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1. Introduction

The aim of this document is to introduce a brand new tool for optimization of civil
engineering structures developed by Nemetschek Scia and to demonstrate how it can
be helpful and effective to everybody who deals with structural design.

1.1 About Scia Engineer Optimizer

Scia Engineer Optimizer is an example of a new generation of software for the
design of structures. It is software which calculates internal forces, checks the
compliance to the code, and on top of that, this software is able to “find” the final optimal
structural design.

It represents a combination of the widespread structural analysis software - Scia
Engineer - and a separate optimization engine (EOT — Engineering Optimization Tool).
The two programs have been integrated together and offer a versatile and complete
optimization solution for all types of civil engineering structures.

Scia Engineer
(analysis software)

Improved

el Results

(XML output)

(XML input)

EOT
(optimization
algorithm)

1.2 Motivation

Scia Engineer Optimizer is very general and flexible because the demands which
need to be considered during a really optimal structural design are also rather complex
and general. However, thanks to the power of the current computational technologies,
all requirements for cost reduction, material savings and environmental protection can
be now easily met. Despite the complexity of the general optimization, the optimization
process itself is not complicated and this manual will lead you how to proceed.



Once all the required input data are entered, i.e. the model of the analysed structure
is defined, the search for the optimal solution runs fully automatically and no interaction
from the user is required. For real-life problems several optimal solutions can be found.
In such situations, it is up to the user to make the final decision.

Depending on our requirements we may seek different targets. The goal of the
optimization depends on us: is it the total weight, costs, eigen frequency or something
else. And with respect to the goal, there are many possibilities of what can be
optimized, what means, which properties or parameters of the structure are to be
changed to reach the optimum: geometry, cross-sections, reinforcement, prestressing,
structural arrangement and others.

As the constraints we use various values obtained from Scia Engineer analysis: unity
check, capacity, eigen frequency, deflection etc.

1.3 Worked example

This example shows the optimization of the geometrical shape with the aim to
reach the minimum mass of a steel truss girder with respect to fulfilling the capacity
according to for 1% limit state code check implemented in SCIA Engineer (EC3 in this
case).

The structure is a simply supported truss girder with the span of 10 metres, see the
next picture. The goal of optimization is find optimal height of the truss (which will most
probably vary along the girder length, see results at the end of this tutorial).

All members have tubular cross-sections but the thickness and diameter are
variable. However both values have to be within certain limitations.




2. Structure modelling

2.1 Starting the project in Scia Engineer

First of all the standard Scia Engineer project must be prepared. Therefore, create a
model of a structure with all the necessary aspects of the future optimization taken into
account.

Run Scia Engineer and create a new project of the Analysis type.

Choosetypenfnm project

H

N

Structural
Edition

The basic Project data can be filled in according to the picture below:

Ermpty Scia Engineer project.

Basic data | Functionality | Loads | Protection |

Data

Name:

Fart:

Description:

Author:

Date:

Structure:

Steel truss girder

QOptimization

13.12. 201

| General XYZ

Project Level:

[Mvanced

Material

Concrete
Steel
Material

Timber
Cther
Aluminium

Code
National Code:

B8y (cc- =

National annex:

B8l (tancadEN




Although the structure is planar, the structure type is set to General XYZ to keep it
more general. The project level is set to Advanced, which is a generally recommended
setting. The code of this particular project is set to EC-EN with the standard EN annex.

Press OK to confirm the settings and to open a blank project.

Model the truss girder with 1D members. First, you will be asked to select cross-
sections for the current project. Add two tubular cross-sections with the dimensions:

CS1: D=70mm:;t=10 mm
CS2: D=50mm,t=8 mm

(oo A =)
A BE 0o S SH A . g
C51 - Tube [70; 10} Name Ccs2 -
Detailed 50; 8 =
E Parameters 3
Material 5 355
[ [mm] 50
t [mm] 8
E | General
Draw colour Nomal colour ;l

Colour [ ]
Fibre text zoom 1.0
Properties editable  |CJ S

fai
S

[ New ][ nset |[_Edt_|[ Delete | |

Create the structure according to the following scheme and table:
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Name CrossSection Material | Length Shape Beg. node | End node Type FEM type
[m]
B1 CS1 - Tube (70; 10)| S 335 2000 iLine M1 M2 general (0} | standard
B2 CS1 - Tube (70; 10)| S 355 2,000 | Line M2 M3 general (0) | standard
B3 CS1 - Tube (70; 10)| S 385 2,000 |Line M3 M4 general (0} | standard
B4 CS1 - Tube (70; 10)| S 355 2000 | Line M4 NS general (0) | standard
BS CS1 - Tube (70; 10)| S 335 2693 |Line M1 ME general (0) | standard
B& CS2 - Tube (20, 8) | S 355 2,693 | Line ME M2 general (0) | standard
B7 CS52 - Tube (50, 8) | S 355 2693 |Line M2 M7 general (0} | standard
B& CS2 - Tube (20; 8) | S 355 2,693 [ Line M7 M3 general (0) | standard
B9 CS52 - Tube (20; 8) | S 335 2693 |Line M3 ME general (0} | standard
B10 CS2 - Tube (50; 8) | S 355 2,693 | Line ME M4 general (0) | standard
B11 CS52 - Tube (50, 8) | S 355 2,693 |Line % §ie general (0} | standard
B12 CS2 - Tube (920; 8) | S 355 2,693 [ Line M9 ME general (0) | standard
B13 CS52 - Tube (530; 8) | S 355 2693 | Line ME M10 general (0} | standard
B14 CS1 - Tube (70; 10)| S 355 2,693 |Line N10 M1 general (0) | standard
B15 CS1 - Tube (70; 10)| S 355 2,000 |Line M1 M3 general (0} | standard
B16 CS1 - Tube (70; 10)| S 355 2,000 | Line MN10 Ma general (0) | standard
B17 CS51 - Tube (70, 10)| S 385 2,000 |Line M9 ME general (0} | standard
B18 CS1 - Tube (70; 10)| S 355 2,000 |Line M8 N7 general (0) | standard
B19 CS1 - Tube (70; 10)| S 335 2,000 |Line M7 MG general (0} | standard

The truss as a whole structure is simply supported. To restrain the lateral
displacements, supports in all nodes must be defined to prevent from the deformation in
the Y direction.

~ | Properties

't

Support in node (1) e \Jﬁ \JT

X

e —

Type

Default size [m]

B Geometry

11

Standard

Rz Free
Node N10

System GCS

£l
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When the structure is modelled, loads have to be specified as well. The truss girder
is subjected to a simple load case with vertical point forces in the bottom nodes. Create
a new load case with the action type Permanent and load type Standard.



Coe S ==

Al gBE oS EE -
L1 Mame LC
Description
Action type Pemanert LI
LoadGroup LG v| |
Standard =
Delete all loads P
Copy all loads to another loadcase P |
[ MNew ][ Insert ][ Edit ” Delete ] Close

This load case is represented by 4 point forces with the magnitude of -30 kN in the Z
axis direction (the load is going downwards).

.l Fan

2.2 Calculation and Autodesign

The structure is calculated using standard functions of Scia Engineer first. To see
utilization of profiles, a unity check can be performed in Steel service, see next picture.

0,38
0,53

o226

T

0,26

oL &

e
@

Maximal unity check value 0,69 shows, profiles are too thick. In Scia Engineer we
can use very efficient tool to design cross-sections, resulting in a good utilization of
individual members under a certain load. The function is called Autodesign and it can
be found under Calculation, mesh group in the Main tree.
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Autodesign can be used for various purposes. The
Cross-section steel check will be used in this case. This
Autodesign function finds an optimal cross-section with
respect to the unity check for all members with this cross-
section. However, as the change of a profile in a statically
indeterminate structure affects the internal forces, the
project has to be recalculated. For new internal foces, after
recalculation, we can run Autodesign again. The user can
do those two steps several times to reach proper cross-
section design.

Autodesign is also integrated in optimization loop s of
EOT. It means, during iterative search of optimal structure
geometry, the program will make design of proper cross-
sections. It means, in each iterative step, both geometry and
cross-sections will be improved at the same time.

Prepare a new entry (called O1) in the Overall
Autodesign library. Select both cross-sections (CS1 and

Main o X

----- Project

j:ﬁ: Line grid and storeys
- BIM toclbax

-9 Structure

L Load

#-4E Load cases, Combinations
E—JEI Calculation, mesh

Check structure data
- g Connect members/nodes
[ Mesh setup

-] Solver setup

Iﬁ Local mesh refinement
@ Mesh generation
Calculation

--f2] Hidden caleulation
b Results

..... fr Steel

- Drawing Tools
&-B Libraries

Ej---}? Tools

CS2) in the selection dialogue. It means that the items count will be 2.

Each cross-section has got two dimensions in their properties — thickness t and
diameter D. Both dimensions can be changed upwards and downwards in order to
search for the optimum. To optimise both variables in one run, we will keep a fixed ratio

between D and t. Advanced Autodesign is used for this.

o
AleBk o 8 SH A - g
01 Mame [0}
Selector switch ]
Type of loads Load cases ;I
Load cases LC ;I
Autodesign type Cross-sections steel check
ftems court 2
| Autodesign item [ftem T | LI
' Autodesign item
Cross-section C51 - Trubka (70; 10) LI

Parameter Advanced Autodesign
Edit advanced Auto...

Direction Up and down
Maximal check [ 1,00
Autodesign check [] | 0,69

Value

Autodesign | Related to |

O Mo
E Yes

t
No

[ selectpesclectal | |

Test relations ] [

Testesslists | oK

New || Inset || Edt || Delete |

[ Optim. Routine ][ Aitodesign all ][ Calculate ][ Close
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el G SH A

ﬁ)\mmll Autodesig X

Name 01

Selector switch O

Type of loads Load cases

Load cases LC1

Autodesign type Cross-sections steel chack
ftems count 2

Autodesign item
[ Autodesign item

Cross-section C52 - Trubka (50; 8)
Parameter Advanced Autodesign
Edit advanced Auto...

Direction Up and down

Maxdmal check [] 1,00

Autodesign check [] |0.63

Value

Autodesign | Related to |

O No
[ Yes

t -

No

Test relations

J

Test css lists

J New ] inset J{_Eat ][ Doite |

| Optim Routine || Autodesignall || Calculate || Close _.

It is not needed to do the Autodesign at this moment. EOT application will use this

stored setting afterwards.

2.3 Parameters

The optimization is based on parameters. Scia Engineer allows the user to prepare
lot of different kinds of parameters, which can be assigned to various entities and/or

properties.

In this particular example we want to adapt the shape of the upper chord to get the
minimum mass of the structure. This means that some nodes will change their positions
(z-coordinates). Therefore, we will to make a set of parameters and we will assign them

to properties of nodes.

To make parameters available, we have to switch them on in functionality setting:

Basic data | Functionalty | Loads | Protection|

[Chynamics

Initial stress
Subsoil
MNonlinearity
Stability

Climatic loads
Prestressing
Fipelines
Structural model

Mobile loads

HAutomated GA drawings
LTA - load cases

Extemal application checks
KFP1 application

Property modifiers

OOoooOoOo®EOOoOOOoOOOoonon

E | Steel
Fire: resistance
Connection modeller
Frame rigid connections
Frame pinned connections
Grid pinned connections
Bolted diagonal connections
Expert system
Connection monodrawings
Scaffolding
LTE 2nd Order
ArcelorMittal

Ooooooooooagn
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Then, let us open parameters library under Tools > Parameters. New items can be
added with the button New in the top left or the bottom left corner (both these buttons

do the same).

Modi Tree Plugins Setu —
: Activity I S

Selections
ucs

-

.8

Cursor snap setting

Dot grid and tracking setting

= Layers

User defined selections

Parameters template settings
Cleaner

® Coordinates info

XMLIO Document

Conwvert Steel Profile Dl

ALEB A -
71 Name z3
22 Type Length j
2 Description
Evaluation Value ﬂ
Value [m] | 2,50
Use range O
Validate ann
[ow )&t ) 0w

Prepare three parameters which will specify the Z coordinate of nodes of the upper
chord. As we need a symmetric structure three parameters will be sufficient. The type
of parameters is set to Length, Evaluation to Value and the default value is 2.5 m at the
moment.

Assigning parameter to a node is simple. Just select a node and then, assign the
parameter to the value of this property of selected node.

Properties

a X

[Node i2)

|\

>

B | GCS coordi...
Coord X [m]
Coord Y [m] 0.000

Select the outside nodes N6 and N10 and change their
Coord Z to z1.

Coord Z [m] [2.5]

i kiE

Coord 1o [m] z1
Coord uy [m] :g

B |UCS coordi.... |ngert value

Coord uz [m] Pl i

EH GCS coordi....
Coord X [m]
Coord Y [m] 0,000
2

E UCS coordi....
Coord wx [m]
Coord uy [m] 0,000
Coord uz [m] 2,500

B GCS coordi ...
Coord ¥ [m] 5,000
Coord Y [m] 0.000
3

E | UCS coordi...
Coord wx [m] 5,000
Coord uy [m] 0,000
Coord uz [m] 2,500

Select the inner nodes N7 and N9 and change their
Coord Z to z2.

Lelele

Ll

Select the the middle node N8 and change its Coord Z to
z3.

When the value of particular parameter is changed, the structure reacts immediately.
However, let us assign this job to EOT. It shall calculate the correct value for each of the
parameters.
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3. XML documents

Scia Engineer Optimizer is an external application and the optimization process is
running “outside” Scia Engineer. We need to transfer the necessary information
between these two applications. Format XML (Extensible Markup Language) is used
for this task.

Scia Engineer has a tool for creating XML documents in a similar way as the basic
Scia Engineer output document. Go to Tools > XML IO Document and a new window

; . = —
Tools Modify Tree Plugins Setup [ o o == = s
| D DOC - Default -l (o @ B & =0 = w0 S| T deraun - @
Activity 4 @ Defauit
Selections L4
ucs 3
. EE .
Cursor snap setting
. . " Cle
i Dot grid and tracking setting
Deseription Defautt
=1 Layers Embed documert .. I
Language Angiétina (Spo_ |
i F Pictures dlignment | Left |
E User defined selections i
Edit headertempl. =i
Tile page template | ™ no template ~ |
Farameters Edit tte page tem =
Footertemplate  defauit |
= Parameters template settings Edit footer template =
=
. Cleaner =
. Coordinates info
{| # Full regeneration of docum. 23>
|- XML IO Document Rfresh of document >33
Load settings. 355
. Save setngs o
Convert Steel Profile Db Losdtenpiste oo | Reody en]

If you open the XML document for the first time, an option to open the Document template in

* TDX format appears. You can skip this if you don’t have any XML template. Hit Cancel button.

Two documents have to be created for each project - one with input parameters and
second one with output parameters. These two documents differ in their content which
is described below.

3.1 Input XML

The input document has to include the table of parameters only. Click on the New
button on the top left corner and select Parameters table from the Libraries group.

14



# XML Input / Output Document [P =T
LilsaDefaul Y IEEI R S - B
=@ Default

EI Pararmeters 1. Parameters
Hame Unigu il Type Evawfion | Uss rangs valus
T |[[AEerCEIDE-ETNIOSOTOCHCEY |legn |vEe  |mEe e
25
Z |[smmrssEd0EamraTiiEDE]  |Legn vake  |mee =
25
Il T |{MCACIN-FRE-IDFLLAGSBCATESN] |Legn |vake  |mEe =
25

] Material EC
] Materials
Default O ucs
Ml Embed documert ... O
"Il Language Anglitina (Spo_v | @ Sets
| Pictures alignment | Left hd @ Solver and Mesh
Header template default hd

i@ Results

i@ Solver Files

0@ 5GB - Scaffolding
-4 Special

b @ Steel

i@ Aluminium

i@ Custom check
-4 Pipeline

]

Edit header templ...
| Title page template
Edit title page tem...
Footer template
Edit footer template
First page number | 1
First chapter number | 1
Chapters numbers | Al
Chapters captions | Al

~ no template ¥ |

L«

default

Lele

Full regeneration of docum... _ >»>
Refresh of document e
Load settings By
Save settings By
Save template By Heady [en]

3.2 Output XML

The output document consists of more tables, namely the Bill of material (because
mass optimization is the basic task) and Checks of steel (because we want to design
the structure as well).

Click the button with three dots at the top and insert a new document.

3

B XML Input / Output Document

ouT -
------ & *Unnamed*

IN - Default
ouT - Description

Embed document tem... O

|

i

I Description

Ml Embed document ... |0

| Language Anglitina (

| Pictures alignment | Left
Header template default
Edit header templ....

|I Title page template | ™ no temp

| Edit title page tem...
Footer template default
Edit footer template

First page number | 1
First chapter number | 1
Chapters numbers | All
Chapters captions | All

Language

Pictures alignment
Header template

Edit header template
Title page template
Edit title page template
Footer template

Edit foater I

Angligtina (Spojené staty)
Left
default

= no template =~

default

Full regeneration of document

Refresh of document
Load settings
Save settings
Load template

el I
el I
el I
el I

Full regeneration of docum... _ »>>
Refresh of document LS
Load settings By
Save settings By
Load template EE Heady len]

15



Click on the New button in the top left corner and add the desired tables:

BT Dt "I Bill of material from the Results group

E|. Default
gf Ei:eir::::;l Check of steel from the Steel group (this has to be input twice —
B, Check of steel for each cross-section)

Below you can see the settings for each table included in the document. Note that

the check of steel is filtered by cross-section and the first and the second item differ in
this setting only.

OUT - Default OUT - Diefault OuT - Default - E]
-4 Default =@ Default =@ Default
E Ew -..[& Bill of material B3 Bill of material
B, Check of steel L _ B, Check of steel
- % Check of steel 1 I, Check of steel | -
MName | Eill of material MName | Check of steel Mame | Check of steel
Caption Bill of material Caption Checlk of steel Caption Chech: of steel
Visible E yes Vizible B yes Visible B yes
Joirt tables m} Joirt tables [} Joirt tables O
Selection Al hd Selection Al B Selection Al hd
Filter No hd Type of loads Load cases | Type of loads Load cases hd
Type Cross-section hd Load cases LC1 | Load cases LC1 hd
Values Mass hd Filter Cross-section B Filter Cross-section d
Cross-section CS1_Tube 70.10) =1 Cross-section Ls2_Tube (o0 8 ~1
Values un.check Rd Values un.check hd
Extreme Member hd Extreme Memhber hd
Output Brief ;I Output Brief LI
Section Al hd Section Al hd

Refresh the document to see if all the data are correctly loaded and close the
window by the red cross in the top right corner.

It is wise to type a name of both documents so that they could be better recognized later. “IN”

and “OUT” is the simplest possibility and it works well.
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4. Optimizing tool

Scia Engineer Optimizer is a part of standard setup version. It means
that it is installed on your computer together with Scia Engineer. You will
find it in the particular folder under Start > All programs > Scia Engineer,
or you may have an icon on your desktop. However, Optimizer can be

launched also from the program files folder, e.g.:
c:\Program Files\SCIA\Engineer2011.0\Eot.exe.

The user interface looks similar to Scia Engineer. There is the main tree on the left
with 6 functions that manage everything from model loading to results checking. These
6 steps will be described in the following chapters of this tutorial. There is also a special
window with variables on the right and a few icons on top. These icons can be used to
create a new EOT project, open an existing project or save the current project.

¥ Untitled - EQ
I Eile Edit View Help

[ osd @

Optimization analysis
User Solution

4

Optimization in progress

Result

4

& Scia Engineer preject Iink
Function
Scia Engineer Project File

XML Input Document it

Analysis Settings

[Lmear analysis -

Use Auto Design:

XML Qutput Document
[ ™|

[ Load Input/Output Parameters ]

24, Input Parameters L Output Parameters

Scia Enginser Name User Name

Scia Engineer Type _ Initial Vialue

o5

SCIGIEQ ]

sl

€ M_PL
< M_E
© M_SQRT2

3
Use

Sel/Desel Al

Ready

CAP NUM SCRL

4.1 Scia Engineer project link

In the first step you have to link EOT with a project file made in Scia Engineer. At the
top there is a field for the path to the *.esa file. Use the yellow “open folder” button to
open an explorer and search for the project.

» ' Scia Engineer project link

Furscton

S0 Engreser Project Fie
e pedhalDocumen i ERA ] Upnooedt Gteel tna g _.al

(A

YL Irput Desurment

el Oustpust Doscument

Load Inpul Dutput Parameters

-

Aralyss Settngs

|Lrresr Cateriaten -
Use Sarto Designe

W01

If necessary wait a few second to initiate the Scia Engineer project file.
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Once the project is loaded, the input and output documents are ready to be selected
from the list of available XML documents. Usually, only the output document has to be
switched as it is the second one from the offer.

Scia Engineer Project File Sy St S
CiimersipodvalDoaments ESAL projectiSteel s gr [ LSS Caladaton z
N fnpu Document Liset Aute Desg:

. =l [®e

Lead Input/Oulput Parame bers |

Select the right input and output document and click the button below called Load
Input/Output Parameters. Wait a few seconds again until all parameters are displayed
in the table (and in the right panel as well).

Scid Engineer project link

Furcton

Eoma Erviaibed Prsped] Fie - = - e P
£ bt ot s Descuments ESA T prpect Steel Buss gr | e LD =) o ME
WML B (Diccument Lt At Diegr: & M_SOET
[ims =] [Fo i 1
1M, Ot Dmeument -
- 53
o .
= fner_mam
1 Lo Bnpus Outout Paramebers | | = Mati_min
= Surd e ma
= Sudece_min
q 'I X A gt Bandmrldri 5 -&wha—dﬂ [ Volume_mas
= Wolurne min
[EPpo— e Plamse Sen Ergreer Typs it Ve Sue Use i Unibmags,_rm
— SeTesd M| | Unitmags,_rein
al - 13600 u w Length_mas
2 e 25E00 o - b iz
3 gt 25e-00 o -
= Lt Db s_ma
i Lindwobarrsemady mrar
i s
= dr_min
o e kT

At this point new files are automatically generated in the folder where the project is saved. The
files are related to the input and output XML documents and two files are created for both of

them * in.xml * out.xml
*_in.xml.def * out.xml.def

The middle part of the screen shows also the available types of Analysis Settings.
Leave the default Linear Calculation option selected in the combo-box.

» Scia Engineer project link

Furcion
Sl Ervginees Project Fie CIEPRE
C:sers ppochal Documen s ESAL T pregectStoe tums g [y | (L0l Cakadaton =
¥ Irput Document Use Auto Design:
[im =]  [Fm
ML Oustput Document
[t =)
L lesdinpubfutputPaameters |

If any autodesign item has been created in the used Scia Engineer project it will be
listed in the white box here. Tick the items you want to be included in the optimization
procedure. We want to design all cross-sections in Scia Engineer, thus tick the O1
Autodesign.
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# Scia Engineer project link
Funation

o Ergreer Project file S
Cr\serapodhal Doaumen i ESA L Lipraject Gted st on |5 |unear Cabcitann =)
WML gt Discument Use Auto Desgn

n = w0

ML Quitput Desoummet

.“.ﬂ '.
%

4.2 Formulas

The Scia Engineer Optimizer is a scientific tool where you don’t have to fully rely on
what have been programmed but where you can add your own formulas. At the
beginning of the text editor for formulas there is a paragraph with hints and instructions
about how this environment can be used. There is also a list of supported functions.

%) Formulas

—
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

»

// Use directive on start line: ]
// const - For constant variable

var — This wariable can be optimised

J/ without directive - dependent wvariable,

// Esa input parameters can be defined as dependent

// Characters after // are ignored, use for any notice

// Environment is case sensitive!!

g// Suported function:

10i// abs,max,min,average,sin,cos,tan,tg,arcsin,asin,arccos,acos
11i// arctan,atan,arctg,arctan,ln,loqg,exp,sign, sgn, sgrt,int, floor
12// ceil,frac,not // goniometric function are in radians

13i// Predefined constant: M PI,M E,M SQRT2

L O YL IO S I O e
S
e

m

15// Example:

2.321
-4.564e-5 // wvalue for initialize

17.// const a =
18// wvar b =
1%// c=a + b
20i// d = c™3 + 1ln(a) + max(a:;b;c

// Esa Input_1 = c * sin(M _PI*d/180) // OK

// ecost = 45 * Esa Otput_1 + 45.35 * Eza Output_ 2

// Esa_Input_2 = 2 * cost // !! Error !! Cyclic Dependency
// See Environment Help for more inforamtion

S R R R R R R R R A A AR R R R R R R R RN RN A A A AR AR RRRRRRRRRRRRRRR

// Place here your user Function:

RJOR3 ORI ORI ORI ORI R
Sl s L R

:

=== Formulas are 0K === -

However, the whole step is optional. We won’t be dealing with it in this tutorial.

4.3 Optimization analysis

In the third step the optimization analysis is set. Variables, constraints and objective
are selected and the type of strategy is chosen.

All independent variables ticked in the input parameters are displayed in the first
tab. Please, pay attention to their minimum and maximum values to keep the design
inside reasonable boundaries. Any variable can be set as constant; basically it is the
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same as omitting it. We decided to remain the top level of the girder, thus z3 is
constant.

%77 Optimization analysis

4 IX’ IndependentVariablesI n-__|<.1 Cptimization I
Llser Name Initial Value Minimum Mandmum Step Constart

» z1 2.5E-00 1E403 25E:00| [ 0. 1
2 2.5E+00 1.E03 25E+00 [C] 0. O
z3 25E-00 2.5E+00 25E+00 [ 0.

The Optimization tab requires more settings - all related to the analysis itself:
7 Optimization analysis

4 xdlndependent\«fariable' n-__|<[ Optimization 4

Type of Strategy

[Nelder-M ead strategy v] l Strateqy settings

Objective

i v |Mass_max l IRUM I l

Constraint
1 seccheck_max %= 1
2 stabcheck _max <= 1
3 seccheck_max_2 <= 1
4 stabcheck _max_2 <= 1

€=

Type of strategy

) ] ) [Nelder-M ead slrateg_y v]
There are 5 strategies implemented in EOT. Each  Gadent method - S0P
strategy has its own specifications and is suitable for  Medied Simuaied Ameaing

different examples. Sometimes it is necessary to test [EFEIETEEET :
more strategies, but the detailed discussion about the ne Farametic - Gelden Section

selection of the strategies is out of scope of this  r——— -u
tutorial. For our example select the heuristic method =3
called Nelder —Mead strategy. Nelder-Mead strategy
H Property Value
Strategy settings g .,
This button enables advanced users to adjust the | fbstelemnceF 1.00e-003
. Abs. tolerance x 1.00=-003
properties of the selected strategy. Leave the defaults. o0 2 00s002
Objective 200000
K 1.00e-+000

The intention of the whole optimization is specified
here. There are two extremes that can be determined — maximum or minimum. Type a
variable name from the list of dependent variables (see the right stripe of the window)
into the white field.

Constraint

There may be some restrictions for the optimization. In our case we want to design
the structure with respect to code regulations. The unity check of all members has to be
lower than 1.0. There are two cross-sections and for both of them the section check and
the stability check is considered. There are four constraints in total: the name is taken
from the list of variables and the condition set is smaller or equal to 1.

The control in the bottom window tells us if all criteria are all right.
When ready, click button !' RUN !!
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4.4 User Solution

The user can use his own independent variables and calculate the objective and
other dependant variables anytime before or after the optimization. Fill in the white fields
in the table and click the Resolve button to run the calculation, if desired.

Usersoelution

I Resolve I

Save Project  Delete zil z2 z3 __objective _ constrain_1 _ constrain_2 _ constrain_3 _ constrain_4  Mass_max
Delete Al
Save As | Delete
Save As | Delete

1.5+00 2.3E+00 2.5E+00 229.832E+00 84218503 -241081E03 -196.422E03 257207E+00 229.832E-
14E+00 26E+00 25E+00 2883.218E+D0 -795583E03  -33765ED03 -313.838E03 1.78433E+00 2388.218E4

L)

A typical advantage of this tool is when the results is for example 0,98 and you want to apply

rounded values. In this case type 1,0 and resolve the structure with user solution.

4.5 Optimization in progress

During the optimization only the current step in the left menu is available. The
iterations can be monitored in the main window under the Optimization report tab.

/7~ Optimization in progress

Scia Engin#mjectlink 1 I g Optimization repurtl a All Solutions 3
. -—- Start Optimization --- -
Strategy: Nelder-Mead strategy - initialization successful B
Formulas Solwe base of simplex
v Iter | objective | tolF tolx
11 520.8 | 1.70=+308 1.70e+308 | Expansion
21 412.7 | 1.14=+002 1.87e-001 | Expansion
3 406.3 | 1.12e+001 3.44e2-001 | Expansion
4] 401.6 | 5.18e+001 5.47e-001 | Internal_ contraction =
51 399.8 | 4.70e+001 3.40e-001 | Reflection
& | 385.3 | 4.52e+001 3.402-001 | Expansion
oL 71 354.5 | 7.44e+001 §.422-001 | Reflection
pelimEationpniprosies 8 | 343.8 | 4.35e+001 §.422-001 | Internal contraction
' 9 1 314.6 | 3.2%9e+001 3.40e-001 | Internal_contraction
10 | 311 | 3.66e+000 1.88e-001 | Reflection
e 1 | 3.72e+004 | 3.35e+000 1.88e-001 | Reduction
12 | 308.4 | 3.6%9=+004 9.42e-002 | Reduction e
13 | 308.2 | 1.86e+001 4.71e-002 | Internal_contraction
14 | 308.3 | 1.85e+001 4.66e2-002 | Reduction
15 | 308.3 | 1.86e+001 2.332-002 | Internal_ contraction

There is also a second tab with All solutions the number of which increases during the
calculation.

T /7~ Optimization in progress

Scia Engineer project link 4 E Optimization repucl All Su\utiunsl |3
. __objective z1 z2 23 _constrain_1  __constrain_2 _ constrain_3 _ constrain_4 Mass_max Mass_min Surfac ~
1 524 413E+00 2.5E+00 25600 25E+00 -8B4.594E03 -307.852E03 -817.222E03 -307.852E-03 524.413E+00 345958E+00 852
Formuls 2 412712E+00  2.37505E+00 25200 25E+00 -B5B.439E-03  40.1254E03  772972E03  4071254E-03  412712E-00  277543E<00 751
$ 3 520.813E+00 25E+00 2.37505E+00 25E+00 -877582E03 -292501E03  -B08.75E-03 -292501E03 520.813E+00 346.188E+00 845
4 409.78E+00 2.37505E+00 2.37505E:00 25E+00 -850.961E03 -17.9714E03 -761.682E-03 -179714E03  409.78E+00 2Z77545E+00 744
Optimization analysis 5 406.332E+00 2.31257E+00 2.31257E+00 25E:00 -B47241E03 -39.7656E03 -761.101E-03 -397656E-03 406.332E+00 276288E+00 73§
3 405.255E+00 2.18762E+00 2.43752E+00 25E+00 -857.745E03 -123492E-03 -783.988E-03 -123492E03 405.255E-00 273738E+00 737
. 7 401.559E+00 2.03144E+00 2.46876E+00 25E+00 -856.619E03 -201.905E-03 -802.06SE-03 -201.905E-03 401559E-00 271.098E-00 7307
User Solution 8 354.857E+00  1.96836E+00 2.28134E+00 25E+00 -B459.508E-03 -195.958E-03 -790.373E-03 -195.958E-03 394.857E+00 269487E+00 7.6
9 354.532E+00 1.76552E+00 2.17201E+00 25E+00 -839.657E03 -240.543E03 -730.352E03 -146727E-03 354532E+00  265.95E+00 6.63
/‘/‘// 10 229.946E+00 1.48478E+00 2.32819E+00 25E+00 -805.459E03  -30.654E03 -Z23.382E-03 1.6461E=00 229.946E+00 207693E+00 4399
Optimization in progress n 281.285E+00 1.07083E+00 2.336E-00 25E+00 -825085E03 -240.332E03 -508.133E-03 -240.332E03 281.285E+00 259.755E+00 537
12 399.771E+00 2.10563E+00 2.31648E+00 25E+00 -850.295E03 -140.975E03 -780.244E-03 -1405975E-03 399.771Es00 272027E+00 7.2¢
' 13 355.894E+00 1.695173E+00 2.32429E+00 2.5E+00 -854 6E03  -317.984E03 -7e4178E-03 -3175B84E-03 355.894E+00 265318E+00 667
14 385.348E+00 1.84011E+00 2.01972E+00 25E+00 -828856E03 -200598E03 -775.819E-03 -200598E-03 385348E+00 267447E+00 657
Rt 15 378.591E+00  1.74444E+00  1.7952E+00 25E+00 -B06.773ED3 -190.693E03 -757.579E-03 -150.693E-03 378.591E+00 26678SE+00 6.82

The bottom status bar shows the progress, total time, average time per one solution
and there are also two important buttons for pausing or stopping the optimization.

Number of Scia Engineer =] -_’ Time : 14:49  Awg. time per solution : 00:16.6 [ Pause ] [ Stop ]
calling:
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4.6 Result
If the optimization is successful, no signal appears at the end.
There are three tabs in results which offer different outputs.

The Optimization Protocol shows information about iterations and you can study
the progress of the optimization. At the end there is also a note about the completion
and total calculation time.

ReSsult
4 I g OptimizationProtocolI j{ Best Solutions aAIISOIutions 2

34 | 289.5% | 1.34e-002 7.75e-004 | Expansion ~
35 | 289.3 | 2.13e-002 1.35e-003 | Internal contraction
36 | 289.3 | 1.35e-002 1.27e-003 | Internal contraction
37 | 289.3 | 1.1lge-002 1.272-003 | Reflection
358 | 289.3 | 1.13e-002 1.27e-003 | Internal contraction
39 | 289.3 | 6.04e-003 7.47e-004 | Internal contraction
40 | 289.3 | 3.44e-003 4.88e-004 | Internal contraction
41 | 289.3 | 2.41e-003 4.55e-004 | Internal contraction
42 | 289.3% | 1.63e-003 4.55e-004 | Expansion
43 | 289.3 | 2.50e-003 7.65e-004 | Expansion
44 | 289.3% | 4.87e-003 1.29e-003 | Expansion
45 | 289.3 | 8.07e-003 2.18e-003 | Expansion i
46 | 289.3 | 1.40e-002 3.67e-003 | Internal contraction
47 | 289.3% | 9.60e-003 2.42e-003 | Expansion
48 | 307.9 | 1.43e-002 3.43e-003 | Reduction
49 | 307.9 | 1.86e+001 1.72e-003 | Reflection E
50 | 307.8 | 1.86e+001 1.72e-003 | Reflection
51 | 307.8 | 1.86e+001 1.72e-003 | Reduction
52 | 307.9 | 1.86e+001 8.58e-004 | Reduction
53 | 307.9 | 1.86e+001 4.2%e-004 | Internal contraction
54 | 307.9 | 1.86e+001 4.289e-004 | Reduction
55 | 307.9 | 1.86e+001 2.14e-004 | Internal contraction
56 | 307.9 | 1.86e+001 2.14e-004 | Reduction

Cptimization task has converged !!
——— Strategy converged —-—-

Total time : 48:31.3

Average time per solution : 00:14.3

Best Solutions tab offers one or more solutions that are considered to be the best.
You can save such a solution as a Scia Engineer project (Save As button) or set the
calculated values as initial ones and run a new optimization (Set Initial button).

u e
?Optlmlzatlon Protoco§ % BestSolutions a All Solutions 3

Save Project Set initial __obiective z 2 z3 _ constrain_1 __constrain_2 _ constrain_3 _ constrain_4 Mass_max
[ Save As | 1 281.285E-00 1.07083E-00 2.336E-00 2.5E+00 -825.055E-03 -240.332E03 -508.133E03 -240.332E-03 281.285E

There are also All Solutions that have been found during the optimization. One can
compare them or search for a solution which is not necessarily the best one but more
suitable for the user. Any item can be also saved as a project or set as initial for the next
optimization attempt.
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'y I b

Cu
4 5 optimization rotocol | 8 Best solution- | {@g ANl Solutions b

Save Project  Set initial __objective z1 z2 z3 __constrain_1  __constrain_2 _ constrain_3 _ constrain_4 Mass_m *
Save As I Set initial | 1 524 413 E+00 25E+00 25E+00 25E+00 -B845%4E03 -307.852E03 -817.222E03 -307.852E-03 52441
Savefs | Setinial |2 454 089 E+00 2.37505.E+00 25.E400 25E+00 -858841.E03 6955843 E03 -825.812E03 -695843E03 45408
Save As | Set initial | 3 520.813.E+00 25E+00 2.37505.E+00 25.E+00 -877582E-03 -292501.E03 -808.75.E03 -292501.E03 52081|%
Save As I Set initial | 4 450258 E+00 2.37505.E+00 2.37505.E+00 25E+00 -B54525E03 -B63482E03 -B17.199.E03 -56.3482E-03 45025
Save As Set initial | 5 446141 E+00 231257 E+00 2.31257.E+00 25E+00 -850962E02 -78V/81ED3 -B6791.EL3 -FRYVE1EDI 446714
Save As Set initial | & 405255 E+00 2.18762.E+00 2.43752.E+00 25E+00 -B857745E03 -12345%2E03 -783988.E03 -1234%2E03 40525
Save As Setinial | 7 401 559 E+00 203144 E-00 2.46876.E+00 25E+00 -856615.E03 -201.905.E03 -302.065.E03 -201505E03 40155
Save As Set initial 8 354 857 E+00 1.96B96.E-00 228134.E+00 25E+00 -B49508.E03 -195958.E03 -750.373.E03 -195958E-03 354385
Save As Set initial 9 354 532 E+00 1.76892.E+00 2.17201.E+00 25E+00 -839657E03 -240543E03 -730.352.E03 -146727E-D3 35453
Save As Set initial 10 247254 E+00 148478 E-00 232315.E+00 25E00 -B12173E03 £159762E03 -h59.499.E03 615762E03 24725
Save As Set initial 1 281.285E+00 1.07088.E+00 2.336.E+00 25E+00 -825055.E03 -240332E03 -508.133.E03 -240332E03 28128
Save As Set initial 12 336.036 E-00 B05.366.E03 2.03925.E+00 25E+00 -820973.E03 121024E03 -537592E03 121024E03 336503

Save As Set initial 13 666.009E-00 19233.E03 1.82445E+00 25E-00 42054 E02 -152422E03 -216476E03 216482E03 666.00
Save As Set initial 14 357442 E+00 172432 E+00 2.36138.E+00 25E+00 -855011.E03 -311.382E03 -763773E03 -311382E03 35744

Save As Set initial 15 279106 E+00 111188 E+00 214663 E+00 25.E+00 -831447E03 -273507E03 -435.405.E03 -273507E03 27510
Save As Set initial 16 279106 E+00 1.11188.E=00 2.14663.E+00 25E00 821447 E03 -273507E03 -439405E03 -273507E03 279.10
Save As Set initial 17 336.036 E+00 805.366.E03 2.03325.E+00 25E+00 -820973.E03 121024E03 -537992E03 12.1024E03 33603

Save As Set initial 18 500.105.E+00 416.849.E03 231062 E+00 25.E+00 -709.05.E03 -88.1407E03 -709.05.E03 -88.1407.E-03 500.10
Save As Set initial 19 228245 E+00 142865.E+00 220666.E+00 25E<00 79582503 11.0937E03 -196.347E03 205947 E+00 22824

Save As Setintial | 20 406648 E+00 7H4117ED3 227557 E+00 25.E+00 -BD6555.E-03 -27V5.061.E03 -389.505.E03 -275.061.E-03 406.64
Save As Setinttial | 21 280088 E«00 1.09138.E=00 224131.E+00 25E+00 -835307E02 -263303.E03 -514401E03 -263303E03 230.08
Save As Setinttial | 22 320367 E+00 14389E+00 2715332 E+00 25E+00 -341504E03 -377838.E03 63343E03 -377838E03 32096

Save As Setinitial | 23 330.828 E+00 7e4.366.E03 222862 E-00 25.E+00 -78963.E03 916382E03 -410.718.E03 91.6382E03 338.82
Save As Set initial I 24 457971 E«00 427099.E03 226328 E+00 25E00 -718059.E03 -102714E03 -718.059.E03 -102714E03 49797
Save As Setinitial | 25 280558 E+00 1.27027E+00 2.17664.E+00 25.E+00 -B33.35E-03 -335.314E03 -311.659.E03 -335.314E-03 280.35
Savefis | Setintial | 26 327 655 E+00 933E03  22M3E+00 25E+00 -828307E03 -381606.E03 -106769.E03 -383.1606E03 32765
Save As | Setintial | 27 327 655 E+00 933E03  22M3E+00 25E+00 -328307E03 -381606.E03 -106.763.E-03 -33.1606E-03 32765

Cowa Ao | Cot imitizl |20 ANR BRO E.NN TRA 2R ENT 373007 Eunn TFREAN MATTIENT JRARTIENT A8 MIREENT P04 R BN ANR BR

Three buttons in the bottom right corner enables the user to Save protocol (the
same as you see on the screen, in *.txt format), Save tables as CVS or Export (results)
to Excel. The last option opens Microsoft Excel with a new file containing three tabs —
exactly the same as in Results of the EOT application. The advantage of such an export
is that you can insert illustrative graphs to demonstrate the optimization process.

D E F G H 1 J K L M N o P Q R s T U v w X Y z
122 23 D1 D2 __constrai_constrai_constrai _constrai Mass_may seccheck_stabcheck seccheck_stabcheck_max_2
2 25 25 0,07 005 088459 030785 081722 0,37067 5244128 0,115406 0692148 0182778 0629337 0,692148
3 25 25 0,07 005 088486 033755 -0.82255 041363 5208325 0115138 (066245 0177453 05863747 0,66245
4 2,455 25 007 0.05 -0.88215 030241 -0,81421 -0,36393 523.0602 0.117846 0,697591 0.185785 0,636071” 0.6975%1 550
5 25 25 0,0685 005 088218 027006 -0.81733 -0,36444 5157639 0,117825 0,729943 0182669 0635558 0,729943 e
6 25 25 007 0049 088423 -0,30471 -0.81286 -0,33394 520,1639 0,115765 0695289 0,187142 0,666059" 0696269 500
T 24775 25 006925  0.0495 -0.88247 -0,30399 -0.81626 -0,36377 5154902 0117531 0,69601 0183743 0,636227" 0.69601 =
8 246625 25 0068875 004925 0.88138 0,20074 0.81578 -0,36663 511,0585 011862 0709264 0184224 0,63337170.709264 Paso |
9 2473281 25 0069672 0049781 -0.88276 -0,30836 -0,81566 -036262 519,982 0,117241 0691642 0,184335 06373797 0,691642 x W
10 2492441 26 0069631 0049754 -0.88409 -0,32116 -0,81898 -0,38613 518,7779 0,115907 0676836 0,181017 0,6136757 0676836 w0
11 2491497 25 0069585 0049348 -0.88343 -0.30602 -0.81491 -0,35282 5182764 0.116566 0693982 0185091 0647177 0.693982 gm 4
12 2480414 25 006941 0049685 -0.88277 020631 08162  -0.363 517,9728 0,117228 0703689 0,183795 0,637002" 0,703689 WP e er—————
13 249468 25 0068086 0043491 088278 028695 -08173 036309 6138579 0,117217 0713052 0,162701 06319077 0,713052 100 AL
14 2476639 2,6 0068554 0049387 -0.88079 -0,25883 -0,81312 -0,33469 512,7505 0,119212 0741174 0,186875 0,6653087 0,741174
15 2470155 25 0068085 0049813 -0.88009 -0.26319 -0.81631 -0,36147 5104848 0.119906 0736813 0183694 0,6385347 0.736813 250 . . . .
16 2476108 25 0067507 0049541 -0.87941 -0,24413 -0,81507 -0,34628 507,0398 0,120593 0755865 0,184934 0,6537187 0755865 o 1o 15 200
7 2473966 25 0066691 0043465 067765 021167 -08145 033747 5016715 0,122354 0786326 0185499 0,662533” 0.766326 Number of iteration
18 2443499 25 0067602 0048959 -0.87775 -0.25143 -0.81244 -033761 5022248 0.122248 074857 0,187564 0,6623867 0.74857
19 2415249 25 0067153 0048439 0.87544 0.24168 0.80988 033015 4955412 0.124563 0758323 0190123 0,669854 0.758323
20 2450291 25 0067072 0049358 -0.87763 -0,24648 -0,81644 -036936 4099614 0,122367 0753522 0,183563 0,630644 0753522
21| 2437116 26 0066331 0049343 087597 -0,22717 -0,81816 -0,3809 493,6341 0,124034 0772829 0,181838 0,6190987 0,772829 18
|22 2446113 25 0065479 0049542 -0.87421 -0.16689 -0.81493 -0,34942 4928501 0,125734 0833107 0.18507 0,650584” 0,833107
23| 2436044 25 0063781 0049688 -08703 -0,10608 -0,81455 -033908 4837343 0,129697 0893915 0185451 0,6609257 0,893915 16
24| 2425152 25 0064118 0048917 -0.87085 -01254 -0,81346 -0,33362 480,702 0,129451 0874605 0,186545 0,666379" 0874605 l
25| 2402651 26 0062135 0048469 -0.86521 -0,04638 -0.81201 -0,31776 4651457 0134788 095362 0,187987 0,682242” 096362 14 |
26| 2431384 25 0061867 0049525 -0.86646 -0.0277 -0,8172 -0,34577 4697879 0,133537 072299 0,182797 0654234 0.972299 = , 1
27| 2425326 25 0059 0049807 -0.85967 0,089605 -0,81968 -0,34794 4536411 0,140333 1089605 0,180321 0,652057” 1,089605 g12
28| 2,379643 26 0060367 0049044 -0.86046 -0,00423 08166 -0,3515 454,8513 0,139542 0995771 0,183401 0,648504” 0996771 £, ! '
29 2,332486 25 0057205 0048832 -0.84992 0142017 -0.81789 -0,35749 431,9318 0.150081 1142017 0182114 0,6425057 1.142017 >
30 2450377 25 008511 0049362 -0.87376 -0,15588 -0.81497 -0,34178 489.7787 0.126237 0844115 0.18503 0,6562187 0.844115 Eos
31 2403221 25 0061948 004915 -08652 -0,06272 -0,81602 -0,34888 4664197 0,134804 037276 0183982 0,6511237 0,937276 ST W
32 2399533 2,6 0068534 0049073 -0.85633 0,159882 -0.81185 -0,28821 44,7962 0,143671 1169882 0,18815 0,711787 1,159862 05 . . . .
33 238074 25 0054636 0048937 -0.84405 0449409 -0.80889 -022132 42628 0.155047 1449409 0191107 0,7786857 1.443409 N o 100 150 200
34 242772 25 0064382 0049276 087155 -01475 -0,81654 -035983 4824468 0,128449 0852502 0,183459 0,640167 0,852502 Number of iteration
35 2408929 25 0060484 004914 -0.86178 0,061226 -0,81338 -0,31163 460,0281 0,138225 1061226 0,186617 0,688366  1,061226
36 2,396444 26 0061385 0048521 -0,86334 -0,06098 -0,81654 -0,3581 456,3367 0,136168 0939018 0,183466 06419017 0,939018
37 2,376644 25 0.060186 0,047938 -0.86033 -0,02236 -0.81782 -0,36708 445.9118 0.139668 0,977636 0.182178 06329187 0.977636

This result shows quite remarkable material savings, as the original mas 524 kg was
finally reduced to 281,2 kg, only by means of optimization of geometry of the structure!
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5. Conclusion

If you save the selected result using button “Save As” (see picture above) and open

the saved .esa file, you will get the corresponding structure (see also attached file Steel
truss girder_best.esa).

Important note:

The structure saved this way contains the status corresponding to the values of
parameters. To get also correct cross-sections, it is necessary to run Autodesign
function manually!

Run linear analysis and Autodesign afterwards in Scia Enigneer. Use the
Optimization Routine for iterative design (due to reasons described in chapter 2.2). Let

the software determine automatically how many iterations are necessary and click the
button Start.

B Owverall Autodesign | 28 |
KLIP 4 e S S-d A .
o1 MName  [O1
Selector switch O
Type of loads Load cases |
Load cases LC hd
| Autodesign type Cross-sections steel check
Set number of Autodesign iterations
(@ Determine automatically
() Limit number of iterations
3
[ MNew ][ Insert ” Edit ” Delete ] [Optim.:{nutine ][ Autodesign all ” Calculate ][ Close ]
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For more information, you can see the final cross-section dimensions with optimal
utilization in the preview window which appears at the end of Autodesign.
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Using function Bill of material you can see detailed output of mass related to each
cross-section.

LR

498

o
-

@@ & LS B[Sk, B «
Preview a
BS| | |50 mww - | i T defaun - B - B &
Bill of material
Name Mass Surface Volume
k [m2] [m3]
Total results : 28128 5,379 | 3,5832e-02
Ccss Material Unit mass Length Mass Surface Unit volume mass Volume
[kg/m] [m] [kd] [m?7] [kg/m=] [m?]
CS1- Tube (63;9) |S 355 11,98 | 21,677| 259,76 4,290 785000 | 3,3090e-02
CS2- Tube (19;3) |S 355 117 18,480 21,53 1,088 785000 | 27426e-03
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