definition is more

“general” and can be applied to sections of different sizes. Mind to set both negative and positive

values.
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U U e T e re ey L N AT

£ Calculations - EN 1993-1:2005/AC:2009 [l = (W8S || 4 Configuration 2 Interal forces not taken into consideration (]
Verfication options Calculation points . X . =
® atiation: i = I-'temd Do not consider the following forces in calculations:
' ’ = 085 Al: Inducing stresses in the interval: MPa
© Code group verfication: 7] Characterstic points (==
I ] Fx (@] min= 2 max= 2 [¥] % sig. adm
©) Code group design: Calculation parameters
am— sy w0 | el mn @ e (0] e [00] Ol
Loads - Limit state " (V] Maximum slendemess:  210.00 ElFz ] min={0.00 | max= [0.00 [1% sig. adm
Cases: @) Utimate {7 Components of complex bars are - -
P - UM “~ not taken into account [ mMx 7 min= (0,00 | max=(0.00 % sig. adm
["] Save calculation resutts [ Servicsabity Il ] Bastic analysis | P — s 5
7 : My min= (000 | max= (0,00 % sig. adm
| gmmnndamm I
ok ] I c ]Ilr ] [t ]H a Mz ] min=[000 | max= (000 % sig. 3dm
|| Methods of calc. of interaction factors kij | — =—
>
© Method 1 {Prnex A Czo) (L ok J[ Concl | [ Heo ]
I () Method 2 [Annex B]
|| Fire analysis
I [T Fire calculations
Il ansiysis sccordng [ENT893127 ~

fication method: [Resistance dor ~

| l&dmmlmﬁmcdam] I

©) Code © Robot

Camber
@] Take the deflections from the
— following case into consideration:

¢ Finding best matching section (Code group design)

In most situations you want to find a best (the same) section for selected group of elements of a
model (e.g. internal columns on the 2nd floor or main girders of a roof) and the design criteria is
weight (cost) rather than ratio closest to 1. In such case you need to create design groups based on
list of elements from such group

Number:
Basic data

Member list Sections

Material: Steel EC3 Steel 5235

ok | | Delete || sae | |
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and select the optimization parameters

4 Calculations - EN 1993-1:2005;%

Verification options

(") Member verification: 1
() Code group verification:
(@) Code group design: 1
[¥] Optimization [ Options |

— —— —
#¥ Optimization Options

-—_%

Optimization options
[¥] Weight {cm)

[ Maximum section height 0.0

[ | Minimum section height 0.0

[ | Maximum flange width: 0.0

[ | Minimum flange thickness: 0.0

[ | Minimum web thickness: 0.0

Calculations for the entire set of sections
| T T

Mind that the code group design (contrary to the member verification) is based on the material
assigned to the group rather than to elements that this group includes

[ Definitions - EN ]
Groups

Mumber: 1 - New
Basic data

Member list 326 346 366 459 Sections
Material: Steel EC3 Steel 3235 -

OK

Delete

|| save
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e Finding best matching section for each beam or column of a model separately

As such operation can only be performed on groups it is necessary to create them for each of
element of a model separately (one element = one group). This can be done automatically by typing
all/-1 in the list of bars and pressing the ENTER key

Definitions - EN 1993-1:

Members | Groups

Number: 1 - New
Basic data

Member list allj-1 Sections
Name: 1 Par. sections
Material: Steel EC3 Steel 3235 -

[ OK ] I Delete ] I Save ]

e Limiting search to only these profiles which are available (on stock)

I Selection of Sections = =

Standard |

Databases: Section families:
Europe [T -
Eurocode 1995 HEAA
User CE -
Sections:

HEB 100

HEEB 120 | |
HEE 140
HEE 160
HEB 200 &
Selected sections:

HEA 160
HEA 220

Delete selection HEA 280
HEA 320

Delete all HEB 180
HEE 200

[ »

o ] [ cwse | [ wep ]

Marking the check box moves all profiles from the marked database or family to the selected
(available for design) section list.

Selecting a database allows for picking up families or single profiles

If no selection is done the design assumes that all profiles from the family of a section assigned
to a beam can be used.
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o Design of user created section is based on selected section type (verification path and formulas

to be used) as well as entered section geometrical properties (section class determination)

e.g. for I section with additional welded plates as discusses at the beginning of the presentation

i 8

LY I ARG XAQN NQ & @ Tt 1

300 2500 -200 1500 -1000 -0 0 0o 1000 e~

(i Y S A o ) ol A o i L S i e Sy 0 S

When section type is left as “?” the verification is done as for a solid rectangular profile
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Managing the results of code checking

Autodesk® Robot™ Structural Analysis: Steel and RC Design

To check which elements failed and to what degree you can follow the steps illustrated on the

pictures below:

[ Cale. Note ] Close J
9 Hep
- B
[ Analysis ] Map ]
Calculaticdy points
Division: n=
Extremes: ni 4
i - N
% Calcula -
List: B300 9320 3400 9420 3520 36!
JR—
Operation
©@ Simplified note
) Full note
Save table
Label:
[ 0K J [ Cancel ] [ Help |
9220 v21.3 || w14x78 Metal - Steel - 15.78 67.48 0.89 | 171.25*D +1.5°L + \
9600 U20 (o] | w 14x43 Metal - Steel - 97.72 92.00 0.89 | 141.25*D + 1.5°L +
8020 AA21.3 W 14x43 Metal - Steel - 28.84 88.76 0.85 | 32 1.25*D + 1.4*W-
9221 Y21.3-2 W 14x43 Metal - Steel - 28.41 74.16 084 ]| 141.25*D +1.5°L +
9515 v21 B | w 12x65 Metal - Steel - 70.75 88.61 084 ]|17125D+1.5%L+| ~
s [ Calc. Note J Close
—1 Help
] Analysis J Map
Calculatic points
Metal - Steel - Division: n=
3 Extremes: ni 4
V147 i Calgyla e
-
i List b300 3320 3400 3420 9520 3630
P—
Operation
© Simplified note
~ Full note
- = s Save table
Metal - Steel - v
' Labet
i Maial ciaal [ 0K J [ Cancel ] [ Help ]
9220 Y21.3 W14X78 Metal - Steel - 15.78 67.46 089 | 171.25*D +1.5°L + €
9600 U20 W 14x43 Metal - Steel - 97.72 92.00 089 | 141.25*D +1.5°L +
9020 AA21.3 |E8| w14x43 Metal - Steel - 28.84 88.76 0.85| 321.25*D + 1.4*"W-
9221 Y21.3-2 || w 14x43 Metal - Steel - 28.41 74.16 084 | 141.25*D +1.5°L +
9515 v21 B | w 12x85 Metal - Steel - 70.75 88.61 084 ]| 171.25*D +1.5°L +
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Additional references to the discussions on these topics on the Robot Forum:

http://forums.autodesk.com /t5 /robot-structural-analysis/problem-with-custom-sections/td-

p/3379315

http://forums.autodesk.com/t5 /robot-structural-analysis /bar-deflection-code-check-cantilever-
check-box-usage/td-p/3300335

http://forums.autodesk.com/t5 /robot-structural-analysis/calculation-points-in-steel-design /td-

p/3345899

http://forums.autodesk.com /t5 /robot-structural-analysis/steel-design-results /td-p /3446635

http://forums.autodesk.com/t5 /robot-structural-analysis/steel-design /m-p /3340849

http://forums.autodesk.com /t5 /robot-structural-analysis /ltb-amp-steel-bracket/td-p /3385765

http://forums.autodesk.com /t5/robot-structural-analysis/need-help-in-design-a-steel-

building/td-p/3443633

http://forums.autodesk.com/t5 /robot-structural-analysis/autodesk-robot-structural-analysis-

steel-design-elements-which/m-p/3501700

http://forums.autodesk.com /t5 /robot-structural-analysis/code-group-verification-vs-member-

verification/td-p/3667094

http://forums.autodesk.com /t5 /robot-structural-analysis/steel-beams-verification-without-axial-

force/td-p/4948536

http://forums.autodesk.com /t5 /robot-structural-analysis /metal-beam /td-p /4962944
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http://forums.autodesk.com/t5/robot-structural-analysis/steel-beam-design-issue/td-p/3622270
http://forums.autodesk.com/t5/robot-structural-analysis/code-group-verification-vs-member-verification/td-p/3667094
http://forums.autodesk.com/t5/robot-structural-analysis/code-group-verification-vs-member-verification/td-p/3667094
http://forums.autodesk.com/t5/robot-structural-analysis/steel-beams-verification-without-axial-force/td-p/4948536
http://forums.autodesk.com/t5/robot-structural-analysis/steel-beams-verification-without-axial-force/td-p/4948536
http://forums.autodesk.com/t5/robot-structural-analysis/metal-beam/td-p/4962944
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4. Working with the RC Design modules

e Toadd new reinforcement bar grade or diameter you select and edit reinforcement bar
BB Job Preferences |2 3 71 caprogramData\AutodeskiStructural\Common Data\2015\DATA\Reinfibar_EN 1992-1-1xm = %
& H X% DEFAULTS - HD i@l X= =28 w
StirupB| HookBend BarBendr | Character B
G3-tnits and Formats - EZ Wo| Steel |Diametar | Diameter|Maxlengt] ., |Hooklend|Hooklent)Hooklent| \yFommes| FormerDi | ormerDia | isticYield | PlainBar | Barsizs | SiuP
waterals Roal b 0 3 0 e e il okLen
- Databa:
7 Stes and tmbar o 77 [BE00C 7 % [P T [ f 7 7 7| beo 1%
e e Dambase Datmbase ame  Database Description 26 [B500C % % 7 7 B B B 7 7 7] tesuos | %
l Standord losds |~ Llen 1952-1-1 | 29 [B500C 0] 40 2 a7 5| 5[ 5| Ll 7 7| Gestdd ] |40
| Bulding solls EC2 - ICELAND 30 [B5004 5 5 12 o 5 5 5 3 f: 4 ses008 5
Bolts EC2 - ITALTAN NAD 31 |B500A 8 8 12/ 0.395 & 5 & 4 A4 4 5e+008 Jil] 8
| Anchar balts. NEN-EN 32 [B500A 10 10 12 0.617 5 5 5 4 4 4 59-@‘ o |
-Reinforcng bars 33 |BE00A 2 2 12 o0ses B 5 B 4 P 4| se0ms| (| 12
Wire fabrics 34 [B500 £ 4 EIE] B B B ] ) A Geots (| |
5 Design codes 3 [B500A % 7 [EIE 5 B 5 4 4 A seoms o |6
& Structure Anslysis T < I v 36 |m5008 Gl G 2 022 5 5 5 4 4 A setts] |6
o v a7 |Bs008 3 3 12 03 5 5 5 4 4 4| se00s] (1 |8
e I 38 |B5008 10 10 12 0617 5 5 & 4 4 4 5e+008 [i] 10
= oS e P 39 |B5008 1z 12 12 ogmm| 5 5| 5 4 4 4| Ges08 [ |2 3
o] [ a0 85008 u 1 2 2 B B B 1 p 3 seoss (1 |4
il A CH WS pu/roters e ek | e [ [_noe 41 |55005 % % 1 150 5 5 5 ) @ i geso0s | |1
4 |B5008 1 79 iz 2 5 B 5 7 7 7 sewts o |16
| | <+ \Bar definition { Formula | Hooks [ Description /| (] i ] ’
[|
| ok | [ cancel
W o | 1 ¢ \Common Data\2015\DATA ic N 1992-1- Lol e
I — — et mie 5 EE® w
- Units and Formats cneckeD| SECTION [SPACING | LENGTH | DIAMETE | END Ar | END Av |REL LAP (| ABS LaP [ SECTION | sPACING | LENGTH | DiamE ~
- Moteriols IS Sh{r Lh{m) | ROh(m)| fem) fem) | Rh*Eh) | Rh(cm) |Sv (m2im)| vh cm)
@
E Databams eja@ A @ 0.000523 5 001 1 1 3| 0| 0.000523 1
Stesi end timber sy Database Database Wame  Database Descripnon ElG] 0000333 5 [ 1 1 3 0] 0.000383 El
| Vehidelbads 1§ ]| B.42-005 4 oom| 05 [ 3 0 BAs-005 15
Standard loads o O 8 26005, 5| oo T T 3 0 82005 15
| aulding sods I [ [
o =] o | oeoatit 4 oo 05 as 3 o] 0000131 15
| bt & [5-160,5000 A @ | oode1s 5 oo0s 1 1 3 0] 0000131 1
Reiforcng bors 7 [5-150.5000 o | owotes 5 ooe 1 1 3 o 0000165, 5
el ("8 [6-200,5000 0] [ | oooown 5 ooos| T 1 3 00,0007 20
5 Dasign todes (o [7-150.5000 A 0| oo s oo 1] 1 3 o 0.000257 5]
& Structre analysis + ] = D 10 [8-150,5000 I 0000335 5 0008 1 1 3 0| 0.000335 15
i ¢ 18200 5000 A 0000252 E] 5 oo 1 7 3 o 0000252 2
- Open default parameters |
A §ave current parameters as default | ok [ cancet ][ hew
<« +|\Reinforcing net { Description / Formula J Hooks / Steel ] K™ m v

The description tabs provide information about each of the columns.

bars W . yee

Type 018 for AL Mo

o CAA) ameter (1o ot remarng codes)

15 |marmer Zem Lo 22 abookn
o)+ Bar cetnmon J Formuta { Hoces ) Description . = v
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a) RC Beam Design module

e Import form a model

To import a beam from a model you need to select bars which define it and press the indicated

button

Autodesk® Robot™ Structural Analysis: Steel and RC Design

o | @
© =
BE
F
5, @
—®
..M—
o
L o_ |
o

In addition to decision about loads you want to import mind to check the supports tab to see if the

automatic selection (based on supporting element type and its size) has been done correctly

Object/window/capture sel

4m Beams - Parameters of RC Elements

Simple cases

-

m}
Selected regulation for generation of combinations:

RC regulation
EN 1390:2002

Grouping type
V] According to story

[¥] Create stories for elements not assigned to stories

According to geometry

[7] Consider posttions of bar axes

[] Aways display this dialog box
[”] Automatically run calculations

Node no. Section
Fixed (Support 1)

1
WRE C 45x45 (Bar 2)
B s € 4Ex4s (Bar 3)
Gk € 45x45 (Bar 4)

e

[t ¥

.

Supports £ Shmple cases /

=N
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e (alculation options

By default a beam is designed against the simple bending with values checked in 11 points.
These settings can be changed in the Advanced (calculation) options dialog

. Advanced Options y lﬂj

Support moment redistribution

|:| Reduction of support moments by

for ULS,ALS: O % [ |Auto forsLs: |0

Avoid compressive reinforcement at a support

Calculation span length for concrete supports

(@) according to code ()in the axis

Moment an extreme suppart (pinned): B 1= 015 = p(max)
Minimum reinforcement area on the support: B 5= 0,2500 = As(mazx)
Participation of stirrups in shear reinforcement B 3= 0,500C

Number of calculation peints in the span: 11

1,00

] Automatic generation of self-weight for new heams
|| axial force taken into account
[ I Torsion taken into account

|| || pisplay diagrams for all combinations

D‘u'eriﬂcat\on only for positive deflections
[ Redistribution of a shear force near supports

D Additional calculation points

o [ o

In addition it is possible to decide if you want to calculate reinforcement for bending moment and
shear force from support’s face or its middle by selecting a support type type

Beam Geometry | Span Geometry | Segments

Mame: F1

Lengthe 350 [m)
Left support Right support
“Width: 040 [m) Width: 040 [m)
Marme: W1 Mame: W
Type: pinned - Tupe:
() Conhcrete @ Mazonmy () Concrete @) Masonny

[ Apply ] [ << ] [ > ] [ Close ] ’ Help
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e Reinforcement pattern (distribution)

The decision of support type influences the range of generation of stirrups. In case you want to
design a beam with concrete supports for bending moments from its middle but you don’t want to
have any stirrups generated over supports you may need to change the default settings

Beam - View [Bem-mdem[Bom-&mlBem-Mmmle-n«e: ) ) - )
- | 1T I | I L] I | [ ] I | [ I I | 1

-0,5 0,0 0,5 1,0 1,5 2,0 2,5 3,0
P1
| : . 3 ; ; ; : & Support Reinforcement =
Flps=_ (050 ‘
w0 [@b>= § 000 m {Masonry supposts)
T o pacng Tomber
B ) Same as support reinforc, @ Auto
| o 00 @ 5 i
[ ok ] [ conce |
| =
2 e - =
_wn
g 2 : : : ; : : ) : : & Support Reinforcement g
@it >= %m P—_— Q
Vi
= Y ¢ X ; 3 ) ; y X Y Vb= A m Masonry suppaits)
Spacing Number
= 'c_- 1) Same as suppaort reinforc. © Ao
| ® 010 5 1
L 040m | [ ok ] [ cancel I
o S gl ige e S 15 ~ 20 25 s
5 0 0] oy S
] n
¢ BeanG Span Geomely | S, 1 _ [ xI[ ¢ !
5 Reemae I’"""" o R Support Reinforcement
Name; P1

5
[Vib>= - m) (Concrete suppoits) I l-_— R

[Z]bys S=ER0==——t, (Masonty supports)
Spacing Number e di
Same as support reinforc. @ Auto 0
| @ 010 ™ ® 1 €00
Ty — [ Cancel |
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To include constructional reinforcement in beam'’s capacity you need to set its steel grade as being
the same as the one selected for the longitudinal (main) one.

o

==

b) RC Column Design module

RC Columns in a model should be defined as a single bar elements (between levels of beams or
floors) rather than a chain of smaller ones or a single element running through all the stories. In

Steel types w
| General | Bottom Reint. | Top Reint. | Tiansversal Reinf. | Constr. Reinf. | Shapes —— Constructional longitudingl [ s fon longituinal reinforcement -
Agsembly reinforcement “ . y
Cancel hooks [ for wansversal reinforcement -
| Coneider in lnad capacity cakoulations e,
ameter Help rirshink.age [Aa foi ransversal reinforcement vI
od ) & preensstn Bursting hocks (15 For special remtorcement -
) 1,00 - ,
| s for main bare e " (Standad Reinforcement of stiuts [As for transversal reinforcement - |
Saveds ..
Joint methad
e -
Reintorcament over support elete
@ Continuous on support length _) To support face
=~ =~
Anti-shrinkage reinforcement Tianspart reirforcement
- Lo g
Diamster »= | 32 S Ta 1w
| Tied l
di: |10
Conditions of application
) ho= 100 [m) 12
ot d
" et 0D () -llﬁl
M ain reinforcement protection
é_ Bursting reinfarcement
Reinforcement of RC struts

case of a column defined “inside” a “meshed” wall you should ignore the warning about nodes
defined along its length.

Column inside
panel

Beam framing into
column - column

not divided
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e Import form a model (grouping)

Autodesk® Robot™ Structural Analysis: Steel and RC Design

RC columns are exported from a model in the same way as beams but it is possible (similarly to the
group design in the Steel Design module) calculate identical reinforcement for group of RC columns

of the same geometry

A
o (e
° |l =
T =|
0 F
5]
)
o

e (alculation options

4@ Columns - Parameters of RC Elements

o

il

RC regulation
EN 1990:2002

Grouping type
[¥] According to story

According to geometry

T Cotrmn cham

Selected regulation for generation of combinations

Create stories for elements not assigned to stories

[] Atways display this dialog box
[ Automatically run calculations

By default columns are calculated for axial force and bi-directional bending but it is possible to
include shear and SLS design or limit bending to one direction only (when the other direction
bending moment is small enough to be neglected or a column is a "part’ of a wall)

I Calculation Options - EN 1992-1-1:2004 AC:2008; Regulation - EN 1990:2002

et |

General ‘ Concrete | Longitudinal reinf. | Transversal reinf.

Method of calculating biaxially bent rectangular columns
0 M anl My} +(Mm”Mm)ﬁ <10
(@) Based on stress distribution

Simplified second order analysis method

‘é-Nomina\ stiffness

() Nominal curvature

() Nominal stiffness with effective modulus of elasticity 5.8.7.2 (4)

Seismic... ll[ Advanced... ]

|| Precast column Cover (cm)

-Q‘Tranwersal reinforcement
Reinforcement optimization level

! Longitudinal reinforcement

() Longitudinal reinf. axis

Minimum (relative)
capacity:

1,00 c>= 3,0

[ Fixed

Deviations

|| pesign for simple bending

(@) My direction Mz direction

l Fire provisions...

[

Save As

Delete

X Advanced options

I:‘Shearconsldered
I:‘Crackmg considered

|| Stresses considered

x|

Cancel

J |

Help

H

36



Autodesk® Robot™ Structural Analysis: Steel and RC Design

Mind that buckling parameters are taken from the Member type label assigned to a column in a

model.
[ R/C Member Type l_i‘_‘g Buckling madel -
0 HEEE & &
["]Bracing system e a
Apply
E]RC Colum] :
X Delete [Coft ¥loft Wz
Structure L Structure AT
(@) Non-sway [\M (@) Non-sway - -
© vy B X | oun '
L= 400 o L= 400
Lines/Bars ky= 1,00 k= 1,00
—
# Member Type Definition - EN 1992-1-1:2004 AC:2008 ﬂ

Member:

Buckling with respectto Y axis
Member length Iy
atsupportfaces

@inaxes
Cireal
Tcoeft
TicKing lengmh Coemeient

Ky 100 I

1o

RC Column

atsupportfaces
@)inaxes
m real m
*Lleo ) coeff *Lo |

Buckling with respectto Z axis
Memberlength Iz

uckling length coefmcient ‘

|

ke 100

Maximum node displacement
10.0

Note

|
10.0 Additional parameters ‘
|
|
|

[ sawve [ cose |[ rep |

c) RC Spread Footing Design module

e Import form a model (grouping)

Design of a spread footing is based on reactions imported from selected support nodes. It is
important to match the directions of support with the direction of the local coordinate system of a
column as the design of the spread footing is based on obtained values of reactions.

i = Support direction =1l=
#Suppon Definition = = # pp -y
Direction of the local x axis
Rigid | Elastic | Friction | Gap [ Nonlinear | 4] » _
@ angle
Label Support_1 Alpha (Z axis)= 0.0 (Deg)
Beta (¥ axis)= 0.0 (Deg)
G = 00 D
Fixed Uplif 7 amma (X axis) (Deg)
directions: (_Jnode
[v]ux Mone v
#luy Mone - () point
[Fluz None -
[ZIRx None h ok | [ camcel | [ Hep
VIrRY None -
[VIrz None -
Angle
Support directions are
compatible with the global T
coordinate system
Direction

[ Advanced

l

[ add J[ ciese

e ]
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[t is possible to group nodes in order to have identical foundations in these locations.

o | il Am Spread Footings - Parameters of RC Elements g
o
;-Ell Simple cases
E W | Manual combinations
f Selected for of cor
? RC regulation
) EN 1990:2002
Geotechnical regulation

| 3
s— EN 1997-1:2004

B Grouping type

[¥] According to stoy
g 07

! [v/] Create stories for elements not assigned to stories

ccording to geometry

|| [7] Aways display this dialog box
["] Automatically run calculations

When two supported nodes are selected it is possible to design a common foundation for both
columns located in these nodes

D@E %@@@ XUed A EEHE QRRABY K2 pEF- H_D-QM@@XM IGﬂﬂ-- Q@ -éﬂﬁﬁe

Y e [—j(r @ ;_H[\ o0 In? 22 ﬂl&%! L) [ stucuwre F

Otject b T — T T T B u\\t’ﬂ?d\\@

‘Q‘D -10,0 80 -6,0 40 2,0 0,0 2,0 o% e © Nome
Ez— e ’ C | B T
Bzunzu:?:.:;:»da gg s ) ) v ) ) . ) ) =2 i = Level 3,00 E ‘
Auiliay objects 5 % = i ol
&
B3 . . . o
! = 3 i;lx /
ERa e S o '
= ; :-Jb— e — —”‘ enel:l)){ lowmml
o EI‘ Narme Vaie Unt | o ]
m =
-2 H / HiE e ’ET_l
o
" & lzTrrud a: 050 a2: o0 Y i
L sil & = 5 o I Fued hl:r,_hz o (XN
@ \..:) = MO8 [ fued  ex [0 T Fied —
L 1= W2 030 Fwed ey om0 I Feed
= to (I i Joss e2; o
= B @ Number of elements [T
[= -

— : "iﬂj ]
Nodes = i &1 (= " e a2 s | L.
R e et e ey me “3||>;|~|~“:|ng1|  —
i

Yo Foundation -View
VA 8BS [ Resuls (FEM): avalable s L ES [B30x50 11 x=-4,06; y=0,00; 2=0,75 IS 0,00 M Code : EN1997-1:2008 | Reguiation: EN 1997-1:2004 @ czoizs ) BS00C (Deformed) [ B500C (Deformed).

It is important to match the directions of local coordinate systems of the columns

1
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d) Design of RC Continuous Footing

e For astrap foundation under isolated columns use the RC Continuous Footing module

Mind to set the Structure object type as a Bar rather than a Beam

ol ARt R Dl Yauk  RAaeWedow Rl

Eﬁl&m@.ﬁx‘;%ﬁﬁ =& EQ*&&N“@EM%#E!—EW

e - et El Q@ heh 1PeRN R . § et AR
o v T JM - e
WEE a0 of
e SinD #esd) &
B il | 1
=,
Lrdsfned. -4 4
e
fri . v
i o
| ol L] m
st
o
I
v
@
L
2
&
m
u
@
&
|@
-
. I
—|'LJ“ JENEEEEE S ¢ B, HHES
.J CHLAOD & Resubts (FEM): availsble 9 L] B30 L x=10.500; y=0.000; z=0.000 =000 Im] [kN] [Deg]

e For astrap foundation under a wall with defined linear support at the bottom edge use the RC

Spread footing module in the continuous footing mode

LR F=LF N Do Gnﬂf\liu‘ﬁl¥\=‘lt§‘l’@t‘ -4

Sctun | Foundamon Vem

sl TR

v T famn
 Soeen

Sarcid L
5 e 200

15 1 2

1 2 5 8 1 4 |11
[T\ Serwctors shements { oo 7
0 1 4 7 DENEENNE 1 0 R f
A — Y
a——
Lo e
w s o o Lol
S
{0 I —
- @& il o
Cranct 50056 a1 Prepam——
B — a: 20 [lReed | ameme ;
= — e
B — Wi 08 Flres e 88 D . l
i K: 0® Foed — Y
[sen | Z887851] [V —
Ben | Il
=
B S e——
o — ) ] [
=
- )
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e) RC Slab Required Reinforcement module

e Global averaging of forces

List of panels: D (@) Calculations (") Verification
Calculations for panel no.: I | | I Calculate I
| |

Calculated panels:

| Close

Limit states Deflection verification
uLS 1 (] Method:
sLs D (@) Equivalent stifness (Elastic)
ACC (-] With stifness update (FEM)
Method: ’equwa lent mom. (Wood&Armer) V] Displacement (+) Auto -
. T
[] Globally averaged design forces Displacement () Auto -

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

The option should only be used for a situation when a slab is modeled as number of smaller panels
and there are no other panels defined in another planes. Otherwise it should be switched off.

YES
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e Reduction of peek of bending moments over point supports

List of panels: 1to5 () Verification
Calculations for panel no.: I— | | Calculate
Calculated panels: I— | | Close
Limit states Deflection verification

uLs 1 D Method:

sLs D (@) Equivalent stifness (Elastic)

ACC D With stiffness update (FEM)

Method: [equivalentmom.(Wood&Armer) VI Displacement (+) Auto =

["] Globally averaged design forces S Auto -
Reduction offorces (at supports or above columns and walls)

As the values of bending moments in these locations are larger than existing in reality you can
reduce them based on the actual size of a support (column). The range of the reduction depends on
the mesh size therefore you need to match the dimensions of elements of the mesh and panel’s
supports e.g. size of elements being approximately from a half to the size of a real support.

EDHavR8XBE N ;&
NIREERID S ‘ ‘ ~ T - &
ST G TR, 2
~ 5%523"‘2% | £

: - N A i

» /qj;T/’ Y| W\I‘\‘L\I =

' \ Zal-
U WA

L L L L

u

lus Jsis [ms [Renforcement | pesecton [ smpie cases|

Left Rght [ Spam | Xe01S(m) |Xe07S(m) | Xe135(m) | Xe198m) |Xe255(m) |Xe315(m)

Suppent wn[ Actve 1pen

= 5 000 | ses 9% 200 | 12 < »

b i ond I Y O Y} o0 | om0 | oo | oo

= : ] PR
R R e e e
1 S @c on
ance
Span @ Whole beam
o ——— < 0 1oomi0 - i
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Autodesk® Robot™ Structural Analysis: Steel and RC Design

l @ Load Defmition | 4 Trnslation Y
[

aXaY.ez~ 000:200.0

Nodes
Bemerts:

Direction X
Cases: 2 (COMB1)

w—id | -
= oL P

Q
H¥YZl Q0

I3Ha¥R@GXELNNEE ARQABY R 2wl &
-2 -2 QR LD 2 come pey

e

B x=1200; y=1160; 20,00 =00 [m] [kN] [Deg]

mesh 0.05m 2

& Translation A

aXaY.eZ~ 000:200.0

Modes
Bemerts

—

Cases: 2 (COMB1)

w——id | -
'

B x=1200;y=1400; 2000 =1 [m] [N] [Deg]
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e Selection of forces included in the reinforcement design

You can exclude small axial forces from reinforcement calculations selecting the simple bending
mode as well as exclude bending moments using the compression/tension one.

PP NS-EN 1992-1-1:2004/NA:2008 Reinforceme... L= e

General | Materialz I 5LS Parameters I Heinforcement|

Marme: R floor del & [ekatra nedzenk)

Reinforcemant calculations for shells

Type: bending + compreszion/tension  *

o bending + com
Main reinforcer sirmple bending
comprezsion,tengion

() Automnatic
() Along ¥ axis
) Along v axis
) Along 2 awis
@ Any direction in Cartesian spstem
() Any direction in Polar spstem

Coordinates

Foint 1: 0.00; 0,00; 0,00

Fuaint 22 0.71;-1.,00; 0,00

| MNote || add || Close

| e |

Mind that for some codes there is large difference between minimal area of reinforcement for
elements under pure tension (such situation may happen for the bending + compression/tension)

and under bending.

¢ Influence of maximal allowed bar spacing on calculated required area of reinforcement

At the stage of calculations of required area of reinforcement you may not know what bar diameter
will be finally used therefore you may assume it as larger one for safety reasons (arm of internal
forces; cracks). In such case for lightly loaded slabs you may get large values due to maximal
allowed bar spacing. This effect can be disabled by checking the check box marked below:
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i 3
P® EN 1992-1-12004 AC:2008 Reinforcement Parame... i L= S-S
| General | Materials | SLS Parameters| Reinforcement

d2'
cz CON
. w2
i
o

Bar dimensions

di: 12 - dz: 1z -

di': 12 - d2": 12 -
Cover (cm)

cl: 3,0 c2: 3,0

cl': 0,0 2" 0,0 0

[ Junidirectional reinforcement
Membrane reinforcement in one layer
Minimum reinforcement
() None
(@) For FE for which reinforcement As=0
() For the whole panel
[ ] small risk of brittle failure 9.3.1.1(1)

|| pisable spacing conditions 9.3.1.1(3)
[ bisable SLS conditions 7.3.2(2)

[ wote || add || cose | mep |

e (Calculations of “cracked” slab deflection

¢~ Plate and Shell Reinforcemen

List of panels ALL E] () Calculations (@) Verification

Calculations for panel no | I Calculate
Calculated panels: |

J Close

Deflection verification

Method:

(@ Equivalent stifiness (Elastic)
() With stifiness update (FEM)

[] Displacement (+) 7

The equivalent stiffness method is the approximated approach based on scaling the deflection
obtained from the static analysis of a model by elastic stiffness of a panel to its “averaged” cracked
stiffness factor. Due to assumption of this method it should not be used to raft foundation on elastic
soil and you should check the values of displacements obtained from static analysis instead.

The stiffness update method is based on calculations of entire model with each element of a panel
having its stiffness updated (reduced) according to calculated area of reinforcement and crack
width. This verification can only be done for a single load case or combination at a time.

44



e Correction of an excessive deflection by additional reinforcement

If you mark Reinforcement adjust for deflection then the additional reinforcement is added in the

Autodesk® Robot™ Structural Analysis: Steel and RC Design

locations where the calculated cracked stiffness of a slab is much smaller than in other locations. In
some situations this may result in having very large area of reinforcement in isolated places across

the slab.

] :
b " Plate/Shell Reinforcement T.... = |

FEEE ¢

X DELETE reinforcement type
= &7 RC floor

& RC shell

& RC wall

6,0

" EN 1992-1-1:2004 AC:2008 Reinforcement Parame...l = éj

Calculation range

Allrwshla walias

Cracking Reinforcement adjust

Deflection [#] Reinforcement adjust

Alternative approach is to reduce the allowable crack width which will result in having much more

uniform distribution of “additional” reinforcement needed to keep cracks below the new limits

which will also reduce the deflection of a slab.

" Plate/Shell Reinforcement T.... = |

n

FROEE & 4

X DELETE reinforcementtype
= &P RC floor
&P RC shell
& RC wall

6,0

.‘ EN 1992-1-1:2004 AC:2008 Reinforcement Parame...l = é

SLS Parameters | Reinforcement

Calculation range

Cracking Reinforcement adjust
Deﬂection DReinforcement adjust
! Allowable values
Deflections: f« 3.0 (cm)
= e
Environment class:
X0 ] ]
Cracking:

whe 0.1 (mm) whks 0.1 (mm)
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RC Slab Provided Reinforcement module
Orientation of a slab imported from a model

The direction is governed by the local X axis of a panel (as defined in a model)

510 (20) S9 (18) SB(16) S7(14)
= =

=" Ol = ="
,

:j* 12 (24) ju(zn) CSJ (10)

3 ET @ @2 “) ms (6) I/—Sl (G
3 ==

0,0 10,0 20,0 30,0
_ 510(20)
e
\:
B 51122) S sa(18)
e / N
= / \
= S12 (24 S14 (28] s8(16
/ (24) (28) \ (16)
3 y N
< -
< S s @ 513 26) 515 (30) S s (14
< S
> | X /
< -
P B N 4
o s2(4) S16(32) S6(12)
D < L e . ¥
O s
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— =i = v \ S3(6) S5.(10)
i N /
B sm)/
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e Punching verification

The check is based on real support (column) size therefore it is required to provide this information
when nodal supports are defined. This can be done in their advanced parameters.

% Support Definition - Advanced

For calculation of plate and shell provided reinforcement, support treated as:

() nodal support

@) column rectangular -

Dimenzions [mm)

a= 500 b= SOOREE

[ Equirvalent elasticity of suppart

Colurnn through bwo stories

Height of the lower column: L1= [rn]
Fixing of the column end: fiwed
Height of the upper column: L2= [rn]
Fixing of the column end: fined

Material parameters:

Young's modulus: E= [MPa)

Paiszon ratio: W= [

[ QK J[ Cancel H Help ]

e Manual definition of reinforcement zones

As program deletes reinforcement bars which are generated in the same place it is recommended to
indicate a basic panel while creating overlapping zones.

[i7 Galauiation Ermrs_ [ | ] %] | = Plate and Shell Reinforceme jmsa = Plate and Shell Reinforceme: m
| e ok ) Bending | = Bending p—
Piastrass Reinforcing zone defintion Reinforcing zone defintion

1| For top reinforcement n the direction of X axis atthe point (0.96, -2.19) ArfAt= 0.51 < 1.0]| Canesl > pdomatic © Automatic

2 | For top reinforcement in the direction of X axis at the point: (0.96, -1.72) A/At = 0.51 < 1.0 - - —

3| For top remforcement in fhe direction of X axis at ihe point. (143, -2.18) AAE= 0.51 < 1.0 Help M s o zenes ko L M iz o zones i Lm fm

4 | For top reiforcement in the direction of ¥ axis atthe point: (.63, 3.95) ArAt = 0.51 <1.0 g Ciiterionaanes aith densely-spaced rein. Ciitsrion-zanes with densely-spaced rei, 5000 | 5

5| For top renforcement in the direction of ¥ axs at the point (6.63, 4.42) Ar/AL= 0.51 < 1.0 jing

6| Fortop reinforcement n the Girection of ¥ axis at the point: (6.63, 3.46) ArtAt = 0.7 < 1.0 | _ _

@ Marual © Manudl

List of possible solutions List of possible soltions:
1 20 G
Bars

Coordnaes B1:62) () o Je? Coordnates p: 52 in) w2

65 08 12027
Basi In f

x o Basic + . nu@ Reinforcement P i Y < crease of A

pane!

zone (cm2im) e panel zone (cm2/m)
name name
. Y eters (em) | At As eters (em) | At ] A | As
| W+ | — | 18 | 200 10.05 [ 1005 5 | 15 | — | 20 | 140 21.04 | 2244 +140
2 |2+ | — | 2 | 250 1257 | 1257 | 0.00 6 | 16+ | — | 0 | 200 15.22 | 15,71 | 048
3 | — | 18 | %0 804 | 804 | 0.00 Mg | 17+ | — | 12 | 250 452 | 452 | 000
4 [ e | — | 12 | 250 330 | 452 | =114 4% amas | — | 16 | 250 774 | 804 | <030

Coordinstes {1: p2) {m | Jp2
— e12m) P

Coordinates p1; p2) m) p[_IP? odily,

Basic Inerease of Reinforcement
v |Zone fenel | # | 5 | Taone (e
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g) Design of RC Walls

The design of provided reinforcement in a vertical panel (wall) can be done either in the same way
as for slab (RC Slab Required Reinforcement calculations in either compression/tension or bending
+ compression tension mode followed by the RC Slab Provided Reinforcement) when its Structure
Object Type is set as Panel or Floor
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or (for selected design codes) in the RC Wall Design module when a panel Structure Object type is
set as Wall. In this case out of the plane bending is neglected.
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Additional references to the discussions on these topics on the Robot Forum:

http://forums.autodesk.com /t5 /robot-structural-analysis/provided-real-reinforcement-bar-

diameter-list-how-to-add-new /td-p/3263604

http://forums.autodesk.com /t5 /robot-structural-analysis /rc-beams-design-of-structure-beam-at-

the-column-face/td-p/3229182

http://forums.autodesk.com/t5 /robot-structural-analysis /beam-design/td-p/3486810

http://forums.autodesk.com /t5 /robot-structural-analysis /rc-beams-primary-beam-secondary-

beam-connection/td-p/3712360

http://forums.autodesk.com /t5 /robot-structural-analysis/dimensionnement-poutre /td-
p/4303006

http://forums.autodesk.com/t5 /robot-structural-analysis/afp-and-support-reinforcement/td-
3330609

http://forums.autodesk.com /t5 /robot-structural-analysis/construction-reinforcement-in-

beams/td-p/3370355

http://forums.autodesk.com /t5 /robot-structural-analysis /robot-2013-crack-width-in-column-

according-to-eurocode/td-p/3400611

http://forums.autodesk.com /t5 /robot-structural-analysis /rc-column-design-iternal-calculation-

nodes/td-p/3518270

http://forums.autodesk.com/t5 /robot-structural-analysis /combined-footings /td-p/3187330

http://forums.autodesk.com /t5 /robot-structural-analysis /combined-footing/td-p /4889394

http://forums.autodesk.com/t5 /robot-structural-analysis /footing /td-p /3417443

http://forums.autodesk.com /t5 /robot-structural-analysis /robot-continuous-foundation-
design/td-p/5030176

http://forums.autodesk.com/t5 /robot-structural-analysis /elastic-and-nonelastic-slab-deflection-

verifications/td-p/3217594

http://forums.autodesk.com/t5 /robot-structural-analysis /how-dose-reinforcement-be-increased-

to-reduce-deflections/td-p/3269435

49
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http://forums.autodesk.com/t5/robot-structural-analysis/how-dose-reinforcement-be-increased-to-reduce-deflections/td-p/3269435
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forums.autodesk.com/t5 /robot-structural-analysis/minimum-reinforcement-on-slabs/td-

p/3729178

http://forums.autodesk.com /t5 /robot-structural-analysis

above-supports-methodology/td-p/3796129

http://forums.autodesk.com/t5 /robot-structural-analysis/slab-punching-check/td-p /3792458

http://forums.autodesk.com /t5/robot-structural-analysis/rc-slab-punching-shear-check/td-

p/4609147

http://forums.autodesk.com /t5 /robot-structural-analysis /design-of-core-wall-by-using-robot/m-

p/3596518

http://forums.autodesk.com /t5/robot-structural-analysis/design-of-core-wall-by-using-robot/m-

p/3596518
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