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Introduction

In many cases, the design of a building involves a typical calculation with only some variation in certain
predefined parameters, such as the buildings dimensions, loading, boundary conditions, etc. Often, the
principle of the analysis in all projects is the same. If all these principles can easily be defined,
parameterized and stored, the design of the building can be made much faster than in the traditional
way of engineering. In Scia Engineer it is easily possible to parameterize structures and save them in a
library for later reuse in other projects. Parameters, such as height of a section, length of a
beam/column, span, cross-section data (including built-up sections), etc. can be easily defined without
the need for programming or scripting. The designer can choose the required structural element from
the library and easily edit its boundary conditions, loads (wind, snow, etc.) according to a chosen code
and the code specific combinations are applied automatically to enable the design of the structure.
Once the structure is defined, Scia Engineer Autodesign capabilities will automatically run the analysis
and find the optimal definition of the structure according to the specific design rules that are chosen by
the user.

Steel and concrete members can be designed individually or within a common set of elements to
satisfy the criteria of the appropriate code. The Autodesign capabilities in Scia Engineer offer a lot of
flexibility. They offer the users different levels of control. They considerably reduce the time needed to
select appropriate sections. For example, the user can select the maximum check value and type of
cross-section, including I-sections, angles and welded sections. Then Scia Engineer will determine the
optimal profile that satisfies the code check. Automatic profile optimization can be applied to all
standard and parametric sections. For parametric sections, the user chooses which parameter -
whether height, flange thickness or other — should be adapted. The program displays the check values
graphically in the 3D view of the structure with colours giving a clear overview of (over-)dimensioned
and (un)satisfactory parts of the construction.



Principles of Autodesign

Once a structure has been designed and calculated, it is the time to perform checking and usually a
kind of optimisation of the original design. Scia Engineer contains a powerful tool for this task. The
optimisation of applied profiles may be done automatically or semi-automatically. The process of
Autodesign results in what may be called an economical and good solution.

Autodesign in general represents a complex task. A full, complete and really "optimal” optimisation
would usually lead to a long and often recursive process. Therefore, Scia Engineer implements a kind
of compromise.

One Autodesign step takes account of a single cross-section only

It is possible to optimise one cross-section at a time. The user selects the cross-section from a list of all
cross-sections used in the structure.

One Autodesign step considers only "selected” members

It is possible to limit the Autodesign process to only a set of selected members. The user may make a
selection to specify which beams of the given cross-section should be considered for the Autodesign
calculations.

One Autodesign step affects the whole structure

Once the optimised cross-section is found, it is applied to ALL members in the structure that are of the
specified cross-section. It is of no importance whether the Autodesign calculation was limited to a
selected number of beams or not. The final effect of the Autodesign is that the original cross-section is
simply replaced with the new, i.e. optimised, cross-section.



Autodesign types

Within Scia Engineer, there are different possibilities that guide you through the optimization process.
The basic option is the use of parameters. Again, almost each entity in Scia Engineer can be covered
by a parameter. Once a project is defined and analyzed, the user can always save the project as a
template for later reuse. More general and very useful tool is the Autodesign tool. This allows the user
to optimize different parts of the structure. With the optimization, one has the option to define relations
between dimensions and specify iteration steps. Last but not least, the defined optimization groups can
be combined in the Overall Autodesign in order to optimize multiple types of members or entire
structure.

Add item

Concrete

‘o Automatic B einforcement Member Design [aMRD)
Steel

- Cross-section AutoDesign

- Fire Riesistance AutoDesign

Carmgated 'web AutoD esign
Steel Connections

‘. Balted Diagonal Autol esign
Timber

. Cross-section AutoDesign
Aluminium

. Cross-zectian AutoDesign
Geotechnics

‘. Pad Foundation AutoDesign
Steel Hall

Frame Height Qptirmizatian

Flange Optimization

Hall Deflection Optimization
“web Ophimization

: Flarge Thickness Optimization
- Simple Frame Optimizatiot

. Frame Optimization

Scia Engineer enables you to perform an optimisation of the whole structure or of its selected part. The
optimisation can be run for steel, concrete, aluminium and timber structures or for steel or timber parts
of multi-material projects. Most of the items there concern the default Autodesign (cross-section steel,
timber, aluminium, fire resistance, corrugated web check) which is the standard Autodesign of cross-
sections that can be found in the appropriate steel, aluminium and other services.
There are several advantages in the overall Autodesign function over the individual Autodesign in
services:

e The ability to Autodesign more than one member at a time.

e The ability to run more than one type of Autodesign at a time (steel, timber, concrete,

aluminum...etc).
e The ability to use an iterative optimization

There are several different Autodesign procedures mentioned in the following table:

Material Autodesign item
Concrete Automatic member reinforcement design (AMRD)
Steel Cross-section AutoDesign
Steel Fire resistance AutoDesign
Steel Corrugated web AutoDesign
Steel Lapped purlin/girt Autodesign (only IBC code)
Steel connection | Bolted diagonal Autodesign
Timber Cross-section Autodesign
Aluminium Cross-section Autodesign




Geotechnics Pad foundation Autodesign

Steel hall In-block Autodesign item

Steel hall Frame - Autodesign manager

Steel hall Frame — CSS height Autodesign
Steel hall Frame - deflection Autodesign

Steel hall Frame - flange Autodesign

Steel hall Frame — web Autodesign

Steel hall Frame - flange thickness Autodesign

It is also possible to perform several of the above mentioned optimisation types and then compare the
results. And it is up to you to select the cross-section types and bolted diagonal connections that are
relevant to your work. It is also your responsibility to think in advance and define and assign to 1D
members as many cross-section types as necessary for a proper design and optimisation of the
project.

Note: In order to perform the Autodesign, calculation must be already performed.




Autodesign manager

As stated in the introduction you may perform several different optimisations. You may run the
Autodesign and compare the results for different parts of the structure, for different optimisation types
(e.g. standard and fire resistance code check). Therefore, all the defined optimisations are stored in the
Autodesign manager. Thus you do not have to define all the Autodesign criteria and parameters again

and again. The Autodesign manager is a standard Scia Engineer database manager with usual
features and functions.

Procedure to open the Autodesign manager
1. Open service Calculation, Mesh.

2. Start (double-click) function Autodesign.

Main bod

- B8 BIM toolbox

- Structure

&gl Load

[#-4& Load cases, Combinations
E—j--- Calculation, mesh

; Check structure data
g Connect members/nodes
J#* Mesh setup

[+ Solver setup

Iﬁ Local mesh refinement
[ Mesh generation
Calculation

-F& Hidden calculation
bl Resuts

----- Be stesl

[-&¥ Drawing Tools
#-§ Libraries
3% Tools

2 |

3. Autodesign manager is opened. Initially it is an empty library with standard library functions (read
from file, save to file and others).

#  Overall Autodesig

Insert Edit Delete [ Optim.Routine ][ Autodesign al ][ Calculate ” Close ]I
4. After defining the procedure (see next chapter) the following dialogue is displayed.




| Overall Autodesign_ =)
Ao wB| oo &l s>l A

Name o1

Selector switch O

Type of loads Combinations

Combinations ULs

Autodesign type Cross-sections steel check

ltems count 1

Autodesign item ltem 1

B Autodesign item |
Cross-section C53-1gh (350; 175; 25; 16; 12L|
Parameter Advanced Autodesign

Edit advanced Autodesian M e

T

B

[ Optim.Routine ][ Autodesign all ][ Calculate ][ Close ]

5. The user is able to optimize the selected Autodesign function using iterative Autodesign clicking on
Optim.Routine. There are two possibilities how to set the number of Autodesign iterations —
Determine automatically or input Limit number of iterations. We can set a number of iterations for

the optimization, or we can let Scia Engineer iterate until an optimum solution is reached.
: ===

Set number of Autodesign iterations

() Determine automatically

(@) Limit number of iterations

3

6. There is also possibility to run all Autodesign functions in one step using Autodesign all.



ltems count

Farameter

Autodesign item
B Autedesign item
Cross-section

Edit advanced Autodesian

Name: o1
Selector switch
Type of loads
Combinations
Atodesion type

[}

Combinations

ULS

Cross-sections steel check
1

ftem 1 R
C53- 1 gh (350: 175. 25, 16 12 = |

Advanced Autodesign

I -

B

[ New |[ inset || Edit | Dekete |

I Optim.Routine I[ HAutodesign al ][ Caleulate ][ Close ]



Defining a new optimisation

Procedure to define and run a new optimisation
1. Start the Autodesign manager.

2. Click button [New] to open the Overall Autodesign dialogue.

Overall Autedesig

Froperty Parameters Picture

Femove lkem I Add item I

Autodeszign Calculation

3. Using button Add item it is possible to add a new item of the optimized structure of structural part.
Overall Autodesign =]

Froperty Farameters Ficture

e E)

Cross-sections steel fire resistance check
Bolted diagonal Autodesign item

Amrd Autodesign item
Items Cross-sections c:orru_ggted web check >

Crozs-sections aluminiurm check.
Frame height AutoDesign
Lapped purlin/girt Autodesign x

Pad foundation check
In-block AutoDesign item
Flange optimization

Hall deflection AutoD ezign
‘wieb optimization

Flange thickness optimization
Simple frame optimization

| Remove ltem | Add item

Autodesign Calculation Cloze

Note — the basic functionality of Autodesign is explained on the first item Cross-sections steel check.

4. The user is asked to select one from the used cross-sections that will be optimized.



Avallable Selected

5. Define the Autodesign _
Overall Autodesign [E)

Property Parameters Ficture
Name 01
Selectorswitch |0 Parameter H ;I
Type ofloads | Combination v || | Use crosssecti... O
Combinations ULS LI Length [mm] 300
Autodesign type | Cross-sectio. . Minimum [mm] 1
ftems count 1 Masdmum [mm] | 1000

Step [mm] 10

Search pattem | Find first ok LI

Direction Up and dom:l

Mazdmal check [1 | 1,00

Autodesign che... | 0.00

Hemoveltem] [ Add item

[ Autodesign ] I Calculation I [ Close

6. Click button [Autodesign] to run the calculation and see its result.

7. If required, click button [Calculation] to re-calculate the model in order to reflect the results of the
optimisation.

8. Depending on what you exactly need and want, you may repeat steps 5 to 7 as many times as
required.

Note: Please note, that pure repetition of Autodesign and Calculation in turns may lead to a "never-ending”
cycle. The Autodesign may find cross-section "A" as optimal. When you perform the calculation, the internal
forces are redistributed to reflect the Autodesign results. When you run Autodesign now, it may find cross-

section "B" as optimal. And another re-calculation once more redistributes the internal forces. And it may
happen that the subsequent Autodesign finds the cross-section "A" as optimal once again. And so on, and so

on, and so on.




todesign pa eters and criteria

This chapter describes all buttons, settings and functionality in details for a typical thin-walled
geometrical section.

Froperty Farameters Ficture
Name 01
Selector switch |0 Parameter H LI
Type of loads | Combination ¥ || | Use crosssecti... |0

Combinations ULS LI Length [mm] 300

Autodesign type | Cross-sectio. Mirimurm [mm] 1

ttems count 1 Madmum [mm] | 1000

Step [mm] 10

Search pattem Find first ok LI
Direction Up and dowr:l
Maximal check [] | 1.00
Autodesign che... | 0.00

Flemoveltem] [ Add item

Autodesign ] | Calculation [ Close ]

Property

Property Parameters Picture
Name El
Selector switch |0 Parameter H LI
Type of loads CombinationLI Use crosssecti.. [
| CEETE ULs x| || Lengthfnmp 300
Autodesign type | Cross-sectio Minimum [mrm] 1
ttems count 1 Maximum [mm] | 1000
Step [mm] 10
Search pattem Find first ok ;I
Direction Up and dowrll
Maximal check [] | 1.00
Autodesign che... |0.00 S
Items
LT
th
| > -
p—
ziﬁ
— X
B
Remaove ltem ] [ Add item
[ Autadesign ] E Calculation | [ Cloze

Name Defines the name of the optimisation (criteria).



Selector switch Enables you to parameterize Autodesign item using a library type of
parameter

Type of loads Autodesign may be performed for load cases, load case
combinations, result classes, etc.

Load Specifies the particular load case, combination, etc. for which the
selected cross-section type will be optimised.

Autodesign type (informative)  Tells the type of the optimisation. Cross-section steel check in this
case

Item count (informative) Shows the number of defined Autodesign items.

Parameters

The displayed parameters depend on type of used cross-section.

Owerall Autodesign ﬁ

Froperty Parameters Ficture
Name o1 Cross-section CS3-Igh(3 «
Selector switch |0 Parameter H ﬂ

Type ofloads | Combination_¥ || || Use cross=ecti.. [0
us ||| Length fm]

AMutodesign type | Cross-sectio. Wirimurm [mm] 1
tems count 1 Medmum [mm] | 1000
Step [mm] 10
Search pattem Find first ok ﬂ |
Direction Up and dowrﬂ
Maimal check [] | 1.00
Mutodesign che... | 0,00 S

Iterms

th
s|> =
E4
=X
—
B
Hemoveltem] [ Add itemn
[ Autodesign ] [ Calculation [ Claze

Autodesign parameters for rolled and cold-formed cross-sections

The user may control the process of Autodesign by means of a set of parameters.

Check parameter

Maximal check This parameter tells the program what is the maximal allowable value for a
satisfactory check.

Maximum unity check  This item shows the found maximal check result for the optimised cross-

section.
Shape parameters for Autodesign
Sort by height The sequence of cross-sections is based on the height.
Sort by A (sectional area) The sequence of cross-sections is based on the sectional
area.
Sort by ly (moment of inertia) The sequence of cross-sections is based on the moment
of inertia.
Buttons for manual Autodesign
Set value This button enables the user to set manually the required value of selected
dimension (see above).
Next down This button finds one-step smaller cross-section according to the defined

shape parameters (see above).



Next up This button finds one-step larger cross-section according to the defined
shape parameters (see above).

Autodesign parameters for welded and solid cross-sections

The user may control the process of Autodesign by means of a set of parameters.
Cross-section Defines the cross-section type to be optimised.

Parameter Selects the dimension (e.g. section depth, width, etc.) that will be
optimised. All dimensions of optimized item are offered for selection.
The optimized item is displayed in the part Items according to the
selected parameters (see above CS3 (H=300)). There is also
possibility to select Advanced Autodesign (for more information
see chapter Edit Advanced Autodesign).

Use cross-section list Enables you to use predefined values of one dimension according
to the list defined in the Cross-section list library. This library is
stored in Libraries > Structure, analysis > Cross-section list.

Main >

=B Libraries -
----- ) Materals
Cross-sections
Setup
----- E Catalogue blocks
----- Fd Mamed tem
=B Stucture, Analysis

1* Crosssection list

i--dL0 Section matri

B Fabricated Css, Productra—

-] Steel i
N e —— )
ds |

There is a possible to define three types of cross-section list (see the following figure). Cross-section
list type Dimension list can be used for Autodesign only.

| Lists of available cross-sectiol
S - A
[ LisT1
Type of list Dimensions
B htems
Dimensions list [mm]

Type of cross-section lis L. || Dimensions list [mm]
Dimensions list [mm]

Dimensiang list [mm]
2] Dimensiang list [mm]
() Rolled cross-sections one type Dimensions list [mm]

() Rolled cross-sections multiple types

[ oK ] [ Cancel ]

Length (informative) Shows the current size of the selected dimension.

Minimum Defines the minimal applicable size for the optimised parameter.
Maximum Defines the maximal applicable size for the optimised parameter.
Step Defines the step for the Autodesign.

Search pattern Combobox (Find first OK / Find from all) - option enabling to find

first solution which fits the requirements or the best from all the
solutions.



Direction Combobox (Up and down / Up) — option that specifies the direction
of searching for the optimized solution.

Maximal check Defines the maximal acceptable value of the unity check of the
optimised cross-section.

Autodesign check (informative) Shows the unity check for the optimised connection.

Edit Advanced Autodesign

This option is seen only if Advanced Autodesign is selected as the parameter. Advanced Autodesign
enables to optimize several or all parameters of a cross-section in one step. It is possible to use
dependencies between parameters and use cross-section list as well.

Advanced Autodeszign

Autodesign | Related to |

B Yes

O No |

O No |

B Yes

O No |
El

O Mo

KNERENENERK

I Select/Deselect All J I Test relations I [ Test css lists

All items are described in the following table.

Item Description

Parameter Parameter which needs to be optimized

Value Value of the optimized parameter

Autodesign Checkbox if the parameter should be optimized or not. Inactive when

Related to is assigned to some parameters

Relation between parameters. Selected (dependent) parameter can be
Related to optimized depending on the optimization of other parameter. Inactive
when Autodesign is YES.

Ratio gives the relation between the optimized parameter and dependent
Ratio parameter, see above (value B calculated as 0.5 * optimized value H).
Inactive when Related to is No.

Link to Cross-section list library. The selected parameter can be optimized
List according to the requirements stored in the Cross-section list library
(dimension list)

Step Defines the step for Autodesign

Min. Defines the minimal applicable size for the optimised parameter

Max Defines the maximal applicable size for the optimised parameter
Picture

The picture shows the shape of the optimised item (cross-section, pad foundation or the symbol of the
bolted diagonal connection etc).



Overall Autcdesi

Property Parameters Picture
Name 01
Selector switch |0 Parameter H Rl
Type of loads | Combination ¥ || | Use crosssecti.. |0
ULS -l |Length[mm] |30
Autodesign type | Cross-sectio. Minimum [mm] 1
ttems court 1 Madmum [mm] | 1000
Step [mm] 10
Search pattem Find first ol LI
Cirection Up and dowr;l
Mapimal check [ | 1.00
Autodesign che... | 0,00 5
Items
L
th
@ | > h
e
i
— X
B
Remove lkem ] [ Add item
Autodesign ] |_ Calculation J [ Cloge

Control buttons

Property Parameters Ficture
Name o1
Selector switch |0 Parameter H LI
Type of loads | Combination v || | Use crosssecti.. O
Combinations L] || | Length fmm] 300
Autodesign type | Cross-sectio. . Minimum [mm] 1
ltems count 1 Madmum [mm] | 1000
Step [mm] 10
Search pattem | Find first ok LI
Direction Up and dowr:l
Maximal check [] | 1.00
Autodesign che... | 0.00 8
Items
L
th
Q| > =
p—
L3
=X
—
B
Remove ltem ] [ Add item
[ Autodesign ] |_ Calculation J [ Close
Autodesign Performs the optimisation for the defined Autodesign items.

Calculation Carries out the calculation for the optimised model.



Concrete — Automatic member reinforcement design (AMRD)

Autodesign of concrete section is the same part as the Reinforcement design performed in the
standard Concrete > Automatic member reinforcement design > Reinforcement design

Autodesign in Concrete service

Concrete X | Properties x
~|[E! Design defaults -~ Automatic member reinforcement design EN 1352 -
=TT 1D member r F
----- (%, Member buckling data
..... 0T Member data MName Automatic member reinforcem. ..
----- 4, concrete slenderness Selection Cument =
= ['_'i Redes (without As) Type of loads Combinations hd
L[ Mew reinforcement Combinations con il
oI Mews stirrups Filter No hd

[ Mew longitudinal reinforcement = Frint explanation of emors and w... | E
-2k Edit reinforcement in section Values Check value

-

==, Add transverse bending reinforcem Extreme Member |

ﬁ Export reinforcement to CAD Drawing setup 10 _

= Automatic member reinforcement desig Saction All |
. ~'E Member data _

------ ‘E'E[ Cross-section characteristics

----- =¥ Internal forces

e 5T Member design - Design
G-By, Member check

By, 5aT_Details .
E— Calculation info EEE
] Concrete setup B
== Preview S

When the user clicks on action button Refresh then the same procedure of Autodesign is performed.
For concrete cross-section the procedure is called Automatic Member Reinforcement Design (AMRD).
The non-prestressed reinforcement is designed in selected beam. Both longitudinal reinforcement and
stirrups are designed.

Theoretical background for AMRD

The non-prestressed reinforcement in beams can be defined manually by the user or it can be
calculated automatically by the program.
The latter designs the reinforcement on the basis of parameters defined in:

e reinforcement template,

e setup dialogue of service Concrete,

e member data related to the automatic design,

e practical reinforcement defined manually.

The automatic design takes into account the combination of bending moments and axial force and
shear forces. It does not include torsion and deflections. It works within the ultimate limit state. The
automatic design can be used for loads cases, ULS (not SLS) combinations and classes with ULS or
ULS+SLS combinations. Concerning the parameters mentioned above, the practical reinforcement is
of the highest priority. That means, if some reinforcement has been defined, the automatic design uses
in the first step the diameter of this practical reinforcement. There is no output to the document. The
results of the automatic design can be reviewed only on the screen in the graphical window and/or in
the Preview window. Of course, the bill of reinforcement can be inserted into the document in order to
show the reinforcement that has been automatically designed. The automatic design uses only the
layers of the reinforcement marked in the reinforcement template. The automatic design is not capable
of adding a new layer in the situation when the required reinforcement cannot be put into just one layer.
Therefore, it may happen that the automatic design can fail.

The basic procedure is the following:

e First, the parameters that may affect the automatic design should be defined. It is necessary to
define reinforcement template for longitudinal reinforcement, which layers can be optimise
during the automatic reinforcement procedure,

e Specify the default parameters in



0 Setup dialogue of service Concrete affecting and controlling the procedure for the
automatic design,

0 member data related to the automatic design, if required. These data overwrites the
default values by member data that are specific for a particular beam.

e During Autodesign the standard design of reinforcement for combination N+My+Mz is
performed (maximal bending moments along whole member are considered for design of
reinforcement). The maximal amount of upper and lower reinforcement is designed.

e The designed reinforcement template is used for checks (Interaction diagram, detailing
provisions). The calculation is evaluated based on the maximal utilisation (check value) in
concrete setup. When the calculated check value is still less than the defined utilisation, then
bars are deleted to achieve the optimal utilisation.

Template preparation

The template used for the Autodesign is prepared in a standard way. One difference is that the
checkbox Automatic member design is switched ON.

Longitudinal reinforcement

[ Delete ] [ Delete all

[ futomatic desion [

Min. number of b... |2

o

Analysis model | Automatic design

Longitunidal reinforcement Mew reinforcement parameters Type of beam Reinforcement layers area
Mumber of bars 2 beams and ribs Selected lapers 402 mm”2
Add bars to comers Profile [rrm] 2.0 Alllayers 804 mm”2

Shirrup name 51 Stirmups Picture properties
[7] Draw dimensions

f Edit stirmups

Callision of bars [

@) Between existing bars

) Move layer 0K ][ Cancel ]

Redraw

Concrete setup

The default settings used for Autodesign are stored in Concrete setup.



B |Type of values - Standard EN Name | Standard EN
Code independernt values i = C_oncrete Concrete
Code dependent values & B- G:eneral Allowable stress
(=} Calculation Detailing provisions
- General B | Reinf i and reinf rt desigr
- Colurnris E |Automatic reinforcement design
i Beams B G 1
= U;LSI eraction di Maximal exploitation of cross-section [%] 50
E, ;hee:c ioh diagrarn g el reird
1D stuctures Minimal length of bars [m] | 0,50
Construction joirt Check min. number of longitudinal bars above ... |E yes
o} Details Minimal number of longitudinal bars above sup... | 30
- Anchorage check Try to reduce length of bars B yes
.. Beating checks Minimal number of reduced bars in a reinf. layer _2
. Fire resistance Maximal number of bigger diameterthanthe d... 2
=-5LS Da not use "Neighboring” diameters O no
- Creep B Stimups
- Crack proof Minimal centerto-center distance for stimups [... | 50,0
- Code Dependent Deflections Minimal reduction length | By length
- Allowable stress Minimal length of one stimup part fmm] | 1000.0
Calculation Minimal number of stimups in one stimup part 5
(=) Detailing provisions Step for reduction [mm] | 50.0
- Common detailing provisions T e et o i IO o
e elumns Prestressing post-tensioned
D Ei?;?:sistance s soclion characienals
. General Warrings and ez
- Caluming
i Beams
- Blabs

- Reinforcement and reinforcement design

L Anbamshe rainfarrarnant dacian

ey

Member data for the automatic reinforcement design
The member data used for AMRD looks like this:

Properties =

Conc:'ete autodesign data (1) -

Reirnforcement template LR_B_R1 v| |
2 | Longitudinal reinf nt
Try to reduce length of bars B yes
Maximal number of bigger dia... |2
Do not use "Meigboring” diam... |0 no

B Stimups

Mirimal stimups distance [mm] | 50,0

Stimups step [mm] 500

Try to create symmetrical stimu... O no

Member B1
Load default values B
Concrete Setup B

General

Max. exploitation of cross- Specifies the maximal utilisation of the cross-section in

section the automatically reinforced beam. The value may be
between 1 and 100%.

Reinforcement template Shows the used reinforcement template. Note: This item
appears in the dialogue ONLY when the already defined
member data are edited. If the member data are being
assigned to a new member, this item is not accessible.

Longitudinal reinforcement

Try to reduce length of bars If OFF, the program uses only bars that extent over the
whole length of the beam.




If ON, some bars may be shortened if the unity check is
satisfied without them.

Maximal number of bigger
diameters than the default

Defines how many different (bigger) diameters of the
reinforcement can be used for the optimisation. Let us
assume that the default diameter specified in the Design
default tab is 10mm. If this parameter is set to 2, the
program can use diameters 10, 12 (i.e. +1 item in the
manufacturing programme) and 14 (i.e. +2 item in the
manufacturing programme) for the design.

Do not use "Neighbouring
bars

Some standards recommend that "neighbouring” profiles
from the manufacturing programme should not be used
in one beam (in order to avoid unintentional interchange
of the profiles). Let us assume that the default diameter
specified in the Design default tab is 10mm. Further
assume that Maximal number of bigger diameters than
the default is set to 2. If this option is ON, the following
bars can be inserted into the beam: (i) either 10mm, (ii)
or 12mm, (iii) or 14mm, (iv) or 210mm and 14mm can be
combined together. 10mm and 12mm are not permitted
to be combined in one beam

Stirrups

Minimal stirrups distance

Specifies the minimal distance between stirrups
measured from the centre of a bar to the centre of an
adjacent bar.

Stirrups step

Defines the step for the reduction of the distance
between two adjacent stirrups. This ensures that the
distance between stirrups is always a "rounded" number
—e.g. 200mm, then 250mm, then 300mm, etc. (and not
e.g. 200, 246mm, 298mm, etc.).

Try to create symmetrical
stirrups parts

This parameter may enforce that the stirrup parts are
symmetrical along the length of the beam.

Member (informative only)

Shows the name of the beam where the member data
are assigned to




lllustrative example

Let us consider a very simple example of concrete frame. The structure is subjected to several loads

(selfweight, permanent, variable, wind etc.). The aim of this example is to find the optimal
reinforcement pattern in the continuous horizontal member of the frame.

Tonerete 10 a0ta
Cancrete autooesian aata

© B2 ©®
0

®
L

@

b

One Autodesign function with type AMRD Autodesign is defined and reinforcement pattern for beam

Concrete 10 doto ] |
pd

Consrete 10 dot

@ B34 ©
T T

S

Cancrets 10 dol

@ B4 g ©
T T

S

B1 is optimized. No additional settings related to parameters are defined for this case. Possibly AMRD

data can be defined on the beam only.

e T Y

Froperty Parameters
Name a1 Selection
Type of loads Combination +
Combinations ol ¥ Autodesign
Autodesigntype | Amrd Autods.
tems count 1

Iterns

[ Remove [tem ] [ Add itern ]

Selected

Autodesign ] [ Calculation ] [

Autodesign starts after pressing button Autodesign all.
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25
A LBE 9> & EH| A BY
o1 [Name |01
Type of loads Combinations R4
Combinations co LI
Autodesign type Amrd Autodesign tem
ftems court 1
Autodesign item ftem 1 -
B Autodesign item
Selection List
List
Autodesign Mo
’ MNew ” Insert ” Edit ” Delete ] ’ Cptim.Routine “ Autodesign all |[ Calculate ” Close ]

The obtained results of designed reinforcement for beam B1 are the following. The reinforcement is

automatically designed and input on beam B1. You can see higher density of stirrups near the supports
and additional longitudinal bars in the span and above the middle support.
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| | | uﬁ ﬁ' T default

- T default
S

[ Type Name [ selection | Autodesi
| Overal Autodesign AMRD tem [List [ Yes

The results can be verified in the standard concrete checks:

e Check capacity (max check value 0,97)
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Steel — Cross-section AutoDesign

Autodesign of cross-section steel check is the same part as the Autodesign located in the standard

Steel >ULS Check> Check.

Autodesign in Steel service

Steel Properties
EH; — Check of steel (1)
ZE steel Setup
- =] Haunch Name EC 3
gb ”‘Sb;’ Fhe*bda‘: . Selection Al
5 = member o Type of loads Load cases
(17 Member buckling data Toad | LC1
i LTB Restraints = :
i Stiffeners Fiter Cross-section
#4 Diaphragms Cross-section C51 - Tube (70; 10}
I Local Transverse Forces data Values un check
-8 Links Exdreme Member
----- [ steel slenderness Output Brief
B&J ULS Checks Drawing setup 10
" Check Section Al

: X SINbeam check
.= 55 Checks - Relative deformation

[ mew |

Lele eladalelalelels

Single Check
Autodesign
Split C55
Unify CSS

Oa
)

Preview

When user clicks on action button Autodesign then the following dialogue is displayed. The dialogue is

Autodezign
M aximal check

M asirmurn unity check: 0E32

Edit constraints Infa

Edit Change

Mest up

) {
) {
) {

[
[
[ Next down
[

Search for optimal

Direction Up

Parameter

B

i - dimension: D

a bit different than the one used in the general Autodesign dialogue but the functionality is the same.
R e .

Param.

Value |N.rtodesigr1 | Related to

Raio | Lst | Step

D 70 [ Yes No

No

~| 10

Set valus ] | Select/Deselect Al

Test relations

Cancel ]

We will focus on Autodesign running fr
same settings in Autodesign a eind

Autodesign service in this case. Generally, results based on the
ual service have to be the same.




lllustrative example

Let us consider a very simple example of a steel truss girder for Autodesign. The structure is shown in
the following figure. The structure is subject to four point loads acting on the bottom chord. The aim of
this example is to find the optimal dimensions of two tubular cross-sections. The initial dimensions of
the tubular cross-sections are:

Cross-section | t[mm] | D [mm]
CS1 - tube 12 84
CS2 - tube 10 62.5

The Autodesign function is defined for each of the cross-sections. You can see the settings for CS1 —
Tube,

Overall Autodesign X5
Froperty FParameters Ficture

Name o1 Cross-section |CS1 - Tube { x|
Selector switch |0 Parameter Advanced Al v |
Typeofloads | Load cases ¥ Edit advanced ... =
Load cases | LC1 > Direction Up and dOWTLI
Autodesign type | Cross-sectio... Mapdmal check [ 1,00

ttems court i Autodesign che... | 069

Param. Value HAutodesign | Related to |
D 8 0 No t x| 700 N
H Yes No

[Hemoveltem] [ Add item ]

and for the CS2 — Tube. The advanced Autodesign is used for both cross-sections. Thickness of the
tube (t) is optimized (Autodesign is YES) and the diameter (D) depends on the thickness (Related to t
through the defined ratio).
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Property Parameters Picture
Name 02 Cross-section |C52 - Tube { *|
Selector switch |0 Parameter Advanced A v |
Type of loads | Load cases ﬂ Edit advanced ... o]
Load cases | LE] - Direction Up and dowr |
Autodesigntype | Cross-sechio.. Mapdmal check [ 1.00
ftems count |1 Autodesign che... | 0.53

Param Value HAutodesign | Related to |
1D 63 0 No t | 825 Mo -
2 |t 10 [ Yes No No ¥ 1 1 100

[ Remove ltem ] [ Add item ]

Autodesign of both cross-sections can be run in one step using Autodesign all..

ommmoe NS (=

A BE| 9 & EE A BEY
o1 [Name |02 -]
02 Selector switch [m}
Type of loads Load cases LI
Load cases LC1 |
Autodesign type Cross-sections steel check £
ltems count 1
Autodesign item ltem 1 ;l
B | Autodesign item
Cross-section C52 - Tube (63; 10) |
Parameter Advanced Autodesign
Edit advanced Autodesian =

| Optim Routine |[ Autodesign all || Calculate || Close |

[ om
| I default

Cross-section Parameter Original cross-section | Autodesign of cross-section | Autodesign check
CS1- Tube (70; 10) |Advanced Autodesign | CS1- Tube (84; 12) | CS1- Tube (70; 10) - 0,69
2.02

Cross-section Parameter Original cross-section | Autodesign of cross-section | Autodesign check 3
CS2 - Tube (50; 8) | Advanced Autodesign | CS2 - Tube (63; 10) | CS2- Tube (50; 8) 5 0,65




The comparison of the dimensions is in the following table.

Initial Optimized

Cross-section
t[mm] | D[mm] | t [mm] | D [mm]

CS1 - tube 12 84 10 70
CS2 - tube 10 62.5 8 50

Evaluation of the steel unity check along the beam is compared in the following figures.

'K’_f/ : X\ \ i s §
s ‘-fr o X, & }T)
Evaluation of steel check for initial cross-section dimensions
© el .
o a o ™
(=) ‘ [a)
1 1
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) / )
Vg 65 , / 097§
7 i LR b 3
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Evaluation of steel check for optimized cross-section dimensions

O
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Steel - Fire resistance AutoDesign

Autodesign of steel fire resistance check is the same part as the Autodesign located in the standard
Steel > ULS Check > Check - Fire resistance.

Autodesign in Steel service

Steel x
1| [check of steel -fire resistance (1) - | fud 7 il
-7 Haunch L
= |» Member Check data Name Fire resistance - EC 3
2 Steel member data Selaction Al hd
E% Member budding data Type of loads Combinations hd
[l LTB Restraints Combinations Fire |~
¥ Stiffeners Filter Mo -
-#4 Diaphragms Values un.check LI
-1 Local Transverse Forces data = Extreme Member -
gE,g Fire resistance 0 Output Momal -
E Links Drawing setup 10 —
----- (4, steel slenderness Section Al hd
B ULS Checks
By Check
. wE SINbeam check .
\..== 515 Checks - Relative deformation - Sinde Ched( 22
Autodesign 22>
[ mew || close Splt C55 222
[ New | s -
Oa | M Preview 22>

When the user clicks on action button Autodesign then the following dialogue is opened. The dialogue
is a bit different from the one used in the general Autodesign, but the functionality is the same.
Autodesign of the cross-section =)

Autodesign
I aximal check 1

b amimumm unity check: 0.400

| Edit constraints | Infa

E dit

[
[ Change
[

[ ]
[ Mext down ]
[

Search for optimal

]
]
MNext up ]
]

Parameter

1 - catalogus: HEB400 v]

Param. Autodesign
| sections E Yes

Set value ] | Select/Deselect Al | | Test relations

lllustrative example

Let us consider a very simple example of a steel beam with HEB400 cross-section for Autodesign.
The structure is subject to the uniform load and to the axial force at one end. The aim of this example is
to find the optimal height of the cross-section.



FireResistance B1

L
2

The accidental combination has to be defined. The fire resistance data are used as defined on the
following figure.

# | Combinations
E’% _g | Ky ([ | 5 | Input combinations
uLs [Name [ Fire
R v
Type EN-Accidental 1
Active coefficients O
Bl | Contents of combination
LC1H Time resistance [sec
Buckling ratio ky i}
Buckling ratio kz 0
Fire exposure All sides -
Protection MNo Rl
Explode to envelopes k2 0.85
Explode to linear Temperature-Time curve By setup LI
[Con ) oot ) 5t J[owe) pereer .

The Autodesign function is defined for HEB400 cross-section. The cross-section is rolled therefore the

properties of Autodesign for rolled cross-section are used. You can see the settings for CS1 — Tube,
Overall Autodesig

Property Parameters Picture
Name Fire: Cross-section Steel - HEB4
Type of loads Combination v | HEB4DD  ~|
Combinations | Fire | | Use crosssecti. [
Autodesign type | Cross-sectio Rolled HEB400
ltems count 1 Sort by Height

Starting CS5 Actual
Search pattem | Find first ok
Direction Up
Maximal check [ | 1.00
Autodesign che... | 0.00

[EAKAERE

Remove Item Add item

[ Autodesign ] [ Calculation ] I Close I

Autodesign of both cross-sections can be run in one step using Autodesign all.
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L= |
Al ek oo & A Y
Fire MName Fire
Type of loads Combinations LI
Combinations Fire LI
Autodesign type Cross-sections steel fire resistance...
ltems count 1
Autodesign item ltem 1 LI
B Autodesign item
Cross-section Steel - HEB400 |
Parameter HEB400
Use cross-section list O
Rolled HEE400
Sort by Height
Starting C55 Actual
Search pattem Find first ok
Direction Up
Mazdmal check [] 1.00
Autodesign check [] 0.00
Mumber of Autodesign: 1.
Start ] [ Cancel ]
[ New ][ Inzert ][ Edit ][ Delete ] [ Optim.Routine “ Autodesign all ” Calculate ][ Close ]

The results are automatically printed in preview.

1. Fire
Cross-section Parameter | Sort by | Original cross-section | Autodesign of cross-section | Autodesign check
[-]
Steel - HEB300 |HEB300 Height | Steel - HEB300 Steel - HEB300 0,86

The comparison of initial and optimized values of cross-section is clear from the following table. Initially
HEB400 was used and the optimal cross-section is HEB300.

Initial Optimized
8 | Cross-section _
I — T
Tyoe HEB4TD
7z Bl Source and Type...
Source descrption | Profil Abed
Type description European wi
B Parameters
Materal $235
I sections HEB4OD
Profile Libraryfiter | All cross-secli Profie Lbraryfiter Al eman ance|
B General &l General
Draw colour Nomal colour Deam cokour Nomal coloul
Colour — Colour —
Fibre text z00m 10 Fiae trat zeem ]
v Propeties ediable 1 v Froperies eitatle O
v Bucking ediable o v Bucking sdtable 8]
Bucking yy a Bucking yy
Bucking 22 b Bucking -2 :
Fabrication rolled Fabocanon relledd
Edit named items FEclt named tems
B Property reductio.... r O Propesty reducdio...
N Use reduction factors 1
Bl Propenty ]
A2 1
Ay m"21 1.2310e-02 38
oo
Picture | Fibres | Warping ines | Shear p | Shear 2 | Centie fines | Siiffener | Fienee | Fibies | Watpng ines | Shear s | Shesrz | Cenne ines | Siferer E

Evaluation of the rolled cross-section unity check along the beam is compared in the following figures.

The first figure together with table is for the initial cross-section.

=]
ey

[}

_\\\

FireResistance B1 \

| /’H‘\ B1/Stesl




Check of steel - fire resistance

Type Name Case Member css mat dx un.check | sec.check | stab.check

[m] [ | |

Check of steel - fire resistance | Fire/1 B1 Steel - HEB400 | S 235 3,000 0,40 0,33 0,40

The second figure together with table is for the optimized cross-section.

/ | FireResistance B1

f"{“'\ B1/Stedl

Check of steel - fire resistance

Type Name Case Member css mat dx un.check | sec.check | stab.check
[m] [-] [ [-]

Check of steel - fire resistance | Fire/1 B1 Steel - HEB300 | S 235 3,000 0,86 0,70 0,86

Evaluation of steel check for optimized cross-section dimensions



Steel - Corrugated web AutoDesign

Autodesign of corrugated cross-section check is the same part as the Autodesign located in the
standard Steel > ULS Check > SIN beam check.

Autodesign in SIN beam check service

Steel ¥ | Properties b4
-8 Steel Setup F
-3 Haunch
= |* Member Check data Name SIN beam check
—HE Steel member data Selection Al
-{]% Member buckling data Type of loads Load cases
-Jif® LTE Restraints Load cases LC1
-0 Stiffeners Filter Mo
-4 Diaphragms E Components Al
b Local Transverse Forces data Walues Un. checlk web
~{)fly Fire resistance Extreme Global
~{H] Links Drawing setup 10
----- 11 steel slenderness Section Al
=By ULS Checks
By, Check
R Check - fire resistance P
. == 515 Checks - Relative deformation
EIFP Connections 7
Mew || Close
= |

When the user clicks on action button Autodesign then the following dialogue appears. The dialogue is
a bit different from the one used in the general Autodesign dialogue but the functionality is the same.
st ’

Autodesign
Bb 300

Maximal check 1

b aximum unity check: 0.330

Edit constraints Info

)
Edit ] [ Change
Next down ] [

]
Mest up } e
J

[
[
[
[

1
Search for optimal :
1
Direction Up & down v Nu‘l
1

-

Parameter

Advanced Autodesign - ]

Param. Value ‘N.rtodesign| Related to | Ratio
Bz 300 O No No 1.00 Na
tha 12 O No No 1.00 Na
Bb 300 O No No 100 | Ne
thb 12 O No No 100 | Ne
w 155 O No No 1.00 Na
Hw 276 O No No 1.00 No
] O Ne No 1.00 Na

Lol lelefa]a]e]
KN KN KN KN KN KR EN

Set value Select/Deselect Al ] [ Test relations

We will focus on Autodesign running from the Autodesign service in this case. Generally, results based on the
settings in Autodesign and in the individual service have to be the same.




lllustrative example

Let us consider a very simple example of a steel beam with corrugated cross-section for Autodesign.
The structure is subject to the uniform load and to the axial force at one end. The aim of this example is
to find the optimal dimensions of the corrugated SIN cross-section.

~l0gg

The Autodesign function is defined for this cross-section. You can see the settings on the following
figure.

Overall Autodesign [ 23 J
Property Parameters Picture
Name Comugat Cross-section Comugated - v |
Type of loads Combinationll Parameter Advanced A ~ | Bb
Combinations ULS ;I o] =
Autodesign type | Cross-sectio. Direction Up and dowr v | —
tems count 1 Maximal check [ | 1.00 !
Autodesign che... | 0,00 : |
Companents Upperﬂangell : :
tha !
5 =
v -
Items >i-:
1. Conugated [Advance odesi T

|Pd.rtcdesign | Related to | 8
B Yes No N =] 10 1000
O No No ~| 1 N -] 0 1000
BYs Mo N  ~| 10 1000
O No N | 100 [N | 10 1000
O No N | 1, |
O No No | =l
O No No | ~|
[ Hemoveltem] [ Add itern ] Test relations ] [ Test css lists ] [ OK ] [ Cancel ]

In this case the Advanced Autodesign is selected. The settings are made according to the figure
above. The properties are similar to the standard steel code check.
Autodesign can be run in one step using Autodesign all.
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B2i ¢ BB 9 S SH a ]
Corrugat |Name | Comugat
Type of loads Combinations hd
Combinations ULs hd
Autodesign type Cross-sections comugated web ch...
ltems count 1
Autodesian item ltem 1 ;I
B | Autodesign item
Cross-section Comugated - SIN1 {300; 12; 300; ;l
Parameter Advanced Autodesign
Edit advanced Autodesign _I
Direction Up and down
Masimal chech [] 1.00
Autodesign check [] 0.00
Components Upper flange

Mumber of Autodesign: 1.

The results are automatically printed in preview.

Sl =50 » 20% 2 0 G | T aefau
1. Corrugat

FH default

Cros s-secfion Parameter Direction Maximal chechk Autodesign check Original cr cti A i of cn cfi
[ [

Corrugated - SIN1 (220; 12; 220; 12; 155; 196; 178) Advanced Autodesign Up and down 1,00 0,97 | Corrugated - SIN1

(300; 12; 300; 12; 220; 12; 155; 196; 178)
155; 276, 178)

Comugated - SIN1 (220; 12;

The comparison of the initial and optimized values of the corrugated cross-section is clear from the
following table.

Initial Optimized
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Evaluation of the SIN beam unity check along the beam is compared in the following figures. The first
figure together with the table is for the initial cross-section.

B2/ Corrugaten

P‘l
SIN beam check

Linear calculation, Extreme : Global
Selection - All

Combinations : ULS

SIN beam check

SIN beam checks - outer flange

SIN beam checks - Summary
Unity Check - OK - satisfies. (0.380)

The second figure together with the table is for the optimized cross-section.

| B2/ Cortugated

[
(3}

o

Member name | Dx |Load case | N.Ed |My,Ed (Vz,Ed | c top | ke top| Ned - Ny Ngl NI Max unity check
[m] [kN] |[kNm] | [kN] | [m] [] [kN] [kN] [kN] [kN] [
B2 0,000 | ULSHM -13,50| 0,00|4050(6,000( 1,00 -B,75|846,00|573,38|846,00 0,
B2 3,000 |ULSHM -13,50| 60,7/5| 0,00|6,000| 1,00|-21769 |8465,00|573,38 | 846,00 0,38
SIN beam checks - inner flange
Member name | Dx |Load case | N.Ed |My,Ed (Vz,Ed | ¢ bot | ke bot| Ned + | Ned - Ny Ngl NI Max unity check
[m] [kN] | [kNm] | [kN] | [m] [ [kN] | [kN] | [KN] [kN] [kN] -]
B2 0,000 | ULSH 13,50 0,00|4050|6,000| 1,00 6,75 | 846,00 | 573,38 [ 846,00 0,01
B2 3,000 |ULSM 13,50 60,75| 0,00|6,000( 1,00]|20419 846,00 0,24
SIN beam checks - web
Member name | Dx |Load case h Vz,Ed | V_web Vird Max unity check
[m] [m] | [kN] kN [kN] [
B2 0,000 | ULSM 0,288 | 40,50 40,50 | 44936 0,09
B2 3,000 | ULSM 0,288| 0,00 0,00 44936 0,00




SIN beam ch

Linear calculation, Extreme : Global

Selection - All

eck

Combinations : ULS

SIN beam check

SIN beam checks - outer flange

SIN beam checks - Summary

Unity Check - OK - satisfies. (0.969)

Member name | Dx |(Load case | NEd |My,Ed|VzEd |c top |kc top| Ned - Ny Ngl NI Max unity check
[m] [kN] | [kNm] | [kN] | [m] [ [KN] [kN] [kN] [kN] [-]
B2 0,000 {ULSA -13,50 | 0,00|4050|6,000| 1,00| -6,75|620,40 3083562040 0,02
B2 3,000 |ULSAH -13,50| 60,75 | 0,00 (6,000 | 1,00|-29882 |620,40|30835|62040 0,97
SIN beam checks - inner flange
Member name | Dx |(Load case | NEd |My,Ed |VzEd |c bot|kc bot| Ned + |Ned-| Ny Ngl NI Max unity check
[m] [KN] |[kNm] | [kN] | [m] [ [kN] | [kN] | [KN] [kN] [kN] L1
B2 0,000 {ULSA -13,50 | 0,00|4050|6,000| 1,00 6,75 (620,40 | 308,35 | 620,40 0,02
B2 3,000 |ULSAH -13,50| 60,75| 0,00 (6,000 1,00]28532 620,40 0,46
SIN beam checks - web
Member name | Dx |Load case h |Vz,Ed| V_web Vrd Max unity check
[m] [m] | [kN] [kN] [kN] [
B2 0,000 {ULSA 0,208 | 40,50 40,50 31911 0,13
B2 3,000 |ULSAH 0,208| 0,00 0,001 3191 0,00




Steel - Lapped purlin/girt AutoDesign (only IBC code)

Generally, there is special Autodesign available only for NAS 2007 check for purlins (ASD or LRFD
code). The algorithm changes either the cross-section or the length of the overlap. The Autodesign of
lapped purlins is the same part as the Autodesign located in the standard Steel > ULS Check > Check
LRFD resistance.

Autodesign in Check LRFD service

Steel = Properties x
= Beams [checkormee () ~[\G V|
Setup m
=] Haunch
-] Member Check data Name Steel IBC - LRFD -
: Steel member data Selection Al LI
{19 Member bucking data Type of loads Combinations |
i} LTE Restraints Combinatiors cot Rl
I Stiffeners Fiter No |z
-## Diaphragms Values un.check |
B Web crippling data Extreme Section |
B Overlap data Output Deetailed |
----- [H) Steel slenderness Drawing setup 1D _I
=-Bhy ULS Checks inn Al =k
By Check asD e
" Check LRFD -
“== 5LS Checks - Relative deformation Single Check A
Autodesign B
e Split CSS e
[ ten |[Glse ] o o8 222
= M Preview P

When the user clicks on action button Autodesign then the following dialogue is shown. The dialogue is
a bit different from the one used in the general Autodesign dialogue but the functionality is the same.

"Autodesign of the cross-section [

Autodesign
M awimal check

I aximum unity check: 2948

Edit constraints Infa

| |
Edit ] [ Change
J

Mext Lup

| ]
[ ]
[ Nest down ]
[ ]

Search for optimal

Parameter

1 - catalogue: C[ICEC)203<E5:= V]

Param. | Value Autodesign
Cold formed C sections | C{ICEC)203X65X65X... [ Yes

Set value ] | Select/Desslectan | | Test relations

lllustrative example

Let us consider a very simple example of a continuous steel purlin made of a cold formed C section for
Autodesign. The purlin overlap should be designed for bending moment 20kNm. The aim of this
example is to find the optimal height of the cross-section or length of the overlap.



The Autodesign function is defined for the cold-formed C section. The cross-section is cold formed

therefore the properties of Autodesign for rolled and cold formed cross-section are used. You can see

the settings in the following figure.
Overal Autodesign

Froperty Farameters Picture

|Neme  [O1 | | Crosssection  |C51-C203%.

Selecorswitch 0 | |Porameter | CICEC)2032

Typecfloads | “Combination ¥ || | Use crosssecti... B I

Combinations | CO1 | | Fiterlist |usTt x|

Autodesigntype | Leppec pur.. | | Sortby Height - | >

femscount |1 | | SotngCss  Actual v ILQ
Seach patir_ Findfist ok X
Maximal check [ | 1.00
Autodesign che... | 1.01

Iternz

.'I-'ype of check LF{FD :_v_[

| Valuelmm] | Autodesign i | Sepom] | Mnom] | Max fom] |
100000 |® Yes [No 250,00 0.00 5000.00

[Hemoveltem] [ Add item

The additional properties are:
Type of check itis possible to select between ASD code and LRFD code

Edit Lap length  Autodesign settings for the overlap

The following cross-sections are inserted to the Cross-section list.



8| Lists of available cross-sections.

Ak e o8 E@

Type of ligt Rolled

Form code 114

Fom code name Cold formed C sections

Code name C{ICEC)

B tems

Rolled cross-sections CICEC)165X65X65X19X1.55
Rolled cross-sections C{ICECY165XB5X65X20X1.75
Rolled cross-sections CICEC)165X65X65X20X2 |
Rolled cross-sections CIICEC)165X65X65X20X2.25
Rolled cross-sections C{ICECY165XB5KX65X21X2 .65
Rolled cross-sections CICEC)165X65X65X22X3 |
Rolled cross-sections C(ICEC)203X65X65X19X1.55

Folled cross-sections
Ralled cross-sections
Ralled cross-sections
Folled cross-sections
Ralled cross-sections
Ralled cross-sections
Folled cross-sections
Ralled cross-sections
Ralled cross-sections
Rolled cross-sections C{ICEC)255.

Ralled cross-sections C{ICEC)255
Rolled cross-sections C{ICEC)300X80X20X19X1.55
Rolled cross-sections C{CEC)300XB0XBOX20X1.75

Ralled cross-sections
Ralled cross-sections
Folled cross-sections
Ralled cross-sections

In fact the lapped purlin Autodesign decides between the cross-section change and length change.
The cross-section optimization of the whole member is already included. Note that in the example, a
fixed list was used to avoid a change in cross-section so specifically the change in length could be
tested.

Autodesign of both cross
¥ Overall Autodesign

sections can be run in one step using Autodesign all.
A e

A emBk oS EHE A Bv
Lapped Name C555teel -
CS55teel Selector switch O
Type of loads Combinations -
Combinations Co1 j
Autodesign type Cross-sections steel check
ttems count 1
Autodesign item | ttem 1 LI
B Autodesign item
Cross-section CS1-C20IXEEXE5X23N3  ~||E
Parameter C{ICEC)203X65XB5X23X3
Use cross-section list &=
Filter list LIST1
Sort by Height
Starting CS5 Actual
Search pattem Find first ok
Direction Up and down | M
Maximal check []
Autodesian check 0.00 ¥

Mumber of Autodesign: 2,

[ New ][ Inset || Edt || Delete | [ Optim.Routine || Autodesignal || Calcuiate |[ Close |

The results are automatically printed in preview.




1. Lapped

Cros s-section Parameter Sort by | Filter list | Autodesign check | Type of check

CS1- C300X¥80X80X¥23K3 | CCEC)300XB0KB0X23K3 [ Height LIST1 081 |LRFD
2, C55Steal

Cross-section Parameter Sort by | Filter list Original cross-section Autodesign of Autodesion

Cros s-section check
-1

C31- CCEC)300XB0X20x233 [Height LIET1 Cs81- c31- 096
C3I00X80X30X23X3 C255X70XT0X21X¥2.65 [ CI00X80X30X23X3

The comparison of the initial and optimized values of the cross-section is clear from the following table.
The length of the overlap increased from 1000 to 2500mm.

Initial Optimized
——
I——T ' s
Selecior gwach [ Sebeclor pwich o
i Type 7 e
B Source and Type... O Sowrce and Type..
Souve dewnoton Sourve desaption
l Trioe dewcriotion 1 Tyue descption
B Paromcters O Poramelors
Moeensd A6 Husteral A%
Cakd fomed C sectans x Cold formed € pecions x
Profie Lbrary fer A cosssecons Prfie Lbvary lRer | Al cross-sections
B General O Gawmoral
r~ Dvaw cokour ol colour I~ Draw cokour Nomal colour
£ Coknr — .. Colons ——
Y Fibre teat s00m 1.0 - Y 1 Florm lad s0m 1.0
— Propenies sdtnbin (=] v - Propuertion ecitnbin o
Bucking edtabie 1] Hucklng nc abin a
Buckng vy b Buckling pay B
Butkdng 12 b Bucking 2 b
Fabrcaon o fomed Fabreaten cokd fomed
Edt named tems. et rusrrond Bwer
B Cold lomed O Caslel Femest
O Wi shaps: O tsitid shuaper
J Enable L Frobi ]
Edt gl shees j L Ect initial shogoe:
Erpunt Updale o Ewot | | Updaw | [ Dol
Pichure | Fiets | Warpngines | Shasy | Shea 2 | Conte ine | Inkil chage T3 Pictue | Fiboes | Wasgang brms | Sheas y | Sheas 2 | Canle bres | Indial shape e [d

Evaluation of the rolled cross-section unity check along the beam is compared in the following figures.
The first figure together with the table is for the initial cross-section.

u u7

(%3] [

) o

Lpp1 / 1000,0
%
Check of steel
Linear calculation, Extreme : Member
Selection © All
Combinations : CO1
Case Member CssS mat dx un.check
[m] [-]

coi1 |B1 CS1- CICEC)203X65X65X23X3 [A36 5,400 2,95
CO11 |B2 CS1- CICEC)203X65X65X23X3 | A36 0,600 295

The second figure together with the table is for the optimized cross-section.

0,94

0,94

2500,0




Check of steel

Linear calculation, Extreme : Member

Selection © All
Combinations - CO1
Case Member CSS mat dx un.check
[m] [-]
cOo11 | B1 CS1- CCEC)300X80X80X23X3 |A36 4 200 0,94
cOo11 |B2 CS1- CICEC)300X80X80X23X3 | A36 1,800 0,94




Steel connection - Bolted diagonal AutoDesign

Autodesign of bolted diagonal is the same part as the Autodesign located in the standard Steel >
Connections > Bolted diagonal.

Autodesign in Bolted diagonal service
SR | properties

EIFF Beams
S Steel Setup
- Haunch
= | Member Check data
Steel member data Connection type Bolted diagonal
% Member buckling data Type of loads Combinations LI
i LTB Restraints Combinationss LS |
- Stiffeners B Bolts
-7 Diaphragms Bolts M12-486 'l I
b Local Transverse Forces data Eolts arade 46
ﬂg? Fire resistance Number of bolts 1
E] Links B Gusset properties
----- [} steel slenderness Gusset material 5235 .|
By ULS Chedks Thickness m] D.008
----- — 5.5 F:hed<s - Relative deformation Throat size [m] D.004
Bf? Connectlonsl Double lsg O
| Conneons Setup Output Brik ;I
Bolted diagonal Edit bolted diagonal _I
B| Bolted diagonal - bolt operations =
“BE check Node N7 ]
Diagonal B2 [Diagonal - HFLeqg 100 100:xE]
Layer of diagonal Layer
Open Preview EEE
Resutts LS
== Autodesign EFSS

When the user clicks on action button Autodesign then the following dialogue appears. The dialogue is
a bit different than the one used in the general Autodesign dialogue but the functionality is the same.

We will focus on Autodesign running from Autodesign service in this case. Generally, results based on the

same settings in Autodesign and in the individual service have to be the same.



lllustrative example

Let us consider a very simple example of a steel frame with bolted diagonals for Autodesign. The
structure is subject to the uniform load and to the axial force at the end. The aim of this example is to
find the optimal dimensions of the bolted diagonal connection.

=

<

=3
1

»
2
&
n
<
fra)

oG,

B7/Stesl

Bolt diagonal has the following cross-section. The parameters of bolted connection are shown in the

following figure.

ZLCS

[eme — Diagonal -
Type: HFLeq 001008 7

= Source and Type...

Source description

Staalprofielen / deel

Ficture | Fibres | Warping ines | Sheary [ Shear z | Centie fines|

Type description Equal leg angle
= Parameters
Material 5235 .=
L sections HFLeq100x100<3 .|
Profile: Library fiktsr Al crosssections |
= General
Draw colour Nomnal colour = |
Colaur I
Fibre text zoom 10 |
Properties editable a
Buckling editable a
Buckling y+ b
Buckling 2.2 b
Fabrication rolled |
Edit named items _I
=l Property reductio...
Use reduction factors O
& Property
Alm”™2] E
Ay [m”2] e S
Ewpot | [ Updae | [ Document |

Properties x
Connection type Balted diagonal
Type of loads Combinations ;I
Combinations uLs ;I
B | Bolts
Bolts Mi2-46 ..
Bolts grade 46
Number of bolts 1
O Gusset properties
Gusset material 5235 |
Thickness [m] 0,008
Throat size [m] 0,004
Double leg O
Output Erief LI
Edit bolted diagonal _I
Node N7
Diagonal B8 [Diagonal - HFLeq 100 100:x8]
Layer of diagonal Layerl
Cpen Preview 35>
Results EEr
Autodesign EEE

The Autodesign function is defined for this cross-section. You can see the settings on the following

figure.




Property Parameters PFicture

Name Bolt Botted diagonal ... | BD B
Type of loads | Combination v || | Bok Mi2-46  «|
Combinations | ULS | | Number of boks

Autodesign type | Bolted diago 0.00

ltems count 2

ltems

_ BD [N7](BS8)
it

Remove ltem Add item

Aulodeswgn] [Calculation] [ Close ]

The settings are shown in the figure above.

Bolted diagonal Specifies the bolted diagonal to be optimised.
Bolt Specifies the bolt used.

Optimised check (informative)  Shows the unity check for the optimised connection.

Autodesign can be run in one step using Autodesign all.

o aresey ]

A eBK 9| &G - A =
Bolt [Name | Bott
Type of loads Combinations LI
Combinations uLs
Autodesign type Bolted diagonal Autodesign item
tems zourt 2
Autodesign item ltem 1 ;I
E | Autodesign item
Eolted diagonal connection ED
Bolt M12-46
MNumber of bolts 0
Autodesian check [ 0.00

m[ Insert ” Edit ][ Delete ] [ Optim.Routine ][ Autodesign all ” Calculate ][ Close ]

The results are automatically printed in preview. One bolt for each connection is enough. Instead of
originally designed four bolts.




1. Bolt

Type Name Bolted diagonal connection Bolt Number of bolts | Autodesign check
[
Owerall Autodesign bolted diagonal item | BD M12-46 1 0,49
Overall Autodesign bolted diagonal item |BDA1 M12- 46 1 0,49
The comparison of initial and optimized values of bolted connections is clear from the following table.
Initial Optimized
e
Mame BED
NplRd - [kM] MNplRd - [kN] 3
MuRd - JcN] NuRd - [kN] .];
FoRd - [kN] FbRd - kN] G
FvRd [N] FvRd [kN] i
MplRd - kN 150,
NplRd - [kN] R o et
NuRd - [cN] - FbRd - kN 5
FbRd - [_kN] E : Connection check [-] 0
Connection check [ 0,12 Member check [ [0.07
Member check ] 0.1 Commecion syt FoFd ) [0
Connection result FvRd [kN] 1619




Timber — Cross-section AutoDesign

Autodesign of cross-section timber check is the same part as the Autodesign placed in the standard
Timber > ULS Checks - Check.

Autodesign in Timber service

Timber x

E-§F Beams Timber ULS check (1) ~| %3 4
L 2B Timber Setup m

- P Member Check data

EA Timber member data Timber UL check

(1%, Member buckling data Selection Al El

...... @- LTE restraints Type of loads Combinations LI
% slenderness data Combinations ) Rd
LS « eck Fitter Mo =

iz 515 Checks - Relative defo || | Values Unity check LI
BExtreme Global |

Output Brief |

Drawing setup 10 _I

Section Al |

Single Check
M v ||| Actodesign
Split CS5
Tew | Close | Unify CSS
Oa | = Preview

When the user clicks on action button Autodesign the following dialogue is displayed. The dialogue is a
bit different from the one used in the general Autodesign dialogue but the functionality is the same.
Autodesign of the cross-section =)

—Autodesign

M awimal check I'I

b aximum unity check: 1.115

Edit constraints | Info

Edit | Change

I
I
Mext dowvn | Mext up |
|

Search for optimal

Direction IUp & down vl

Parameter

IAdvanced Autodesign ;I

Param. Value |N.rtodesigr1 | Related to | Ratio |
B 100 ONe Ne <] 100
200 ONo Noe »| 100

Set value Select/Deselect Al Test relations

We will focus on Autodesign running f
settings in Autodesign and the indi



lllustrative example

Let us consider a very simple example of timber roof structure with rectangular cross-sections for
Autodesign. The structure is subject to self-weight, uniform permanent load, wind and snow load. The
aim of this example is to find the optimal dimensions of cross-sections.

‘;\\»

The Autodesign function is defined for each cross-section. You can see the settings for CS1.The
settings are completely the same as for the steel check. The advanced Autodesign is used for both
cross-sections.
" Oversll Autodesign

=

Froperty Parameters — Picture

Name ol Crosssection | C51-RECT x| -
Typeofloads | “Combinatior ¥ Parameter | Advanced A |

Combinations | CO1 j Edit advanced .. | o]

Autodesign type: :(_Zr\:usmectio... Direction | Up and dowr'_V_

ltems count |2 | | Maximal check [ 1.0

Autodesign che... | 0.5

Autodesign | Related to Ratio
1 B | 105 & Yes No 'No
E Yes Mo

Test relations Test css lists

Remove [tem | Add item

Autodeszign | Calculation | Cloze |

Autodesign of both cross-sections can be run in one step using Autodesign all.



B (8 BB & | =0

o |w.ﬂ| T default

- B default

1. Routine step: 1
1.1. O1

Cross-section

Parameter

Original cross-section

Autodesign of cross-section

Autodesign check
[-]

CS1- RECT (105, 200)
€S2 - 2 Rect (80; 160; 100)

Advanced Autodesign
Advanced Autodesign

CS1-RECT (100; 200)
CS2 - 2 Rect (80; 160; 100)

CS1- RECT (105, 200)
€S2 - 2 Rect (80; 160; 100)

0,95
0,81

2. Routine step: 2

Cross-section

Parameter

Original cross-section

Autodesign of cross-section

Autodesign check
[-]

CS1- RECT (105, 200)
CS2 - 2 Rect (80; 160; 100)

Advanced Autodesign
Advanced Autodesign

CS1-RECT (105, 200)
CS2 - 2 Rect (80; 160; 100)

CS1- RECT (105, 200)
CS2 - 2 Rect (80; 160; 100)

0,96
0,81

Feady [en]

l

2

Evaluation of the timber unity check along the beam is compared in the following figures. The first

figure and table are for the initial structure.

o
o

O '
<
9,‘“ "Qq

/

DA A

Timber ULS check

Linear calculation, Extreme : Global
Seledion ;- Al

Combinations ; COA

Cross-sedion © C31- RECT (100; 200)

Beam Cross-section Material dx Load case Unity check | Section check | Stability check
[m] [l 1 [
B1 C31-RECT C22 1734 [ CO1A 1,09 022 109

The second ones are for the optimised structure.

©




Timber ULS check

Linear calculation, Extreme : Global
Seledion : All
Combinatons @ C0O1
Beam Cross-section | Material dx Load case | Unity chedk Section check | Stability check
[m] [l [l [l
B1 C31-RECT C2z 1,734 | CO1A 096 0,21 096

The width of rafters were optimised from 100 to 105mm.




Aluminium — Cross-section AutoDesign

Autodesign of cross-section steel check is the same part as the Autodesign locates in the standard

Aluminium > Check.

Autodesign in Aluminium service

Aluminium

E? Beams

558 Aluminium Setup

- B& Alumiriurm member data
= |* Member Check data
ﬂ Transverse welds

Single Check il

Autodesign il

—r SDlﬂ Css il
|—NE ! | Unify C55 b |
= (M Preview il

Selection

{19 Member buckling data Type of loads Load cases
@' LTE Restraints Load cases LC1
38 stiffeners Filter Mo
Diaphragms Values Unity check
ck Extreme Global
= Relative deformation Output Brief
§$ Aluminium slenderness Drawing setup 10
Section Al

Aluminium check
Al

When the user clicks on action button Autodesign then the following dialogue appears. The dialogue is
general Autodesign but the functionalit

a bit different from the one used in the
| Autodesignofthe cosssech

Autadesign
Maximal check

M asimurn unity check:

Edit constraints

| |
Edit ]
)

|
[
[ Mext down
[

Search for optimal

Direction

Parameter

[‘I - dimension: H

7]

is the same.

=X

| | Param.

Walue | Autodesign | Related to

Ratio

200 [ Yes No

Set value ] | Select/Deselect Al

| | Test relations

I [ Cancel ]

We will focus on Autodesign running from Autodesign service in this case. Generally results based on the same
settings in Autodesign and the individual service have to be the same.




lllustrative example

Let us consider a very simple example of an aluminium beam for Autodesign. The structure is subject
to the uniform load and to the axial force at the end. The aim of this example is to find the optimal
height of aluminium cross-section defined as a general cross-section.

os]

60

The Autodesign function is defined for this cross-section. You can see the settings in the following

figure,
Owerall Autcdesign

Froperty

Parameters

Name Aluminiu

Type of loads Combinationj
Combinations uLs j
Autodesign type | Cross-sectio...
tems count 1

[Hemoveltem] ’ Add item ]

Cross-section ALU - Gener - |

Parameter H

Use cross-secti.. O

Length [mm] 200

Minimum [mm] 1

Maximum [mm] 1000

Step [mm] 10

Search pattem Find first ok j
Direction Up and dowrﬂ
Maximal check [] | 1.00
Autedesign che... | 0,00

In this case only one parameter (height of cross-section) is available. Therefore advance Autodesign is

Picture

[ Autodesign ] [ Calculation ] [ Cloze

not used. Other settings are the same as for the standard steel Autodesign.
Autodesign can be run in one step using Autodesign all.



E

T

AiewEk| oo & SH| A g v
Aluminiu INa_me | Aluminiu -
Type of loads Combinations LI ]
Combinations LS |
Autodesign type Cross-sections aluminium check
ltems count 1
Autodesign item ltem 1 ;I
B | Autodesign item
Cross-section ALL - General cross-section {21};'
Parameter H =
Use cross-section list O
Length [mm] 200
Minimum [mm] 1
Maxdmum [mm] 1000
Step [mm] 10
Search pattem Find first ok
Direction Up and down
Maximal check: [] 1.00 —
Autodesian check [ 0.00 £

Number of Autodesign: 1.

[ New ][ Insert ][ Edit ][ Delete ] [ Optim .Routine “ Autodesign all ” Calculate ][ Close ]

The results are automaticall

printed in preview.

1. Aluminiu

Cross-section Original cross-section

ALU - General cross-section (2800) ALU - General cross-secion (200) | ALU - General cross-seciion (300}

| Ready [en] < | L] |

Evaluation of the aluminium unity check along the beam is compared in the following figures. The initial
height of the cross-section was 200mm. The optimized value is 800mm. Evaluation of the steel check
for the initial cross-section dimensions.

iy
| B3/AL
B
Aluminium check
Linear caloulation, Extreme : Global
Seledion : All
Combinations . ULS
Crosssection : ALY - Geneml| ocoss-section (200)
Beam Case Css M aterial dx Unity chechk Section check Stability Check
[m] 1 g g
B3 ULS/M AL - General oross-section | EMN-AW S005A 2,000 511 1,82 5,11
(ERP/O,ER/B) T8 [05)

Evaluation of the steel check for the optimized cross-section dimensions.



1,00

} L B3/AL

Aluminium check

Cross-sections were changed during Autodesign. The structure has to be recalculated |
Linear calculation, Extreme : Global

Selection © Al

Combinations : ULS

Cross-secdion - ALU - General cross-secfion (800)

Beam Case Css Material dx Unity check | Section check | Stability Check
[m] [-] [ 1
B3 ULSM ALU - General cross-section | EN-AW 6005A 3,000 1,00 0,55 1,00
(EP/Q,ER/B) T6 (0-5)




Geotechnics — Pad foundation AutoDesign

Autodesign of a concrete pad foundation is the same part as the Autodesign located in the standard
Geotechnics > Geotechnics services > Pad foundation — stability check.

Autodesign in Geotechnics service

Geotechnics * | Properties
B Geotechnics services  Pad foundation check ()~
i ‘ﬁ]—_ﬁ| Geotechnics setup

,
Name Pad foundation check
Selection Curmert hd
Type of loads Class E
Class GED R
Filter Pad foundation | |
Pad foundation PF1 E
Values Un.check hd
Extreme Global |
Output Brief hd
Drawing setup 10 ]
Section Al hd

- Autodesign EEES
12 o Praview an

When the user clicks on action button Autodesign then the following dialogue is shown. The dialogue is
a bit different than the one used in the general Autodesign but the functionality is the same.
Autodesign of the pad foundation

Autodesign

Maximal check
Maximum unity check: .
Mext down ] [ MNext up i

Search for optimal

Direction Up & down -

Parameter

Advanced autodesian vl

Param. | Walue [m] |Autode5ign | Related to | Ratio
2500 O Mo Mo 1.00
2500 Mo No 1.00
0.400 Mo Mo 1.00
0.200 Mo No 1.00
0.050 Mo Mo 1.00
0,600 Mo Mo 1.00
0,600 Mo Mo 1.00

Stepfm] | Min.[m] | Max[m] |
0,100 0,100 2,000
0,100 0,100 2,000
0,100 0,100 2,000
0,100 0,100 2,000
0,100 0,100 2,000
0,100 0,100 2,000
0,100 0,100 2,000

Lo lelolefelels
Lefolele]e]e]e

Test relations

Set value ] [ Select/Deselect all

lllustrative example

Let us consider a very simple example of a steel hall laid on concrete pad foundations. The aim of this
example is to find the optimal dimensions of one pad foundation. The structure is shown in the
following figure.



Property Parameters Picture
Name 01 Pad foundation | PF1 hd =
Type ofloads Class | | Paramster Advanced A v | S35
o 6o +[-] ] *d T
Autodesign type | Pad foundati... Direction Up and dowr | k tioar
ttems court [1 Maximal check [ | 1.00 = 5
Autodesign che... | 0,86 g
t“:
>
oo
X |2k
T
250
| Param. | Value [m] |A|.rlodesign | Related to | i i Step [m] | Mir. [m] | Max. [m] |
2500 E Yes 0,100 1,000 3,500
2,500 0 Ne A , MNa
[0.400 B Yes No 0050 | 0400 | 1.000
[0.200 B Yes No 0050 | 0200 | 1000
0,050 O Mo 1.00 Na 0,100 0,100 10,000
|0.600 O Mo ' 100 |MNo 000 | 0100 | 710000
Removeltem | | dd tem |0.600 O Mo 100 |MNo 000 | 0100 | 710000

I Select/Deselect Al J [ Test relations l I Test css lists ] [ Ok ] [ Cancel J ||

The advanced Autodesign is used. Dimensions A and B are considered to be the same.

Autodesign of both cross-sections can be run in one step using Autodesign all..



o1 [Name [o1 A
Type of loads Class |

l Class GEQ vI |

Autodesign type | Pad foundation check

ftems count 1 E

Autodesign item | ftem 1 LI

B Autodesion item

Pad foundation PF1 LI

\Parameter ! Advanced Autodesign i

Mumber of Autodesign: 1.

s
[ Mew |[ insen || Ede || Delete | [ OptimFouine || Autodesignal || Calcuate || Close |

The results are automatically printed in preview.
fn todesign

[E T default

T default

1. 01
Pad foundation Parameter Direction Maximal check Autodesign check Original pad foundation AutoDesign of pad foundation
&l H

PF1 Advanced Autodesign | Up and down 1,00 098 | PF1 - (2,500; PF1 - (3,000,
2,500, 3,000;
0,400, 0,300;
0.200; 0,600;
0,050; 0,050;
0600, 0,600;
0,500} 0,600)

Initial Optimized
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Steel hall - Frame Autodesign

Most of Autodesign items are related to the optimal design of steel frames or halls. The following items
are related to the frame design:

e Frame - Autodesign manager
Frame — CSS height Autodesign
Frame - deflection Autodesign
Frame - flange Autodesign
Frame — web Autodesign

e Frame - flange thickness Autodesign
All items mentioned above are demonstrated on a simple steel frame (S355) made of lwn cross-
sections. The frame is 30m long with 6.0m high columns. The top point is 2.0 above the head of the
columns. The structure is subject to self-weight, permanent load (-3kN/m), variable load (-5kN/m) and
automatically generated climatic load (wind, snow) according to EN.

Eight different cross-sections are used (two for columns and six for rafters). All cross-sections are
welded.



T

VI T

=Y CL1 - Fwn (400;12; ...
& RLL - Twn (400;12; ...
& RL2 - Twn (400;12; ...
& RL3 - Twn (400;12; ...
& CRI - Twn (400; 12; ...
& RRL - Twn (400;12; ...
& RR2 - Twn (400;12; ...
& RR3 - Twn (400;12; ...

Li=lo o & 3" A

[Mame |cLi
Type Iwn
Deetailed 400; 12; 300; 12; 200; 16; 372, 0 H
Bl Parameters

Materal

Ba [mm]

tha [mm]

Bb [mm]

thb [mm]

Bc [mm]

the [mm]

Hw [mm]




Frame — CSS height Autodesign

CSS height Autodesign is the first of steel frame AutoDesigns. To simplify the design procedure, the

height design optimization is based on a symmetrical cross section. The height design is based on the
interaction formula for combined bending and compression.

- et
Froperty Parameters - Ficture
Name m Autodesign No
Typeofloads | Combination = || | Fanges section... | SM1 bt i
Combinations | ULS | | Webheight CS... |wd b f
Autodesigntype | Frame-CSS5ho | | Web thickness ... [wt b JE = ! .
temscourt 1 Min web siende... 50 Tﬁ[ Frame-CSS height autodesign
Mz web slend... |125 X
Min flange slen... | B
Max flange slen... | 15
Safety coeff-N |1
Safety coeff - My | 1

Itemns

Member list

Remaove ltem | Add item |

Safety coeff -Vz |1

1. Frame-C55 height autodesign Add members b... __]

B1BZB3B4 ..

Autodesign Calculation

Cloze

The property of this Autodesign is the following:

Flanges section matrix
Web height CSS

Web thickness

Min web slenderness

Max web slenderness

Min flange web slenderness
Max flange web slenderness
Safety coeff — N

Safety coeff - My

Safety coeff — Mz

Member list

Add members by layer

link to library of section matrices
link to library of cross-section lists
link to library of cross-section lists
minimal slenderness of the web working as constraint
maximal slenderness of the web working as constraint
minimal slenderness of the flange working as constraint
maximal slenderness of the flange working as constraint
XXX
XXX

XXX
list of Autodesigned members
link to layer database for selection of a layer



i Overall Autodesign_
A e BBk o & S A
[Name |01

Type of loads Combinations

Combinations ULS

Autodesign type Frame-C55 height autodesign
ftems court 1

HAutodesign tem ftem 1
Bl Autodesign item
Autodesign Mo
Flanges section matrix
Web height C55 list
Web thickness C55 list
Min web slendemess

Max web slendemess
Min flange slendemess
Max flange slendemess

Safety coeff - N

Safety coeff - My

Safety coeff - Vz

Member list B1BZ2B3B4 B5BEB7BE

S
Type Name Autodesign | Member list | Flanges section | Web height Web Min web Max web Min flange | Max flange | Safely | Safety | Safely
marix CES list thickness slendemess slenderness slenderness slendemess coeff - coeff - coeff -
CSS list H Ny vz
Frame height AuteDesign No B1 B2 B3 SK1 wd wit s0 125 5 15 1 1 1
B4 BS BE
B7 B&
Heady [es] b I _'I -

The height of the cross-section is Autodesigned.



Frame — web Autodesign

Web optimization is the second step of the steel frame design. The goal of this item is the web
thickness. The Autodesign function of the web optimization type is defined for each cross-section.
The program is automatically looking for the smallest web thickness from the defined Thickness list
with satisfying steel check. It works only with the CSS shear check and web thickness. It means that
the values of steel shear check are verified in each section (default value is 10 on a member) for the
load class/combination which is set by the user. The program checks the web slenderness to make
sure that the Autodesign does not set a web thickness which is outside the defined range. The starting
web thickness of this Autodesign is the value after the CSS height design. It checks the value of the
shear check for this thickness.

e If the value of the check is bigger than 1 then it finds in the list the first thickness which has the
check lower than 1.

If the value of the check is smaller than 1 then it tries all thicknesses from the list which are

smaller than the current one and returns the thickness which gives the check closest to 1.

Cverall Autodesign

Property Parameters Picture
Name Web Dimension list wt ha I
Type of loads Combinat\onj Optimized C55 | CL1-bwr =] ...
Combinations uLs j Optimal check 0.95
Autodesign type | VWeb optimiz Min check bou... |0.85
ttems count 8 Max check bou... | 1

Dimension fiter ... | 0.3

Min slendemess | 50

Max slendemess | 125

A ?IéSWeb AutoDesign CL 1

X

Remove Item Add item

[ Autodesign ] [ Calculation ] [ Close ]

The optimal (0.95), minimal (0.85) and maximal (1.0) check values are the same as for the flange
optimization. Minimal (50) and maximal (125) slenderness of web parts are different. This web
optimization has different properties than the flange optimization:

Dimension list Enables the user to use predefined values of one dimension

according to the list defined in the Cross-section list library. This

library is stored in Libraries > Structure, analysis > Cross-
section list.



Aok o = 8 SH A

fuv [Name [ wt
ft Type of list Dimensions
E kems

Dimensions list [mm]
Dimensions list [mm]
Dimensions list [mm]

. Dimensions list [mm] 0
Main 25 Dimensions list [mm] 2
_él_ﬁ Libraries - Dimensions list [mm] 4

..... g Materials Dimensions list [mm] 6
5 Ijl Cross-sections Dimensions list [mm] 8
Dimensions list [mm] 0

= Setup
----- F Catalogue blocks

00 Section matrix
57 Fabricated Css, Product ra

------ 1% Buckiing
- Stesl o
4 =— L - 3
s
It is possible to define three types of cross-section lists (see the
following figure). Cross-section list of type Dimension list can be
used for Autodesign only. The dimension list wt is used for
optimization.
When all values are set the dialogue looks like this

' Overall Autodesign
e &glesal

[Mame [ Web
Type of loads Combinations LI
Combinations ULS ;I
HAutodesign type Frame-web autodesign
tems count
Autodesign item ftemn 1 Rd|
B Autodesign item
Dimension list wt vI I
Optimized C58 CL1 - hwn {400; 12; 300; 12; vl |
Optimal check 0,95
Min check boundary 0.85
Max check boundary 1

Optim Routine Autodesign all Calculate

The results preview is printed



mEIEBS| |50 = 2w - [ O B | T defaur - (B ™ dgefaurt - B &
1. Web =
TyE HName Dimension list DEimi]‘Ed C55 DEEmE] check Min check huundar! Max check buundar[ Dimension filter tolerance Min slendemess Max slendemess

Web AutsDesgn CL1 | wt CL1 - hwn (400, | 0,95 0,85 T 03 50 128
12, 300; 12
200 16 372 )

Web AutoDesign RL1 | wt RL1 - lwn (400; | 0,95 0,85 1 03 50 125
12, 300; 12
200; 16 372; 0)

Web AutoDesign RL2 | wt RL2 - lwn (400, | 0,95 0,88 1 03 0 1000
10 300; 12
200 16 372, 0)

Web AutoDesign RL3 | wt RL3 - lwn (400; | 0,95 0,85 1 03 0 1000
10, 300; 12
200; 16 372; 0)

Web AutoDesign CR1 | wt CR1 - lwn (400, | 0,85 0,88 1 03 0 1000
10: 300; 12
200 16 372, 0)

Web AutoDesign RR1 | wt RR1 - Iwn (400; | 095 0,85 1 03 0 1000
10; 300; 12
200; 16 372; 0)

Web AutoDesign RRZ | wt RRZ - Iwn (400, | 0,95 0,88 1 03 0 1000
100 300; 12
200 16 372, 0)

Web AutoDesign RFG | w RR3 - lwn (400, | 0,95 0,85 1 03 0 1000
10; 300; 12
200, 16 372, 0)

I Min slendemess

The comparison of the initial and optimized values of the cross-section is clear from the following table.
Web thickness decreased from 12 to 10mm.

Initial

Optimized

Pictues [ Fones | Woarpmg e | Sheas v | Shea 2 | Cerire bres | Stdlenes

RR2
Trpn
Detided
5 Parmmeters
Matensl 5355 9
Ea o] 0
i fren] 12
Bl fem] 30
b fpremi] 2
Be ] 0
e fen] %
How o) a2
8 jom] (]
H General
Drarw cokour Neemal colewr
Cobour I
Fitwe test 200m 10
Propemes edeable o
Bucking sdtatés [}
Buckdng vy L}
Buking 12 =
Fabrication welded
£t named tems.
LA Do orstraints
Expont Update _IJ
o _d

Fichure | Fiores | Woasping s | Sheas | Shess 2| Certe s | Saitener

RRAZ
Type +
Detaded
E Parmmeters
Material 1
Ba ]
s from] 0
& o] %
b fren] 12
Bz o] 200
#he frm] 1%
H o) w2
& ] 0
1 Gl
O eclenr Heamal cakour
Coleur
Fiwn test poom %
Propeies adenbie a
Bucking cdasbis ®m
Buckdng vy L)
Buckling 12 0
Fabacation wnlded
Ede named tems
LA Desan covetrants
Export Update 2
o _d




Frame - flange Autodesign

The goal of this item is to design the optimal dimension of flange parts of steel cross-sections. The
Autodesign function of the Flange optimization type is defined for each cross-section.

In this step the CSS is designed as symmetrical which implies that the top and bottom flanges have the
same geometry. The program is automatically looking for the lightest geometry of the flange from the
defined Flange section matrix. It takes all defined combinations of flange widths and thicknesses and

sorts them by the flange area. Then the program looks for the first item from this list with CSS check
smaller than 1.

Overall Autodesign

Property Parameters Ficture
Name 01 Flanges section... | SM1 v|..
Typeof loads  Combination v | | Optimized CS5 | CL1 - hwr ¥ ...
Combinations ULs ﬂ Optimal check 0.5
Autodesign type | Flange optimi... Min check bou... |0.85
tems count 8 Max check bou... |1

Width fiter toler... |0.2

Thickness fiter ... 0.2

Min slendemess |5
Max slendemess | 15

-

oo Tglange optimization CL1

4. Flange optimization RL3 X
B, Flange optimization CR1

E. Flange optimization RFR1
7. Flange optimization RR 2
8. Flange optimization RR 3

[Hemoveltem] [ Add item ]

Autodesign ] [ Calculation ] [ Cloze

his Flange optimization has different properties:

Flanges section here is the link to Section matrix library. Section matrix library is
defined in Libraries > Structure, Analysis> Section matrix. Generally,
the section matrix is the matrix of the defined sets of flange width and
thickness. It can be defined by the user and it can represent the
manufacturing possibilities of the steel provider. The section matrix
used for this example is displayed in the following figure.



Optimized CSS

The following

items work as

constraints.
Optimal check
Min. boundary

check

Max. boundary
check

Width filter
tolerance

Thickness filter
tolerance

Min slenderness

Max slenderness

EEEDIEEEE T By
I sm Name Sm1
| N [
Thickness st ft ..
NS 0 =)
B vJu] T )] [ a |[ cear |

B/T |6 [8]w]12[16]18]20]24]28]32]36

5]
H &

5]
5

[ =]
H &
BEE®EOOO
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OEEERRHRERER
EEEEEEREERR
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HEEEE
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EEEEEEEEER
EEEREEEREREDI
EEREEREEDIO
HEEEE

Link to the cross-section which should be optimized from library. For
each optimized cross-section a different Autodesign item is created. (8
items of flange optimization type).

check values which should be achieved for the structure with optimal
dimensions

minimal check value which is accepted for the optimal configuration of
the structure

maximal check value which is accepted for the optimal configuration of
the structure

Used tolerance for width parameters

Used tolerance for thickness parameter

minimal slenderness of the flange of the cross-section
maximal slenderness of the flange of the cross-section

The tolerance is defined relatively, from the actual definition only those inside the range are checked.
Graphically it can be interpreted as shown in the following picture.
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e The red dot in the picture shows the flange geometry as a result of the height design. The flange
geometry of the matrix which most closely matches this result is used. Using the tolerance
parameters from the design setup, a range of widths and thicknesses is defined as illustrated with
the red rectangle.

e |n addition to the previous tolerance, the flange slenderness limit set in the relative limitations is
accounted for. This is illustrated in the picture by the inclined line.

e The final set of flange geometries taking into account both the tolerance and the slenderness limit is
shown in the picture in green.
When all values are set for each optimized cross-section then the overall Autodesign can run.

It is not recommended to use the flange optimization only. In that case the | cross-section is transformed to
flange cross-section which is a non-sense.

The comparison of the initial and optimized values of the cross-section is clear from the following table.
The initial flange dimensions for upper (12x300mm) and for lower (16x200mm) flange changed to
20x250mm for upper and lower respectively.

Initial Optimized

Y Be 250 L asosponconmmen |
Export Uipdate | Dol ' b Cigart Upsdate _bq
Picture | Fores | Woarprg bres | Shear | Shess 2 | Cerite s | Sattener |I| e Ficture | Fiees | Wosgarg ines | St | Sheas 2| Cone s | Stitenes | Ok I d




Frame - flange thickness Autodesign

Flange thickness optimization is the next step in the Autodesign of steel frame cross-sections. The goal
of this item is to design the optimal dimension of the flange. The Autodesign function of the Flange
thickness optimization type is defined for each cross-section.

Overall Autodesign

Froperty Parameters Ficture

Name o1 Dimension list ft ..
Type of loads Combinationj Optimized C55 | CL1-har =] ...
Combinations ULS ﬂ Optimal check 0.95
Autodesign type | Frameflange. Min check bou... 0,85

3 Max check bou... |1

Dimension fiter ... | 0.3

Flanges to opti... | Both ﬂangesﬂ

tems count

>_
E;ame-ﬂange thickness autodesign CL1
X

Remove ltem | Add item |

Autodesign | Calculation | Cloze |

The optimal (0.95), minimal (0.85) and maximal (1.0) check values are the same as for the flange
optimization. The dimension filter tolerance is set to 0.3. There is only one property different for the
web and flange Autodesign:

Flange to optimize Selection of Inner / Outer / Both flanges.

When all values are set the dialogue looks like this



H *
» | Overall Autodesig [ f

R emk o8 S A
Flthick [ Fi_thick

Type of loads Combinations
Combinations ULs
Autodesign type Frame{lange thickness autodesign

tems court 8
Autodesign item ltem 1 LI

Bl Autodesign item
Dimension list ft v| |
Optimized C55 CL1 - wn (400; 12; 300 12; =
Optimal check 0,95
Min check boundary 0,85
Max check boundary 1

CL1

New | Insert I Ed'rt_l Delete I Ciptim. Routine I Autodesign all | Calculate Close

It is not recommended to use the flange optimization only. In that case the | cross-section is transformed to
flange cross-section which is a non sense.

# | Overal Autodesign preview

By @ EBS 50 m w0 - | Rl | T defaurt - (& T detautt
—t —

1. Fl_thick

Type Name Dimension list | Optimized CSS Optimal Min check | Max check | Dimension Flanges
check boundary boundary filter to
tolerance optimize

Frame-flange thickness autodesign CL1 CL1-Iwn (412, | 0,95 0,85 0,3 Both

12; 300; 20; flanges
200; 20; 372, 0)
Frame-flange thickness autodesign RL1 RL1-1lwn (412, |0,95 0,85 03 Both
12; 300, 20, flanges
200; 20; 372, 0)
Frame-flange thickness autodesign RL2 RL2 - lwn (412, | 0,95 0,85 0,3 Both
12; 300; 20; flanges
200; 20; 372; 0)
Frame-flange thickness autodesign RL3 RL3 - lwn (412, |0,95 0,85 03 Both
12; 300, 20, flanges
200; 20; 372, 0)
Frame-flange thickness autodesign CR1 CR1 - lwn (412, 10,95 0,85 0,3 Both
12; 300; 20; flanges
200; 20; 372, 0)
Frame-flange thickness autodesign RR1 RR1 - lwn (412, | 0,95 0,85 0,3 Both
12; 300; 20; flanges
200; 20; 372, 0)
Frame-flange thickness autodesign RR2 RR2 - lwn (412;|0,95 0,85 0,3 Both
12; 300; 20; flanges
200; 20; 372, 0)
Frame-flange thickness autodesign RR3 RR3 - lwn (412, | 0,95 0,85 Both

12; 300; 20; flanges
200, 20; 372, 0)

1 Max check boundan hl I

The comparison of the initial and optimized values of the cross-section is clear from the following table.

The initial flange dimensions for upper (12x300mm) and lower (16x200mm) flange changed to
20x300mm and 20x200mm for upper and lower respectively.

Initial | Optimized
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Frame - deflection Autodesign

First, the program calculates the values of the deflections in all defined nodes. Then it compares these
values with the limits of deflections. If the calculated values of deflections are smaller than the limits of
deflections then the design of frames is OK and the SLS design stops. Otherwise the program starts a
new Autodesign loops. The program checks both horizontal and vertical deflections in all nodes. The
following picture shows an example of typical critical nodes of a simple frame.

Property

Parameters

r~ Ficture

Name
Type of loads

Class AMISLS ..

o

Class ;I

ftems count

Autodesign type | Frame-deflec...

1

Remave Item |

1. Hall deflection autodeszign

Add e |

Autodesign
coef -h1/h2=c...
exp - hl/hZ=co...
Member list
Add membersb...

No

]

05
B1B2B3B4 ..

N
=

There are different properties for this kind of Autodesign:

coef — hl/h2=coef*(check”exp-1)+1

exp — hl/h2=coef*(check”exp-1)+1

Autodesign | Calculation | Cloge I

the value used for the optimal design of CS based on the
limit deflection (see formula)
the value used for the optimal design of CS based on the
limit deflection (see formula)

It is necessary to use a class as a type of load, otherwise the frame-deflection Autodesign will not work

correctly.

1. Select node N2 (left eave node) from the first list and set values
Horizontal deflection = 60mm
Deflection up = 1000mm (criterion will not be used)
Deflection down = 1000mm (criterion will not be used)



2. Select node N6 (right eave node) from the last list and set values
Horizontal deflection = 60mm
Deflection up = 1000mm (criterion will not be used)
Deflection down = 1000mm (criterion will not be used)

3. Select node N5 (top node) from the last list and set values
Horizontal deflection = 1000mm (criterion will not be used)
Deflection up = 150mm
Deflection down = 150mm

Node | Horizontal deflection [mm] | Deflection up [mm] | Deflection down [mm] |
1|2 ~|eo 1000 1000

o]

Cancel

When all values are set the dialogue looks like:

ol& S’ a

Name Defl
Type of loads Class
Class Al SLS
Autodesign type Frame-deflection autodesign
ltems count 1
Autodesign item ltem 1
B Autodesign item
Autodesign No

|
-

coef - h1/h2=coef"check “exp-...
exp - h1/h2=coef"check “exp-1)...
Member list

1
0.5
B1B2B3B4B5B6B7 B8

Optim Routine

T default

Autodesign all Calculate

|| B ™ default

| Autodesign | coef - hilhZ=coef{check™ """ | exp - hi/h2=coeficheck:™ """ |

Member list

| Hall defleciion autodesign [Mo

[1

[0,

5 |B1B2B3B4B5BE BT BS |

Ready [cs]

<]




Frame — Autodesign manager

All above-mentioned Autodesign items are used for the optimal design (using special type of
Autodesign function (Frame - Autodesign manager). This type includes flange, web, flange thickness,
CSS height, and deflection Autodesign.

Overall Autodesign

Fraperty

Parameters Picture

MName

Type of loads
Class
Autodesign type
tems count

m

Class ﬂ
Al SLSs =] ...
Frame-auted...

1

Femave ltem |

1. Frame-autodesign manager

Add item

The property of this Autodesign is the same for particular checks.

Member list

Name of the check

Enable

Max. NO iteration

Member list B1B2B3B... | ~
Add member. ..

= Height a._.

Enable

Max NO iter...
El ' Web thic...

Enable

Max NO fter...
El 'Web thic...

Enable

Max NO fter...
E Aange a...

Enable

Mz NO iter...
E Aange a...

Enable

Mz NO iter...
El Both flan...

Enable

Mz NO iter...
El Both flan...

Enable

Max NO iter...
El Outer fla...

Enable

Max NO iter...
El Outer fla...

Enable

Autodesign Calculation | Close |

selected members (read only)

name of the used check for Autodesign (height, web thickness, web
thickness in deflection, flange, flange in deflection, bottom flange, and
bottom flange in deflection, outer flange, outer flange in deflection, inner
flange, and inner flange in deflection, internal column, and deflection design)
option, if this check should be considered on Autodesign or not

maximal number of iterations used for Autodesign

When all values are set the dialogue looks like



A Overall Autodesig
AR eBEK v S e A

01 Name 01
Type of loads Class
Class Al SLS+ULS
Autodesign type Frame-autodesign manager

ltems count 1
Autodesign item ftem 1
Bl | Autodesign item
Member list B1B2 B3 B4 B5B6BYBE
Bl Height autodesign
Enable yes
Max NO iterations 10
Web thickness autodesign
Enable EH yes
Max NO iterations 10
Web thickness autodesign__
Enable B yes
Max NO iterations 10
Hange autodesign
Enable

Optim.Routine Autodesign all Calculate

The results preview is printed

»  Overal Autodesign preview_
B EBS 5O
1.01

Type Name Frame-autodesign manager
Enable v
Max NO iterations 10
Enable v
Max HO iterations 10
Enable v
Max NO iterations 10
Enable v
Max HO iterations 10
Enable v
Max NO iterations 10
Enable v
Max NO iterations 10
Enable v
Max HO iterations 10
Enable v
Max HO iterations 10
Enable v
Max NO iterations 10
Enable v
Max NO iterations 10
Enable v
Max HO iterations 10
Enable v
Max NO iterations 10
Enable v
Max HO iterations 10

Mermber list A1 A7 A2 A4 AR BR AT AR
‘ I




