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Chapter 1

Introduction to calculation

Once the model of an analysed structure is created, the calculation of required type may be performed.

SCIA Engineer applies the deformation variant of finite element method. The employed beam finite element takes account
of shear deformation.

Detailed information about the applied calculation methods may be found:

« inthe following chapters and

« inaseparate book Advanced calculations accessible via menu function Help > Contents > Advanced calculations.
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Checking the data

Checking the data

Introduction to check of data

Itis a good practice and sometimes even necessity to check the data of the model from time to time or at least before cal-
culation. Especially for excessive models that have been modified by means of various manipulation functions, it may hap-
pen that the model contains some invalid or obsolete data. Such data should be removed from the project as they:

 OCCUPY memory unnecessarily,

« could mislead some functions.

SCIA Engineer provides aN easy-to-use wizard that automatically searches the project and reveals improper or invalid

data.

Note : The check of data is important from one more point of view. By default the inter-
secting 1D members are not joined to each other. If they are supposed to act together, a
linked node must be defined in their intersection. The Check of data function traces such
places and suggests the user to make an automatic connection of affected 1D members.
This operation may thus resolve possible future problems with numerically unstable solu-

tion.

Parameters of data check

The Check data function tries to reveal invalid data in the project.

Check of nodes

Search This option is ALWAYS ON. This check ensures that nodal data are correct. This option is a kind of pro-

nodes tection against possible damage of saved data.
If ON, the program searches for nodes with identical co-ordinates If two nodes of identical position are

Search found they are merged into a single node (i.e. one of themis removed).

duplicate

nodes The value defined in Minimal distance between two points in the Mesh Setup dialogue is used for this
check.
This option is effective only if parametric nodes have been defined in the project.
If ON, only the co-ordinates (calculated from input parameters) are checked. If two nodes of the same co-
ordinates are found, they are merged into one node.

Ignore ) ) )

aramelers If OFF, the check procedure consists of two steps. First, the co-ordinates are checked. If any two nodes of

P the same co-ordinates are discovered, the defining parameters are check in the second step. If the two
nodes are defined by means of the same parameters, they are considered duplicate and merged into one.
If, however, the two nodes are defined using different parameters or different formulas, the nodes are let
unchanged.

Ifthe Check of nodes discovers any disorder or "mess" in nodal data, another dialogue is displayed.

Members with

This item shows the number of discovered undefined nodes. Such nodes MUST always be corrected
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Chapter 2

undefined .
and therefore the checkboxis ALWAYS ON.
nodes
If any free nodes are found in the project (i.e. nodes that do not belong to any member) the user may
delete them.
Free nodes
Itis recommended to delete any free nodes unless the user has a specific reason for their existence in
the project (e.g. free nodes may represent a temporary state during the definition of a complex model).
Any duplicate nodes found in the project are reported here and it up to the user whether they will be
Duplicate deleted or not.
nodes

Itis recommended to delete duplicate nodes.

Check of 1D members

Check
b The user may decide if 1D members in the project should be checked or not.

eams
Search ) ) )

I 1D members of zero length are found. If such 1D members are discovered in the project, they are always
nu
deleted.

beams
Search This check goes through the model and traces double 1D members, i.e. 1D members of identical position, ori-
duplicate | entation and length. If such 1D members are discovered, the user may decide whether they should be pre-
beams served or whether only one of the identical 1D members should be keptin the project.

@

Note: Any two 1D members are considered identical if they have identical end nodes. If two
different 1D members defined by means of four different end nodes "lie" one on another,
they are not identical under the terms of this check. However, if standard check options are
selected, the check procedure discovers duplicate nodes first, merges them, and con-
sequently also the two 1D members become identical under the conditions of the check.

Check of structure

Contrary to original versions of SCIA Engineer, version 5 DOES NOT perfom the check of
structure within this function. That means that any problems in connection of "touching"
members are not solved by this function.

A separate function Connect members/nodes must be used for this task. The function can
be found in tree menu Calculation, Mesh; on toolbar Geometry manipulation; or in menu
Modify.

Check of additional data

Check addi- | The program checks all additional data (e.g. loads, supports, etc.) and verifies the position of these data on
tional data | members. For example, some loads might have got out of 1D member during manipulation functions. Such
position improper data are corrected.

@

Note: For the procedure read chapter Performing the check of data.
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Checking the data

1.

N o o &~ e Dd

10.

Performing the check of data

The procedure for the check of data

Start function Check of data:
1. either using menu function Tree > Calculation, mesh > Check structure data,
2. orusing tree menu function Calculation, mesh > Check structure data.
The Check data wizard opens the setup dialogue on the screen.
Select the data types that should be searched and verified.
Start the check with button [Check].
The program scrutinises all the project data.
If no disproportion is revealed a message telling that no problems have been found is issued.

If something suspicious has been discovered, the wizard displays the statistics in the dialogue. Numbers of invalid entities
for individual data types are stated.

Now, decide which data types should be corrected and which ones left unchanged (i.e. put a tick to the data type that
should be corrected and remove the tick from those types that should be skipped during the correction phase).

Finish the Data check with button [Continue].

The invalid data are removed from the project.

Collision between entities

Sometimes you may need to find out if specific entities do or do not intersect each other. This can be verified through func-
tion Clash check of solids.

The function can process all types of entities: 1D members (beam, column, etc.), 2D members (plate, wall, etc.), general
components (solid, open shell, etc.).

The function checks the selected entities and generates new entities (general components / solids) that correspond to the
intersection of the selected entities. The original entities remain unaffected.

The following pictures demonstrate the use of the function.

The first picture shows the result of the check on two solids (cylinder and prism).

in callision: G5E1 and G5E2

The second picture shows the same for 1D member (beam) and 2D member (slab).
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Chapter 2

The last picture demonstrates the existence of the newly generated solid in the intersection of the checked entities. Here,
the beam and slab from the previous picture were removed. What remains is a new entity (general solid) representing the
intersection of the two above-mentioned entities.

~ Objectz in collisian: S1 and B1 |

The function can be used to check one or two groups of entities.

Check of one group of entities

If just one group of entities is selected, all the selected entities are checked if they collide with any other entity from the selec-
tion.

Check of two groups of entities

Iftwo groups of entities are selected, the function checks whether any entity from the first group collides with any entity from
the second group. If two entities in the same group collide, itis not reported.

Clash check parameters

Show tree of clashes
If ON, a list of clashing entities is displayed in a separate floating window. When a particular entity or clash is
clicked in this tree, the corresponding entity or clash is highlighted in the graphical window.

Show collision description
If ON, each collision is displayed including a label.

Show transparent structure
If ON, the structure is displayed as transparent to allow for clearer view of the clashes.

Type of selection

Each group for the clash check can be defined as a (i) user selection (i.e. the user must manually select the
required entities), (ii) layer (i.e. all the entities from the selected layer are in the group), (i) named selection (i.e.
the entities from the selected named selection are in the group), or (iv) element type (i.e. all the entities of the
selected type, such as 1D members, are in the group).

The procedure to check the collision of entities
1) Open branch BIM toolbox and start function Evaluate - Clash check.

2) Select the entities for the first group to be checked.

3) Press [Esc] to complete the selection of the first group.
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Checking the data

4) Select the entities for the second group to be checked. If only one-group check is requested, simply ignore this step
5) Press [Esc] to complete the selection of the second group.
6) The collisions are displayed on the screen. Moreover, they are selected.

)

7) Ifrequired, clear the selection, or do whatever necessary with the collisions.

@ . . . .
Note: This function also checks collisions between free reinforcement bars. For more

information on free bars read the documentation for Concrete Code Check.
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Chapter 3

Generating the FE mesh

Parameters of FE mesh

The user may control the shape of the finite element mesh. The Mesh setup dialogue offers a whole range of parameters.

Mesh

Minimal dis-

ance betw If the distance between a definition point (a structural node) and a definition line (2D member edge or
nce between
defini int 1D member centre line) is lower that the value specified here, a mesh node in the definition point and

efinition poin
P amesh node on the definition line are automatically merged into a single mesh node.

and line

Average size of | The average size of edge for 2D elements. The size defined here may be altered through refinement
2Delements/ | 4fthe mesh in specified points.

curved mem-

bers Defines also the size of finite elements generated on curved members.

If required, more than finite element may be generated on a single 1D member. The value here spe-
cifies how many finite elements should be created on a 1D member.
Average num-

i The value is taken into account only if the original 1D member is longer than adjusted minimal length
ber oftiles of 1D

of beam elementand shorter than adjusted maximal length of beam element.

element
This option is useful mainly for stability, non-linear and dynamic calculations where more than one
finite elementis required per a structural member.
Automatic:
The mesh size is determined automatically according to the model
Definition of
Manual:
mesh element

size for panels This size is applied only to FEM method calculation of load panels and for the generation of loads for
individual beams or edges.

This mesh is not used for the main calculations of the whole model.

Average size of (available for Manual definition in the item above)

panel elements | pefines the mesh size for load panels.

If ON mesh on 2D members is generated much variable than in previous versions. It also allows to use

Elastic mesh ) _
automatic mesh refinement functionality.
Use automatic . ) .
If ON mesh on 2D members can be refined automatically in places where is necessary for better res-
mesh refine-
ults.
ment

1D elements (1D members)

- Ifa 1D member of a structure is shorter than the value here specified, then the 1D member is
Minimal length of beam o ) .
| ‘ no longer divided into multiple finite elements even though the parameter above (Average
elemen

number of tiles of 1D element) says so.

Maximal length of beam If a 1D member of a structure is longer than the value here specified, then the 1D member
element will be divided into multiple finite elements so that the condition of maximal length is satisfied.
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Generating the FE mesh

Average size of cables,
tendons, elements on sub-
soil

It is necessary to generate more than one finite element on cables, tendons (prestressed
concrete) and 1D members on subsoil.

For more information about this issue see book Advanced calculations, chapter Analysis of a
beam on elastic foundation versus mesh size.

NOTE: This parameter also controls the size of finite elements for beams with a phased
cross-section.

Generation of nodes in

If this option is ON, a check for "touching" 1D members is performed. If an end node of one
1D member "touches" another 1D member in a point where there is no node, the two 1D
members are connected by a FE node.

under concentrated loads
on beam elements

connections of beams If the option is OFF, such a situation remains unsolved and the 1D members are not con-
nected to each other.
The function has the same effect as performing function Check of data.

Generation of nodes If this option is ON, finite elements nodes are generated in points where concentrated load is

acting.

This option is not normally required and itis off as default.

Generation of eccentric
elements on members
with variable height

If a beam is of variable height, the generator automatically generates eccentric finite ele-
ments along the haunch.

Moreover, if this option is ON, the eccentricity of the elements may vary along the element,
i.e. the start-node of the element may have different eccentricity than the end-node of the ele-
ment.

If this option is off, the eccentricity along individual finite elements is constantand the eccent-
ricity changes in steps in nodes along the haunch.

Division on haunches and
arbitrary members

Specifies the number of FE generated on a haunch.

Division for 2D - 1D
upgrade

Specifies the number of section which are generated on beam after 2D-1D upgrade per-
formance.

Mesh refinement following
the beam type

Specifies the mode of refinement on 1D members.
None

The refinementis applied to 2D members only.
Beams and columns

The refinement applied to 1D members the type of which is adjusted to "beam (80)" or
"column (100)

All 1D members

The refinementapplied to all 1D members.

2D elements (slabs)

If ON, the generator first tries to generate in every slab a regular quadrilateral finite element mesh com-
To generate plying with the adjusted element-size parameters. Only if required, additional necessary nodes are added
predefined to the mesh.
mesh If OFF, the finite element mesh nodes are generated across the slab and the nodes are the elements are
then created from the nodes.
Maximal out | This value determines whether a spatial quadrilateral whose nodes are notin one plane will be replaced
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of plane by triangular elements. This parameter is meaningful only for out-of-plane surfaces — shells. The
angle ofa assessed angle is measured between the plane made of three nodes of the quadrilateral and the remain-
quadrilateral | ing node of this quadrilateral.

Defines the relative distance between the predefined mesh formed by regular quadrilateral elements and
Predefined | the nearestedge. The edge may consist of an internal edge, external edge or border of refined area. The
mesh ratio final distance is calculated as a multiple of the defined ratio and adjusted average element size for 2D ele-

ments.

Average number of tiles of 1D element

For static linear calculation, value 1 is normally satisfactory. On the other hand, there are several configurations when finer
division is required in order to obtain accurate results.

These are:

» beamaid on foundation requires a fine division — see chapter Analysis of a beam on foundation versus mesh size.

« dynamic calculation when a great number of eigenfrequencies is required — see chapter Natural vibration analysis versus

mesh size
 buckling calculation

« non-linear calculations

Division on haunches and arbitrary beams

The number defined here determines the "precision” that is applied in modelling of the variable cross-section along a
haunch. The higher the number, the more the model reflects the real shape. See chapter Analysis of a haunch versus mesh

size

In addition, the same rules as for a standard member must be followed here as well.

Generation of eccentric elements on members with variable height

The midline of the finite element model of a haunch-beam may be either straight (following the midline of the original "non-
haunched" beam) or "curved" (following the real midline of the haunch beam corresponding to the centre of gravity of the
cross-section).

See chapter Analysis of a haunch versus eccentric elements.

Average size of cables, tendons, elements on subsaoil
Specifies the number of finite elements generated on a beam laid on foundation.

See chapter Analysis of a beam on foundation versus mesh size.

The procedure for the adjustment of mesh parameters

1. Callmenu function Setup > Mesh.
2. Adjustthe parameters (see above).

3. Confirm with [OK].

The finite element mesh may be previewed using function Mesh generation under tree menu Calculation.
07/10/2013
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Previewing the FE mesh

For complex structures it may be useful to review the FE mesh before the results are scrutinised in detail.

Itis possible to control the display style of the mesh through a set of view parameters.

Tab Structure > Group Mesh

If ON, the mesh is displayed on the screen.
Draw mesh

Free edge is an edge of a 2D element thatis not connected to any other element.

It may be useful to see which parts of the structure are not connected to the rest of the model.

Free
d Ifthis option is ON, the free (unconnected) edges of 2D finite elements are highlighted using a thick line.
edges
This option is independent on the option above.
The user may decide about the drawing style for the mesh (wired, rendered, transparent).
Display
mode Note: Rendered and transparent option may affect the adjustment of colours for symbols relating to the

mesh (e.g. local axes).

Tab Structure > Group Local axes

If ON, the program displays local axes of the nodes in the generated finite element mesh.
Nodes

Mesh elements If ON, the program displays local axes of the generated finite elements.

Tab Labels > Group Mesh

If ON, the selected labels are displayed together with the mesh.

Display label Note: If parameter Draw mesh from tab Structure - group Mesh is OFF, no labels are displayed.

If ON, the numbers of nodes are displayed.
Nodes

If ON, the numbers of 1D finite elements are displayed.
Elements 1D

Elements2D [ IfON, the numbers of 2D finite elements are displayed.

Tab Labels > Group Labels of local axes

IfON, the labels (x, y, z) of node local axes are displayed.
Nodes

Mesh IfON, the labels (x, y, z) of finite element local axes are displayed.

-23-



o o B~ w N

Chapter 3

The procedure for the preview of finite element mesh

Open View parameters setting dialogue.

Select Tab Structure or Labels.

In the required group adjust the required parameters.
Confirm the settings.

Check the mesh.

If required, switch the mesh off again.

© Note: When the mesh generator has created mesh elements with an angle smaller than 5°

an arrow is shown on the screen so the user can easily find such elements (elements with
the angle smaller than 5° can sometimes lead to inaccurate results) Mesh refinement func-
tion is then recommended to generate a better mesh..

Analysis of a haunch versus mesh size

For haunch, the division of members into finite elements may play a significant role.

Ahaunch is an element of a variable cross-section. A 1D finite element used in SCIA Engineer, on the other hand, is an ele-
ment of a constant cross-section. Therefore, the effect of the varying cross-section (most often of a varying depth of the
cross-section) must be modelled by means of a finer finite element mesh.

The practical application is shown in the figure below.

!
!
Ufes2 | Lfe/2 | Lfef2 ‘ Lfe/2

¥ X

Lfe = Lh/2 Lfe = Lh/2

The example shows a beam with a haunch stretching over a half of total beam length. Let's assume that the division is set to
"2 finite elements per a haunch". When the finite element mesh is being generated, each haunch is cut into the specified
number of segments, i.e. into two segments in our example. Then, the dimensions of the cross-section in the middle of each
of the segments are calculated. These dimensions are used to create an ideal cross-section of the corresponding finite ele-
ment.

The approach presented above means, that the higher the number of finite elements per a haunch is, the more realistic
model of the haunch is obtained. On the other hand, from a practical point of view, it is not necessary to generate "over-
precise" haunches. The gain in the numerical precision is not in proportion to the number of finite elements per haunch.
There is a big difference in the precision of results for very course division and for considerably fine division. But the dif-
ference between the considerably fine division and extremely fine division is almost negligible. Compare the deformation cal-
culated for division equalto 1, 2, 10 and 50 finite elements per haunch.
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analysed beam

.'".
1 FE per haunch (deformation
given in millimetres)
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2 FEs per haunch (deformation
given in millimetres)
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10 FEs per haunch (deformation
given in millimetres)
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50 FEs per haunch (deformation
given in millimetres)

What's more, the above stated facts are not applicable to all cases. What also influences the "reasonable” division is the rel-
ative length of the haunch. If the haunch extends along a considerably smaller part of the beam, the required number of
finite elements per haunch decreases. See another example.

analysed beam

1 FE per haunch (deformation 4
given in millimetres)
2
o
M
I
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10 FEs per haunch (deformation
given in millimetres)

= 33k

Analysis of a haunch with reference to eccentric ele-
ments

By default, a haunch s idealised by a set of finite elements that vary in cross-section from one element to another and whose
middle axes lie in one line. This idealisation corresponds fully with a haunch whose midline is straight and whose both sur-
facesareinclined (see Fig.).

In practice, however, one more often comes across a haunch with an aligned top or bottom surface (see Fig.).

In this second case, the midline of the beam is not a straight line but it resembles an arch. This produces an arch effect
whose practical outcome is shown in the following set of pictures.

Let’'s assume a simply supported beam with both ends pinned subjected to a concentrated force load located in the middle of
the span.
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The first finite element model (option "Generate eccentric elements on haunches, arbitrary beams" is OFF) gives dis-
placement in the middle of the span equal to 13.4 mm.

-13,

If however, the option "Generate eccentric elements on haunches, arbitrary beams” is set ON, the result displacement
measured in the same place isonly 11.8 mm.

11,

The difference is about 12 percent, which is quite significant.

¢ One must be aware of a "side effect" of the latter approach. Consider once again our

model example of a beam pinned on both ends. None of the hinges provides for a hori-
zontal movement. The midline of the beam is an "arch-like" curve and this means that
under given loading conditions axial force appears in the beam. As there is an eccentricity
introduced into the model, there will be a bending moment in both end-points of the beam.
The moment in the support will be equal to the product of calculated axial force and intro-
duced eccentricity.
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Axialforce diagram looks like:

0
jua]

G

The depth of the haunch on its left-most side is equal to 1 metre. An easy calculation gives:

axial force * eccentricity equal to a half of the haunch depth = bending moment

(88)*(1/2*1.0) =44

Natural vibration analysis versus mesh size

A natural vibration calculation is not a very complex problem. Nevertheless, one important point should be emphasised. In
order to obtain greater number of eigenmodes (and natural frequencies as well) finer mesh of finite elements must be used.

This must be fulfilled for both beam and plane elements. The effect of mesh density will be demonstrated on a simple planar
frame.

M2 B~ M4
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I
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=
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The frame consists of three beam members. The default mesh division (i.e. the generation of a single finite element per a
beam) would lead to a numerical model containing there are three finite elements and four nodes from which two nodes are
supported. The structure has six degrees of freedom if solved as a 2D problem (Frame XZ project). The degrees of free-
dom are a vertical translation, a horizontal translation and a rotation in each of the corners. Therefore, six eigenmodes at
most may be calculated for such a structure. If more eigenmodes than degrees of freedom are required a warning is issued
and the calculation is terminated. Moreover, the calculation is abnormally terminated even if six eigenmodes are required
since the algorithm works internally with increased number of eigenmodes. The fact that the higher eigenmodes are not cal-
culated in our example has a significant advantage. If they were calculated they would show a significant numerical error
caused by the coarse finite element mesh. Thus, the calculated results for the higher eigenmodes would be practically unus-
able. As a result, if higher natural frequencies should be calculated, finer mesh must be generated for the structure. The
comparison of results for both coarse and fine finite element mesh is shown below. It can be clearly seen that while the first
eigenmode is almost identical for both variants the other one differs.

BhE BS Wb d

Eigen fregquencies
Eigen frequencies

Masz combination © Chil

coarse mesh M f omega omega™2 T
- [Hz] [1izec] [1fzec"?] [zec]
1 FE per beam)
1 10,06 53,22 3996 a7 o410
2 F3.81 2243 451263 0,035

BxE BS Wb z

Eigen fregquencies
Eigen frequencies

Mass combination © Chil

finer mesh il f amega amega™2 T
- [Hz] [1tsec] [1tzec"2] [zec]
4 FEs per beam)
1 10,05 E315 3987 32 o010
2 2550 160,19 25661 14 0,04
| Mame

For instance, the deflection of the horizontal beam is completely different due to the absence of the node (mass degree of
freedom) in the middle of the span. The natural frequency of the frame with lower number of degrees of freedom is higher
just due to a lack of mass degrees of freedom, i.e. due to smaller portion of inertia energy in the total deformation energy of
the system. This error grows rapidly with an increasing frequency.

Asimilar result may be examined for another example. Now, let's consider a two-storey frame:
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The effect of the finite element size is now even more significant as one frequency has been skipped in the calculation per-
formed for the single-element-per-beam division.

BhE BS Wi o

Eigen freguencies
Eigen frequencies

Masz combination . Chil

M f omegs omegs™2 T
coarse mesh - [Hz] [1izec] [1izec®d] [zec]
1 FE per beam) 1 4 67 29,31 859,29 0.1

2 15,92 100,03 1000525 0,06

3 29,65 186,28 34701 86 0,03

4 44 59 252M 79531 66 002
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BhE BS Wb d

Eigen frequencies
Eigen frequencies

Mass combination © Chid

il f omega omega"2 T
finer mesh [Hz] [1izec] [1fzec"d] [zec]
4 FEs per beam) 1 4 66 29,30 858,43 0,21

2 15,87 99,72 9943 36 0,06

3 23,85 14952 22445 56 0,04

4 29,23 1583 65 33736,55 0,05

Analysis of a heam on elastic foundation versus mesh
size

As stated earlier, finite element mesh where one 1D finite element corresponds to one beam member is satisfactory as far
asthe precision of resultsis concerned. However, and it was stated as well, there are exceptions to this rule.

One of the exceptions is a beam laid on elastic foundation. The following table compares results for three different finite ele-
ment divisions.

The table shown diagrams of vertical displacement, bending moment and shear force for three different meshes. The first

one has got only one finite element on the beam. The other one has got two elements generated on the beam. The last one

then shows results for a very fine mesh. It is clear that the distribution of both displacement and internal forces is con-

siderably affected by the "coarseness" of the mesh. The reason is that for a beam supported by a foundation strip, the deflec-
tion curve (displacement diagram) is no longer a cubic parabola applied in the implemented finite element.

Therefore, it isimportant to remember that the finite element mesh fully sufficient for "standard" beams is completely unsuit-
able for analysis of members on foundation. The default settings reflect this phenomenon and are tailored for most of com-
mon structures. In some special cases however, additional, user-made, tuning of the mesh generation parameters may be
necessary in order to obtain relevant and accurate results.

Vertical displacement

| FE per beam |
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Bending moment
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Mesh refinement

Mesh refinement

The finer the finite element mesh is, the more accurate the obtained results are (i.e. the closer to the theoretically correct
ones) and the more time consuming the solution is and the more disk space is needed both during the calculation and for
storage of the results. The mesh size should be adjusted considering the load the structure is subject to and taking account
of the requirements on the calculation.

The generation of the mesh is based on the adjusted size for 2D elements. The generator creates such elements whose
edge size is as close to the adjusted value as possible. Also the division of slab / shell borders and internal edges is based on
this. Any internal nodes of slabs/ shells are taken into account as well.

The mesh must be made finer in certain areas. The mesh may be refines in a circular area around a specific point, in a band
along a defined line or over the whole slab / shell.

If any two refinement areas overlap anywhere, the smaller element size is used. The refinement area does not have be fully
inside the "master" slab /shell. Only a part of the refinement area may be located inside it.

Refinement around a node

The refinement areais circular with its centre in a specified point. The finite element size outside the circle is the standard FE
size for 2D elements adjusted in FE mesh setup dialogue. The element size in the centre of the circle is the given refined
value. The size of elementsin between varies linearly from the two limits.

Name Identifies the refinement.

Radius Defines the radius of circular area where the mesh will be refined.

Rali Defines the ratio between the average element edge size in the centre of refinement area and the
atio

average preset element size.

Defines possible shift of the centre of refinement area from the specified point. Thus the refinement

dx, dy, dz )

area may be placed anywhere in the structure.
Type of pointmesh Linear increment = elements atthe end are larger, elements in the middle are smaller
refinement

Equidistant - only 1D element = the elements are uniformly refined

The procedure for the adjustment of node refinement

. Call function Node mesh refinement using tree menu function Calculation, mesh > Local mesh refinement > Node mesh
refinement.

Adjust the parameters (see above).

Confirmwith [OK].

Select nodes where the refinement should be used.

Close the function.

If you want to refine also mesh of 1D members , you must allow this in Mesh setup - see the
Parameters_of_FE_mesh chapter.

Refinement along a line

The finite element size is reduced along the specified line.

-36-



ok~ w D

o &~ N
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Name Identifies the refinement.
Size Defines the size of refined elements.
9

Note : If this type of refinement is used without proper attention, it may result in really
“strange" shapes of finite elements along the selected line. This may happen especially if
the size along the line is too far from the standard element size that is used for other edges
of the elements along the selected line (see the figure below).

The procedure for the adjustment of line refinement

refinement.

Call function Line mesh refinement using tree menu function Calculation, mesh > Local mesh refinement > Line mesh

Adjust the parameters (see above).
Confirmwith [OK].
Select the line along which the refinement should be used.

Close the function.

Refinement across an area

The finite element size is reduced over the specified area.

Name

Identifies the refinement.

Size

Defines the size of refined elements.

The procedure for the adjustment of line refinement

refinement.

Call function Line mesh refinement using tree menu function Calculation, mesh > Local mesh refinement > Line mesh

Adjust the parameters (see above).
Confirm with [OK].
Select the regions over which the refinement should be used.

Close the function.
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Calculation types

General calculation parameters

Any type of calculation can be controlled by means of a set of parameters.

Proper FEM ana-
lysis of cross-section
parameters

If this option is ON, torsional constant and shear relaxation are calculated by means of finite ele-
ment method for cross-sections defined as (i) general cross-section, (i) geometric shapes or (iii)
wooden sections.

Neglect shear force

This setting has effects on beams.
The option ON means

o The shear areas are equal to each other

A, = A, = A4,

The option OFF means :

deformation o Shear areas are computed exactly, using numerical integration.
A =B g A
y B, ' TF B.
A S
y .
By, = v J 7 dA > 1,0 — effective shear coef.
NOTE: With this option ON, you get the same results for internal forces for SE and manual cal-
culation.
Bending theory of

plate/shell analysis

Defines if Kirchhoff or Mindlin banding theory is used.

Type of solver Direct or iterative solution type may be selected.

Defines the number of section for evaluation of results on a 1D member of "average length".
Number of sections
on average mem- Section is always created in both end points and under concentrated loads. The average length is
ber determined from the real length. Shorter 1D members contain fewer sections while longer 1D

members contain more sections.

Warning when max-
imal translation is
greater than

If the maximal value of translation specified here is exceeded, the user is asked to confirm that she
still want to review the results. This parameter is linear and nonlinear analysis .

Warning when max-
imal rotation is
greater than

If the maximal value of rotation specified here is exceeded, the user is asked to confirm that she
still want to review the results.

This parameter is linear and nonlinear analysis .

Printtime in Cal-
culation Protocol

If ON, the calculation report contains start and end time for performed calculations. If OFF, this
information is not stated.
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Note: The adjustment of these parameters may affect the layout of the calculation dialogue
that opens on the screen when a calculation is started.

Note: For Mindlin bending theory of shell is used a mixed interpolation of transverse dis-
placements, section rotations and transverse shear strains. It is an extension of a pure dis-
placement formulation. For curvatures there is used an interpolation as the pure
displacement on based elements but for shear strain are used another one. The mixed ele-
ments are not locked and do not contain any spurious zero energy mode.

Number of result sections per member

The principle of finite element method is that the solution of the problem (in other words, the internal forces and deform-
ations in the analysed structure) is given in finite number of points, i.e. in nodes of finite elements. These values may be fur-
ther processed and result values for intermediate points of individual finite elements may be interpolated. In SCIA Engineer
the user may decide how many intermediate points should be evaluated. This is made by means of solver option: Number

of sections on average member.

When adjusting this option, one should remember that:

too few intermediate points:

« generatesllittle data, saves the computer memory, increases the speed of the programme,
« maymore or less distort the results.

too many intermediate points:

« generatesahuge amount of data and may lead to slower response of the programme,

« given more accurate distribution of result quantities.

Let’s consider a simple frame subject to load as shown in the figure below.

—

7 >}< e

The effect of number of result sections per member is shown on moment diagrams in the enclosed table. It can be seen that
very course division may result in a completely distorted distribution of the result quantity. On the other hand, too fine division
gives nicer picture indeed, but does not contribute to the real essence of the result.
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The programme remembers some of the previously made settings and may combine them
with the current setting. It may happen that the currently adjusted number of result sections
per member has no effect on the display of result diagrams. It will be most likely due to the
fact that a different, finer division has been used before or for another calculation type. If
this happens and if the reduction of the number of result sections is needed, all the results
must be cleared from the computer memory and calculation repeated for the required
value of the parameter. Use function Tools > Cleaner and option General > All Results
to remove any possible remembered data from the memory.
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Static linear calculation

When performing the static linear calculation, the user may specify the general calculation parameter to control the cal-
culation method and process.

Static non-linear calculation

The main difference between a linear and non-linear calculation is that the non-linear calculation gives such results of deflec-
tions and internal forces for which equilibrium conditions are satisfied on a deformed structure. The user should think before-
hand whether the load applied on the structure would lead to such a state of deformation that affects the resultant internal
forces and deflections. If the user thinks so, they should use the non-linear calculation at least for one selected load and com-
pare the results with those for linear calculation. Thus, the user can evaluate the effect on non-linearity on behaviour of the
structure.

The non-linear calculation in SCIA Engineer is based on the following assumptions:
« equilibrium conditions are satisfied for deformed shape of a structure,

« effect of axial forces on flexural stiffness of beams is taken into account as well,

« non-linear supports are taken into consideration,

» material of the structure is considered as linearly elastic.

Setup parameters

If any kind of non-linearity should be taken into account in a project, it is necessary to select appropriate option (or options) in
the Project data setup dialogue.

The options related to non-linearity are listed on tab Functionality.

In order to make the options accessible, the main option Non-linearity must be chosen. Once this is done, a list of options
(or they may be called sub-options) is shown.

Initial deformation and curvature
This option enables the user to define an initial deformation of a structure.

2nd order - gGeometrical non-linearity
This option enables the user to perform geometrically non-linear calculation of analysed structure.

Physical non-linearity for reinforced concrete
This option enables the user to perform iterative calculation of interaction between concrete and reinforcement.

Beam local non-linearity
This option provides for the introduction of local non-linearities on individual beams.

Support non-linearity/soil spring
If this option is ON, it is possible take account of non-linearities in supports.

Friction support/soil spring
If this option is ON, it is possible take account of non-linearities in supports.

Membrane elements
This option enables the user to calculate 2D members with membrane effects.

Press only 2D members
This option enables the user to add nonlinear behavior "press only" on 2D members.

Sequential analysis
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Solver parameters

In addition to general parameters controlling the calculation, the non-linear calculation enables the user to define additional
options.

This option is available only for functionality "Geometrical nonlinearity" in project.

This is a combobox with two possibilities, where user can define geometical nonlinearity according "2nd
order" or "3rd order".

Geometrical The "2nd order" is the exact solution of differential equations according Thimoshenko theory. This settings

nonlinearity | s qjitable for mostnonlinear behavior of buildings and itis default settings. Defaultiterative method of cal-

culation is Picard method.

The "3rd order" itis an iterative solution mostly for projects with membranes and cables, where there may
be large deformations. Default iterative method of calculation is Newton-Raphson method.

This item shows which iterative method will be use by solver for this nonlinear calculation.

Method of There are four types of method: Newton-Raphson, Modified Newton-Raphson, Picard and Picard and
calculation Newton-Raphson.

User can edit this item only if geomefrical nonlinearity is setas 3rd order.

This parameter is applied for both Newton-Raphson and Timoshenko method only. The values for indi-
vidual methods are independent and remembered by the programme. Therefore, if you adjust 1 incre-
ment for Timoshenko method and four increments for Newton-Raphson method, this parameter will

Number of | ohange every time you swap from one method to the other.

increments
Usually, one increment gives sufficient results. If deformation is large, the calculation issues a warning and

the number of increments can be increased. The greater the value is, the longer it takes to complete the
calculation.

Specifies the number of iterations for the non-linear calculation.

This value is taken into account only for the Newton-Raphson method. For the Timoshenko method, the
number of iterations is automatically setto 2.

Maximum
erations The termination of calculation is controlled by means of convergence accuracy or by means of the given
maximal number of iterations. If the limit is reached, the calculation is stopped. If this happens, it is up to
the user to evaluate the obtained results and decide whether (i) the maximum number of iteration must be
increased or whether (ii) the results may be accepted. For example, if the solution oscillates, the increased

number of iterations won't help.

Coefficient that affects the tolerances used during non-linear analysis for convergence checks. Tolerance
values are divided by that coefficient. 1 means that the nominal tolerance values are used. A coefficient
Solver pre- value higher than 1 means that the tolerances will be smaller, hence the calculation will be more accurate.
dision raflo A coefficient value lower than 1 means that the tolerances will be larger, hence the convergence will be
achieved more easily. In some case of heavy non-linearity (€.g. cable or membrane structures), it might be
necessary to use less strict convergence criteria (e.g. ratio = 0.1) o allow for proper convergence of the

analysis. Note that even with a ratio = 0.1, the convergence criteria remain very tight.

Solver This parameter influences the convergence of nonlinear calculation of 1D members with nonlinear attrib-
robustness utes. A high value of that parameter ensures a more stable but slower convergence of the calculation. It

ratio can help in case of sensitive nonlinear analysis where convergence is problematic.
Plastchi If this option is ON, the non-linear calculation takes account of plastic hinges. It is possible to select the
astichinge
d 9 required national standard that will be used to reduce limit moments. If no standard is selected, no reduc-
code
tion is performed.
Geometrical If this option is ON, the second order effects are considered during the calculation.
nonlinearity

Itis possible to select either Timoshenko or Newton-Raphson method.
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For both methods, the exact solution of 1D members is implemented. It takes account of normal forces and
shear deformation for any kind of loading. Transformation of internal forces into the deformed 1D member
axisisincluded.

In addition, also available are: Modified Newton-Raphson method and Picard method.

The Picard method is regarded as complementary method. It can be used when the Newton-Raphson
method fails. The method is more robust but slower. The Picard method can be use alone (the direct iter-
ation method, using the secant stifness matrix) or in the combination with the Newton-Raphson method. In
this case the calculation starts with Newton-Raphson and then switches to Piccard.

Main differences: the Newton Raphons method uses tangent stifinesses, but Picards method uses secant
stifinesses.

Allow com-
pression in
membrane
members

Ifthis checkbox is ON, the compression in membran elementsiis taken into account.

Limits of the calculation

Total number of nodes and finite elements unlimited

Total number of non-linear combinations 1000

Maximal number of iterations (in one increment) 999

Maximal number of increments 99
[}

Note: Static non-linear calculation can ONLY be performed after the static calculation of
the same project has been carried out successfully. In other words, non-linear calculation is
a two-step procedure: (i) linear calculation must be completed, (i) non-linear calculation

can be started.

Sample analysis - guyed mast

Structure

A mast with three guy ropes. A steel tubular section has been used for a column shaft. Ropes are modelled as steel bars
with a sectional area equal to the sectional area of the rope. The structure is subject to dead load and to the effect of wind.
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Aim of the analysis

The aim is to examine a deformation shape and internal forces for the given load conditions.

Analysis

Itis quite obvious that horizontal stiffness of such a structure depends on stiffness of the ropes. In order to calculate with real-
istic rope stiffness, a deflection of ropes due to their self-weight must be included into the analysis. A slacked rope has sig-
nificantly lower stiffness than a straight rope (e.g. a rope lying on a flat pad or a rope hanging vertically). Therefore, a ful
attention should be paid to proper modelling of the ropes with regard to their ‘slackness’ (self-weigh deflection).

-44-



Calculation types

The ‘slackness’ of ropes, of course, depends on their pre-stressing. The problem of guessing the proper pre-stressing may
be an iterative process based mainly on engineer’s experience. The pre-stressing in our example has been introduced by
means of temperature load - see the figure below.

{

- .::;-'1
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Afine finite element mesh has been used to obtain high quality results with respect to the deflection of ropes. The calculation
of axial forces representing the pre-stressing due to thermal load has been carried out as linear calculation. The following
picture shows the resultant axial forces.

Let’s use these axial forces as the pre-stressing and use them for a successive calculation for the dead load. In other word,
let’s start non-linear calculation with the pre-stressing taken into account.
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This calculation procedure corresponds with the following idea about a construction pro-
cess. First, the structure is assembled in a state of weightlessness and is pre-stressed in
this state. Then the structure is subject to the effect of gravity.

The deformation shape and axial force diagram is shown in the following figure. The axial forces are the sum of axial forces
produced by pre-stressing and axial forces due to self-weight.
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As anext step, the wind calculation has been performed. ‘Tightening’ of ropes on the windward side results in increased stiff-
ness of the ropes on that side and simultaneous slacking of the ropes on the leeward side leads to dramatically decreased
stiffness of the ropes there.
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The superposition principle cannot be applied in the non-linear analysis. Therefore, the effect of the self-weight and the
wind cannot be analysed separately and then combined in the postprocessor. A combination must be created in advance
and the calculation must be carried out for this non-linear combination.

The resultant deformation shape is brought in the picture below.

And the next figure shows distribution of the axial force.

Below there is another view of axial force diagrams.
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Initial stress options

Abeam of the analysed structure may be subject to an initial stress. This pre-stress may be defined in several ways:
The approach can be adjusted in the Solver options setup dialogue.

Initial stress

If ON, some initial stress will be defined.

Initial stress as input
If ON, the initial stress is specified by a fixed user-input value.

If OFF, see below.

Stress from load case
The initial stress may be calculated automatically from the results of selected load case. The results of linear static

calculation for the specified load cases are used to determine the initial stress in the beam.

Initial deformation and curvature

Initial deformation and curvature

If required, an initial deformation of analysed structure can be introduced. There are various approaches in SCIA Engineer
todo so.

None
The structure is ideal without any imperfections.

Simple inclination
The imperfection is expressed in the form of a simple inclination. The inclination may be defined in milimetres per

a metre of height of the structure. It means that only horizontal inclination in the global X and Y direction may be
specified. The inclination is linearly proportion to the height of the building.

This option is applicable mainly for high-rise buildings. It has no or minimal influence on horizontal structures.

Inclination + curvature of beams

-48-



Calculation types

If this option is selected, the initial deformation may be defined the same way as above PLUS the curvature of
beams may be specified as well. The curvature is the same for all the beams in the structure.

Inclination functions

The initial imperfection is defined by a function (or curve). The user inputs the curve by means of height-to-imper-
fection diagram.

This option is applicable mainly for high-rise buildings. It has no or minimal influence on horizontal structures.

Functions *+ curvature of beams
The initialimperfection is expressed as a sum of inclination function and curvature. Itis analogous to option Inclin-
ation and curvature of beams.

Deformation from load case
This option requires two-step calculation. First, a calculation for a required load case must be performed. The
deformation due to thisload case is then used as the initial imperfection for further calculation.

Buckling shape
This option requires two-step calculation. First, a stability calculation must be performed. The calculated buckling
shape is then used as the initial imperfection for further calculation.

Regardless of the approach, the initial imperfection can be defined for a non-linear combination only. It is one of the para-
meters that the user may define in the Non-linear combination manager.

i Monlinear combinations x|

MNC1 I armne MCZ
m Description
NC3 Type Ultimate |
b B Content: of combination
LC3 1,00
Type of imperfection Inclination functions ;I

B dx inclination functions

= IDef R

M ew Fram linear u:-:uml:uinatiu:unsl I e | Edit | Delete | Cloze |

The calculated and displayed deformation is ALWAYS measured from the imperfect
model, i.. it does not represent the total deformation from the ideal shape, but the overall
deformation from the imperfect shape.

Calculations taking account of any type of imperfection are non-linear calculations and as
that they are sensitive to the size of finite elements. Or to be precise, they are sensitive to
the number of finite elements per a member. The user MUST remember that a division giv-
ing just one finite element per a beam is NOT sufficient and may give completely misleading
results.

Simple inclination

Simple inclination simply defines how much the structure is inclined to one side. The inclination is applicable to vertical struc-
tures only. It defines an inclination in horizontal direction per a unit of height. The inclination may be defined in the direction of
globalaxes Xand Y.

Asan example, let’s assume a vertical cantilever subject to vertical concentrated force.

If noinclination is defined, the horizontal displacement is zero.
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If, however, a simple inclination is input, the result is affected by this imperfection and the column’s horizontal displacement is
non-zero.

— 0033

Inclination and curvature of beams

A simple inclination may be combined with an initial curvature of beams. It is also possible to define zero inclination and use
only the curvature as a factor determining the initial imperfection.

If specified, the inclination is considered the same way as if it is used as the only source of imperfection.

The given curvature is considered for allthe beamsin the structure. In other words, allthe beams are subject to the same ini-
tial curvature. The programme automatically determines which direction of curvature is critical and uses that direction for cal-
culation. The curvature is taken into account in all beams in the structure regardless of their spatial orientation. Unlike the
simple inclination, it therefore affects even horizontal beams.

Let’'s assume a simply supported beam whose initialimperfection will be defined solely by means of the curvature. The beam
is axially compressed by means of two concentrated forces.
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Ifthe curvature is adjusted to a non-zero value, the final vertical displacement of the beam is also non-zero — see the picture.

.?%

If, on the other hand, the curvature is not applied (i.e. is set to zero), the beam (which is ideally straight) remains straight
even when subject to the pair of axially acting forces.

a8 B

Inclination functions

The inclination function may be considered similar to the simple inclination. It is applicable for vertical structures and it defines
the horizontal inclination of the structure in the direction of global axes Xand Y.

The inclination function is defined by means of an inclination-to-height curve. The curve is than assigned to the appropriate
non-linear combination.

Let’'s assume a single vertical column fixed at its foot. The column is subject to a vertical force.
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Let's define an inclination curve in the Initial deformations manager.

ALl o & | =

I | 3.0 3.00

B Defor —~
1[mmm] 0/0 —
2 [mmm] 0542 2 ’ 5 7 7
3m.mm] 143 ,r'f
4 [m,mm] 1.5/ 3.4 2 0_ i
5[m.mm] 2445
E[rm.mm] 25/5 1 5
7 [remrn] 3 4B i 7

1.0 7

0.5

0.0

I:‘:’JI ﬁI NI ml vl Lr'\; @I

e | Edit | Deletel Cloze |

Let’s create a non-linear combination, adjust type of imperfection to Inclination function and select the previously defined
curve.
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i Monlinear combinations x|

MC1 Hame MHC2
m Dezcription
s Tvpe Liltirnate ;I
i B Contents of combination
LC3 1,00
Type of imperfection Inclination functions ;I

B dx inclination functions

- IDef R

Mew from limear l:-:uml:uinaticnnsl Mew | Edit | Delete | Cloze |

The calculated horizontal displacement of the column will be affected by the imperfection.

=0,00958

It must be emphasised here that the inclination function is defined in absolute co-ordinates,

i.e. in co-ordinates of the global co-ordinate system. Therefore, in order to successfully

introduce an inclination defined by an initial deformation curve, the user must ensure that

the curve is defined at the level corresponding to global Z co-ordinates of the structure —

see the table below.
The curve of Initial deformation is defined as above. The curve is defined for the interval <0 — 3.0> (measured along the global Z axis).
VariantA

The column foot is in the origin of the global co-ordinate The resultis affected by the indlination curve.

system, i.e. its vertical co-ordinate is equal to 0.0 (zero).
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-0,0099
®

The resultis NOT affected by the inclination curve as the curve definition ends just at

the foot of the column and therefore the column is not subject to any inclination.

VariantB
The column foot is in the point whose global vertical co-
ordinate is equal to 3.0.
[Mode F3 (1,000;3,0007]

Inclination function and curvature of beams

The principle here is analogous to a simple inclination combined with a beam curvature. The only difference is that instead of
asimple inclination expressed by a single number, the user can define a nonlinear inclination curve.

Deformation from load case

Quite often it may happen that some of the loads are acting on a structure before any other load is imposed. In addition, it is
possible that this initial load leads to significant imperfections that may considerably affect the static behaviour of the struc-
ture.

A typical example is a rope structure, i.e. a structure whose parts are suspended on ropes or cables. Just the self-weight
may cause a significant deflection of these ropes or cables. Also slender steel beams are a good example.

Example
Let’s consider a simply supported beam subject to two horizontal forces that compress the beam.
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Let's assume that the beam is slender and that just the weight of the material would cause a significant deflection. The first
calculation is therefore made for "self-weight load case" only. Its results are shown below.

—-0,171

The obtained result (for the self-weight) can be then selected in the Non-linear combination manager as the source of
the initial imperfection.

i Nonlinear combinations ﬂ
AewBik o & SE =]
M1 M ame HC1
MCZ D escription sell-weight effect
mgi Tupe LIltirnate ;I
B Contents of combination
LC2 1.00
Type of imperfection Deform. from loadcase ;l
Load caze gelf-, ;:
Mew fram inear combinations | I e | Edit | Delete | Cloze |

The final non-linear calculation then gives results taking account of the pre-deformation.

-1

If the initial imperfection had not been taken into account at all in our sample structure, the results would have been com-
pletely different. The beam, ideally straight and subject to axial load only, would show no deformation perpendicular to the
longitudinal axis.
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Usually (but not exclusively), a static linear calculation is sufficient enough for the determ-

ination of the initial imperfection due to a specific load case. Subsequent calculation whose

aim is to take account of the initial imperfection, however, must already be a non-linear one.
[

The calculated and displayed deformation is ALWAYS measured from the imperfect
model, i.e. it does not represent the total deformation from the ideal shape, but the overall
deformation from the imperfect shape.

Dynamic natural vibration calculation

The calculation of free vibration (determination of eigenfrequencies and eigenmodes) is carried out by means of subspace
iteration. The result is the required frequencies and modes. All possible modes of vibration are affine. The amplitude can
vary according to the amount of supplied energy. E.g. a guitar string may sound high or low but the frequency is the same for
the basic tone as well as for higher harmonic tones. In practice, norm eigenmodes are used. The same approach is used
worldwide today to adjust the scale of eigenmodes. It employs a weighted sum of squared A values as the norm. A mass con-
stant M representing the weight is either the inertial mass in a node or the mass moment of inertia.

The specified masses are recalculated into nodes. By default, each member has only two end-nodes. That means that the

mass s distributed into these nodes only. For structures consisting of a huge number of members, this approach leads to sat-
isfactory results. But for structures made of a small number of members, it is necessary to increase the accuracy by means

of appropriate refinement of finite element mesh.

In addition to general parameters controlling the calculation, the dynamic calculation enables the user to define additional
options in solver setup:

-56-



Calculation types

- -
B ' Solver setup M

Bending theory of plate/shell analysis Mindlin || &=
Type of salver Direct v
Mumber of sections on average member 10
Warning when maximal translation is greater than [mm] 1000,000000 )
Warning when maximal rotation is greater than [mrad)] 100,000000
Coefficient for reinforcerment 1
Apply property modifiers =
Print time in Calculation Protocol O
= Effective width of plate ribs
| MNumber of thicknesses of rib plate 20
Parallelism tolerance for automatic calculation [deg] 10,00
Span length ratio L/beff, max (1 side) for autemnatic calculation [-] 8,00
[ =/ Span length correction
Simply supported beam [-] 1,00
Inner span [-] 0,70
End span [-] 0,85 =
Type of eigen value solver Polynomial -
Number of eigenmodes 10
Use IRS (Improved Reduced System) method ke
Produce wall eigenmode results (needed for ECtools) O
Enable advanced modal superposition for seismic load cases R
= Mass components in analysis
Translation along global X axis k
Translation along global ¥ axis O
Translation aleng glebal Z axis =
Rotation around local X axis of 1D members (torsion) [ I

-

‘@ _@JE 0K | Cancel Jﬁ_

Type of eigen value solver
The method for the calculation of eigenvalues can be selected here. Four methods are available:

The subspace iteration method was introduced by Krylovand improved by K.-J. Bathe.

The Lanczos method, which is generally faster than the subspace iteration, is described by K.-J._
Bathe here.

The method denoted as , iterative ICGC*" is an internal development by A. Chirkov from Ukrainian
Academy of Sciences and is destined for extremely large, especially 3D solid problems.

The method denoted as , polynomial®, is an internal development by Ivan Sevéik from FemCon-
sulting and is based on finding roots of characteristic polynomial. It seems to be the most stable from all
the suggested methods which, together with good performance, should indicate this method as the
first choice. It is, however, slightly slower than Lanczos, especially on large models, which is why it is
not selected by default.

Number of eigenmodes
Here the user specifies how many eigen frequencies should be calculated.

See chapter Natural vibration analysis versus mesh size.

See chapter Calculation model for dynamic analysis.

Use IRS (Improved Reduced System) method
See chapter Reduced Analysis Model

Produce wall eigenmode results (needed for ECTools)
Enable advanced modal superposition for seismic load cases
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Method for time history analysis
The method for the time history analysis can be selected here. Two methods are available:

The direct time integration method is standard Newmark algorithm. Theoretical background
about direct time integration here.

The modal superposition method, it is necessary in some cases to filter out local, high frequency
modes and avoid irrelevant behaviour, especially for fast train dynamic analysis. Modal superposition
is a powerful idea of obtaining solutions. Itis applicable to both free vibration and forced vibration prob-
lems. The basic idea To use free vibrations mode shapes to uncouple equations of motion. The
uncoupled equations are in terms of new variables called the modal coordinates. Solution for the
modal coordinates can be obtained by solving each equation independently. A superposition of modal
coordinates then gives solution of the original equations. Notices It is not necessary to use all mode
shapes for most practical problems. Good approximate solutions can be obtained via superposition
with only first few mode shapes.

Mass components in analysis

This settings in solver setup is for optional removal of mass components in dynamic analysis. There are four items
with checkboxes, where user can choose, which parts of mass should be taken to dynamic calculation: (as default
allmasses are selected)

Translation along global X axis
Translation along global Y axis
Translation along global Z axis
Rotation around local X axis of 1D members (torsion)

Calculation for selected mass combinations

If general optionSingle nonlinear analysis is ON, the user may specify which mass combinations will be calculated. Other-
wise, all non-calculated are always calculated.

® . . . L
Note: The dynamic calculation can be carried out for mass combinations only.

Dynamic forced harmonic vibration

The principles of how SCIA Engineer deals with a structure subject to a harmonic load are given in chapters:

« Loads>Load types > Dynamicloads > Harmonicload

» Loads>Load cases>Dynamicload cases > Defining the harmonicload case

o Results > Evaluating the results for harmonic load

And the core of dynamic calculations is laid down in:

» Loads>Load cases>Dynamicload cases > Dynamicload cases

» Loads>Load cases > Dynamicload cases > Defining a new dynamic load case

Harmonic band analysis

Context - Typical usage

In a nutshell, harmonic band analysis, aka Third Octave Analysis, is about assessing the sensitivity of a structure to an
external source of vibration.
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For example: a microsurgery room is located in a building close to a metro line. The metro line is the external vibration
source, and the harmonic band analysis will:

- generate a series of harmonicload cases at a support (or close to it, not sure anymore, | thinkit was a spring support)
- filter them to get RMS values per band
- display the resulting spectrum in a particular point of the microsurgery room

- this spectrum is transfer function: for a given external vibration, typically at the foundation level, one can see the local
impactin any point of the structure across a range of frequencies.

Aftransfer function is usually computed for a unit input at the foundation. It basically tells, for a unit action applied in a given
point of the structure at a given frequency, how the response of the structure will be amplified or damped in another point of
the structure. The amplification of the response usually depends on the frequency.

Harmonic Band Analysis is not meant for generating harmonic load cases that could be used in combination with other
actions. It is solely designed to generate the transfer function, as described above. It does, however, carry out the cal-
culation through a set of harmonic load case calculations on a range of frequencies.

Description

This calculation represents a new way of dealing with the calculations in harmonic analysis. Multiple analyses on a range of
frequencies are carried out. The harmonic analysisis possible for a range of frequencies controlled by the user. In the stand-
ard harmonic analysis, the forces and the frequency are defined. In this type (Harmonic Band Analysis) of analysis, the fre-
quency of the harmonic force varied over a range and the harmonic analysis is performed for multiple values in that range.

To fit the needs of this type of calculation, a new load case type named "Harmonic Band Analysis" has been introduced into
SCIA Engineer. the properties of this load case are similar to the standard harmonic load case. But, instead of the fre-
quency, there are 5 new parameters: A, n1,n2, C, N (explained below). The input of loads is the same as for the standard
harmonicload cases.

SCIAEngineer generates a set of extra load cases:

1. one setof main F frequencies (their number isn=n2-n1+1) and

2. nsetsof secondary frequencies (each of them with 2N items).

The secondary load cases are the standard SCIA Engineer harmonicload cases and have standard results.

The results of the main load cases are calculated by RMS (root mean square) method from the appropriate set of the sec-
ondary load cases.

SCIA Engineer generates the following result classes:
1. one with allmain load cases and
2. nwith the sets of the secondary load cases.

Output of results

Alphanumerical output

Allthe results of the main and secondary load cases are presented in the standard SCIA Engineer way in result tables using
the generated results classes.

Graphical output

The results of the main frequencies or results of the bands around the main frequency can be presented also graphically in
the form of a diagram. For that purpose a new tool has been integrated into SCIA Engineer.
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Refresh after modifications of the structure and changes in other input values

When the user changes parameters n1, n2 or N, all the generated load cases and all the generated result classes are
deleted and all the document items with band analysis load cases are not valid any more. If any other project data are
changed, all generated items remain in the project and their content is updated after next calculation.

(Little) Theoretical background
The user defines constants A,n1,n2,C,N.
The default valuesare: A=2,n1=6,n2=30,C=3,N=10.

Fromthese data, a geometric series are generated using the following formula
Fi - l,|'1|,'n."|:

where n varies from n1 to n2 with a step of 1.
The result is a series of so-called main frequencies F. The default set is: 4,00; 5,04; 6,35; 8,00; 10,08; etc. Around each of
these values, an interval Fi- - Fi+ is defined:

F. = Atr-12yc
Fi. = Aln17zyc

The interval [Fi- - F]is now divided into N steps to generate the secondary frequencies "f".

For each value of "f" a harmonic analysis is carried out. The displacement or inner force in a specified node in a given dir-
ection is calculated, giving N result values. The same is done for the interval [F — Fi+]. From these 2N values, one value is cal-
culated using RMS (root mean square) and assigned to the main frequency F.

Combination with other load cases

The results of this analysis can not be combined with other static and dynamic analyses.

Input of the load case for the Harmonic Band Analysis
The input of the load case for the Harmonic Band Analysis requires similar prerequisites as other dynamicload cases.

Procedure do define a new load case for the Harmonic Band Analysis

In the Project setup dialogue, on tab Functionality, select Dynamics and Harmonic band analysis.
In the Dynamics branch of the tree menu define at least one Mass group and at least one Combination of mass groups.

Then you may open the Load case manager and input a new load case for the Harmonic Band Analysis.

Select the following options and define the appropriate parameters:
1. Action type = variable
Load group =asrequired in the particular project
Load type =dynamic

Specification = Harmonic band analysis

o &~ b

Parameters =asrequired in the particular project
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6. Master load case =none or as required in the particular project
7. Mass combi=asrequired in the particular project

5. When ready, close the Load case manager.

¢ Note: Before the calculation is performed, the load case manager shows just this (these)
input load case (cases). Allthe automatically generated load cases, generated according to
the description provided above, are added to the Load case manager only after the cal-
culation has been carried out.
Example

The list of load cases after performed Harmonic Band Analysis may look like

Bal-4-1.20
B&l-3-1.22
Bal-2-1.23
Bal-1-1.25
Bal-F1-1.26
Bal+l - 1.28
Bal+Z-1.29
Bal+3-1.31
Bal+d - 1.32

This picture shows an extract of the list of load cases. It contains one main frequency (BA1-F1) and eight secondary fre-
quencies (BA1-4, BA1-3, BA1-2, BA1-1,BA1+1, BA1+2, BA1+3, BA1+4).

Performing the Harmonic Band Analysis

In order to start the Harmonic Band Analysis, the linear static calculation must be run.

¢ Note: Similarly to other dynamic calculations, attention must be paid the size of the finite ele-

ments. This is true also in simple structures with a few 1D members only. The analysis may
require a certain number of finite elements in order to calculate the total number of
required bands.

Display of results of Harmonic Band Analysis

There is a special display mode for the results of the Harmonic Band Analysis. This mode is available in the following func-
tions of service Results:

o Beams>Internalforces,
o 2D members> deformation of nodes,
o 2D members > Internal forces.

In this mode a new item (parameter) appears in the property window. This item is called Text output and can be set to two
options: (i) Texts or (ii) Graph.

The Text option displays the results in a standard way, i.e. using the diagram in the graphical window and alphanumerical
table in the Preview window.

The Graph option draws a special diagram in the Preview window. For this option one more item is added to the property
window: Selection tool. This tool — accessible through the three-dot button — allows you to select the 1D members or slabs
and nodes for which the diagram is to be displayed.

The later willbe demonstrated on a few examples.

-61-



Chapter 4

Example 1 - Setup for graphical result at main frequencies at a selected mesh node:

Function: Deformation of nodes
Type of load: Class

Class: Main

Textoutput: Graph

Selection tool: S1, node no. 1.
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Example 2 - Setup for graphical result at a selected band for a selected mesh node:
Function: Deformation of nodes
Type of load: Class
Class: Sec3
Textoutput: Graph
Selection tool: S1, node no. 1.
Note that for a band, beside the deformation curve also the RMS is drawn.
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Example 3 - Setup for envelope graphical result at main band frequencies, all nodes selected:
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Function: Deformation of nodes

Type of load: Class

Class: Main

Textoutput: Graph

Selection tool: all members, (by default all nodes are selected)

Extreme: Global

Uz [mmum]
1000.0
o, 0
00,0
7000
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100.0
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Example 4 - Setup for graphical result at the main band frequencies for all nodes displayed in the same diagram:
Function: Deformation of nodes

Type of load: Class

Class: Main

Textoutput: Graph

Selection tool: all members, (by default all nodes are selected)

Extreme: no

1Tz [1rum]
1000,0
2000
00,0
T00.0
00,0
00,0
00,0
00,0

frequency [Hz]

00,0

1000
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Calculation model for dynamic analysis

When a static analysis is being performed, there are usually no problems with the creation of a satisfactory model of the ana-
lysed structure. BUT, in dynamic analysis we have to think about the problem a bit more. Here’s why.

Statics deals with the equilibrium of the structure

The imposed load and internal forces arising due to the elastic deformation of the structure must be balanced. In dynamics,
the equilibrium is also required, but now with additional forces —inertial and damping.

Inertial forces

At school, they taught us about Newton Law — force is equal to mass multiplied by acceleration. This means that if the
masses of a structure move with acceleration, inertial forces act on the structure. In order to analyse dynamic behaviour of
the structure, we have to complete the calculation model and add data related to masses in the structure.

Damping forces

Nature has provided us with an invaluable principle. As soon as anything starts to move, it is stopped in a while. Against the
motion the resistance of environment is acting — external and internal friction. The mechanical energy is transformed into
another form, usually into the thermal one. In civil engineering practice, structures of higher damping capacity are more suit-
able —the higher damping capacity, the lower vibration. Steel structures have lower damping capacity than concrete or wod-
den ones. Itis generally difficult to take damping forces into account in calculation. The user’s point of view is that this task is
rather simply s/he just defines a damping coefficient, e.g. logarithmic decrement. But nothing is as simple as it may seem to
be. We've got just one coefficient, but its precision is rather arguable.

To conclude, dynamic calculations differ from static onesin one principle point. We do not seek only the equilibrium between
imposed load and internal forces, but we also introduce inertial and damping forces. The outcome is that we have to com-
plete the calculation model created for a static analysis with other data:

« massesin the structure (used for determination of inertial forces)

» damping data (for calculation of damping forces)

Method of decomposition into eigemodes

Dynamic calculations in SCIA Engineer are based on method of decomposition into eigemodes (called modal analysis). The
basic taskis therefore the solution of free vibration problem. The calculation finds eigenfrequencies and eigenmodes.

There exist bizarre conceptions among structural engineers of what the eigenfrequency and eigenmode actually is. It is
important to realise that free vibration gives us only the conception of structure properties and allows us to predict the beha-
viour under time varying load conditions. In nature, each body prefers to remain in a standstill. If forced to move, it prefers
the way requiring minimal energy consumption. These ways of motion are called eigenmodes. The eigenmodes do not rep-
resent the actual deformation of the structure. They only show deformation that is "natural" for the structure. This is why the
magnitudes of calculated displacement and internal forces are dimensionless numbers. The numbers provided are
orthonormed, i.e. they have a particular relation to the masses in the structure. The absolute value of the individual numbers
is notimportant. What matter is their mutual proportion.

Let's assume that there is an engine mounted on a structure. The engine is equipped with a eccentrically connected parts
revolving with frequency of 8 Hz. We determine that eigenfrequency of the structure is 7.7 Hz. This information means that it
is natural for the structure to vibrate close to 8 Hzand that the applied load is too dangerous. The eigenmode corresponding
to frequency 7.7 Hz can inform us only about the mode of the vibration. In other words, it can show us where the dis-
placement due to vibration will be largest and where minimal. It suggests nothing about the real size of displacement or
internal forces. These pieces of information can only be obtained from the calculation of the structure subjected to a par-
ticular load.
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In order to consider the effect of inertial forces, we have to add masses to the calculation model. We can choose from con-
centrated masses in nodes or concentrated point and linear masses on beams.

In SCIA Engineer a concept of consistent mass matrix has been applied. This concept means that not only diagonal ele-
ments of mass matrix are considered in the calculation. Consequently, this solution is more precise than for matrix called
lumped mass matrix. This advantage is significant e.g. when rigid arms are used in the model.

Self-weight of the structure due to cross-sections and material is not input. It is taken into account automatically. We only
input masses attached to the structure, masses that will move with the structure when it moves. So be careful with sus-
pended loads hanging on longer suspensions. Problems may arise with imposed load on floors, charges of tanks and other
masses that may or may not be present. A safe side does not exist, which was already stated earlier. A very useful option in
SCIA Engineer is the generation of masses from defined static load.

Masses on the structure may be sorted into several groups that can be combined in mass combinations in a way similar to
standard load cases. For simple structures where all the masses are in a single group, this approach may be a small com-
plication. On the other hand, it will be considerably advantageous for more complex structures. Masses in individual groups
may be defined in nodes or on beams. The latter may be either concentrated or distributed.

The next step in the specification of mass distribution across the structure is the definition of mass groups. The combination
then defines the masses in the dynamic calculation model. The combinations are input the same way as static load case com-
binations. We select appropriate mass groups and specify their coefficient. Why is this needed?

Let’s consider an example of a structure supporting a large liquid tank. The amount of liquid in the tank will range between
two limits: from an empty tank to a full tank. The dynamic behaviour of the structure will be different for the two limit states. If
we need to perform a seismic analysis, we do not know when the earthquake happens. It is therefore suitable to evaluate
both limit states, but also an intermediate one with the tank e.g. half full. It would mean three separate calculations. In SCIA
Engineer however, we just need to define three mass combinations and run one calculation. We include all the masses cor-
responding to a full tank into one mass group. Then we define three combinations. The first one will contain the mentioned
group with coefficient equal to 1.0. The second one will contain the mentioned group with coefficient equal to 0.5. And the
third combination will not contain the group at all.

Other examples:

« Bridge - dynamic analysis of an "empty" bridge and bridge loaded with a vehicle or train (even though the mass of larger
bridges s significantly bigger that the mass of vehicles),

o Building frame - response to vibration for various distribution of floor variable load.

The calculation of eigenmodes is usually carried out together with a static calculation. Each of the eigenmodes refers to a
particular calculation model that is defined by means of a combination of mass groups and a corresponding model for static
analysis.

The calculation of eigenmodes and eigenfrequencies is made on the finite element model of the structure. The structure is
discretised, which means that instead of a general structure with an infinite number of degrees of freedom, a calculation
model with a finite number of degrees of freedom is analysed. The number of degrees of freedom can be normally determ-
ined by a simple multiplication: number of nodes is multiplied by the number of possible displacements in the node (trans-
lation, rotation). It is important to know that the accuracy of the model is in proportion to the "precision of discretisation", i.e.
to the number of elements of the finite element mesh. This refinement has almost no practical reason in static calculations.
However, for dynamic and non-linear analyses, it significantly affects the accuracy of results (but also the calculation’s time
consumption).

The user must decide what number of eigenfrequencies should be calculated. The frequencies are always calculated from
the lowest one. Generally, the number of frequencies that can be calculated for a discretised model is equal to the number
of degrees of freedom. Due to the applied method, this is not always true in SCIA Engineer. Another problem is that the
higher the frequency is, the less accuracy is achieved. Therefore, it is sensible to calculate only a few lowest frequencies.
Usually, it is good enough to select the number frequencies as 1/20 to 1/10 of the number of degrees of freedom. On the
other hand, itis not practical to select too high number of frequencies because it prolongs the calculation non-proportionally.
Once again, no precise and strict limit can be established, but it can be said that 20 frequencies are usually sufficient even for
excessive projects.

-65-



Chapter 4

See also chapter Natural vibration analysis versus mesh size.

In eigenfrequency problem, the following equation systemiis solved:

M.r,, +K.r=0

where:
ris the vector of translations and rotations in nodes,

r.. isthe vector of corresponding accelerations,

Kis the stiffness matrix assembled already for static calculation,
Mis the mass matrix assembled during the dynamic calculation.

The solution itselfis carried out by means of subspace iteration method.

Dynamic seismic calculation

The principles of how SCIA Engineer deals with a structure subject to a seismic load are given in chapters:

» Loads>Load types > Dynamicloads > Seismicload

o Loads>Load cases >Dynamicload cases > Defining the seismic load case

And the core of dynamic calculations is laid down in:

» Loads>Load cases > Dynamicload cases > Dynamicload cases

» Loads>Load cases > Dynamicload cases > Defining a new dynamicload case

Information about automatically generated combinations according code are here:

» Seismic combination according EN code

« Seismic combination according IBC code

Information about several seismic spectrums are here:

« Defining a seismic response spectrum

Information about various aspects of the seismic analysis of buildings is available here:

o Seismic Analysis of Buildings

Information about theoretical background, modelization & troubleshooting of dynamic analysis

« Dynamicanalysis troubleshooting

Buckling analysis

Adjustment of general parameters may control the calculation.

Calculation for selected stability combinations

If general optionAdvanced solver option is ON, the user may specify which stability combinations will be calculated. Other-
wise, all non-calculated are always calculated.
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Assumptions of linear buckling calculation

The word ‘linear’ suggests that the following phenomena cannot be taken into account:
« non-linear elastic supports and foundation,

« beamsacting in compression or in tension only.

Since the calculation is linear, both types of non-linearity listed above are considered in a way that corresponds to equi-
librium equations assembled on a non-deformed structure. In other words, foundation stiffness is equal to stiffness for zero
deflection and ‘one-way-action’ beams are taken as usual beams.

Let's start with the equilibrium equation
(Kg + Kg)u=R
where KG is a geometric stiffness matrix reflecting the effect of axial forces in beams and slabs.

The basic assumption is that the elements of the matrix are linear functions of axial forces in beams. That means, mat-
rix KG corresponding to a K-th multiple of axial forces in the structure is the K -th multiple of original matrix KG The aim
of the buckling calculation is to work out such a multiple K for which the structure loses stability. Such a state happens when
the equation below has a non-zero solution.

(KE+K.KG)U=0

In other words, such a value K should be found for which the determinant of the total stiffness matrix (the term in the brack-
ets) is equal to zero. For information about the methods for solving eigenvalue problems in SCIA Engineer, see the chapter
about natural vibration analysis. Similarly to the dynamic calculation, the result is a series of eigenmodes and corresponding
K -multiples. The first eigenmode is usually the most important and corresponds to the lowest K -multiple. A possible col-
lapse of the structure usually happens for this first mode.

® Note: There is a difference in behaviour of beam and shell elements. For shell elements the

axial force is not considered in one direction only. The shell element can be in compression
in one direction and simultaneously in tension in the perpendicular direction. Consequently,
the element tends to buckle in one direction but is being ‘stiffened’ in the other direction.
Thisiis the reason for significant post-critical bearing capacity of such structures.

The calculated buckling eigenmodes can help the structural engineer to get an idea about behaviour of a structure and
about possible mechanisms of buckling failure. The resultant critical multiple suggests how far the structure is from possible
buckling.

¢ Note: The buckling calculation can be carried out for stability combinations only.

Sample analysis - column

Similarly to dynamics, calculation of buckling depends on the finite element mesh. The effect of mesh density will be demon-
strated on an analysis of a frame column that is supported in a horizontal direction by wind stiffeners at the floor levels (see
figure).

-67-



Chapter 4

column

floor levels
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The supposed shape of buckling is in the following figure.

nodes

If the usual mesh size, i.e. one finite element per one beam, is used, the model has no degrees of freedom for horizontal
translations in the middle of heights of individual floors, which prevents the buckling. Because, however, rotations in floor
levels are not constrained even such a poor model would eventually buckle. But, the result would show a significant numer-
ical error. The coarse division (one element per a floor) gives the critical multiple that is equal to 213, while a variant with
nodes in the middle of the heights gives the multiple of 163. It is definitely clear that the difference is not negligible.

The following pictures demonstrate the above said facts. They also show that once an FE node is in the middle of the floor,
further refinement of the mesh gives only smallimprovement in results.
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4 finite elements per column, i.e. 1 FE per floor

critical multiple =213

8 finite elements per column, i.e. 2 FEs per floor

critical multiple = 163
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10 finite elements per column

critical multiple = 161

50 finite elements per column

critical multiple = 160

Nonlinear stability calculation

Non-linear stability is in its first phase calculated as normal nonlinear calculation using N-R method. The load is incremented
in steps, but the incrementation does not stop at the load intensity defined by the non-linear combination and continues until
the singularity is reached. Then the solution goes back to the last regular state and the critical load intensity is found from this
state by means of eigenvalues, i.e. refined solution is sought in the interval between the last regular and singular state.The
accuracy of the solution is therefore determined by the number of load increments. The load intensity defined in the non-lin-
ear combination has two meanings. First, when divided by the number of the increments, it specifies the size of load incre-
ment and, second, the calculated coefficient of the critical load isrelated just to it.
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Non uniform damping in dynamic calculation

Non uniform damping
This type of calculation is a dynamic calculation that takes into account non-uniform damping on members and supports.

There is a possibility to input a damping value on each 1D and 2D member. It can be (i) relative damping, (ii) logarithmic
decrement or (iii) Rayleigh damping. Moreover, a damper can be inputin direction X, Y, Z of a nodal flexible support.

If a dynamic calculation (seismic + harmonic) is carried out and the load case has "Damping group” defined, then SCIA
Engineer takes into account the non-uniform damping of the members and supports. The modal relative damping for each
direction (i.e. the damping percentage for each mode and each direction) is calculated automatically for each load case.

All 1D and all 2D members must have the damping value assigned before the calculation starts or the default value is used.
The input of damping in supportsis possible only in the GCS directions.

Background information

The effect of damping is significant in the vicinity of resonance. The phenomenon resonance appears when the frequency of
the source of vibration (=driving frequency) corresponds to the eigenfrequency of the system. In this case, large deform-
ations are expected which can cause damage of the structure. Damping of the system is a solution to prevent this.

Am plitude-Frequency Response

—— Damping 5%
Damping 8%
—— Damping 10%
— Damping 15%
— Damping 25%
—— Damping 50%

Dynamic Magnification Factor

3 4 g

Frequency Ratio

The most famous example of resonance was the collapse of the Tacoma Narrows Bridge in Washington state in 1940.
Because of high windspeeds, this bridge began to vibrate torsionally firstly. Later, the vibrations entered a natural res-
onance frequency of the bridge which started to increase their amplitude.

Also the Erasmusbrug in Rotterdam became a danger due to resonance causing by the vibration of the cables. To prevent
this in the future, hydraulic dampers were provided as a measure.

In SCIA Engineer, different damping methods are available.

First of all, the user is able to input uniform damping which influences the entire structure. For example, the damping value is
taken into account in the harmonic analysis by means of the logarithmic decrement:
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5

1-2
with Xi being the damping ratio of the structure.

For the CQC-method in a seismic analysis, it's also possible to define a damping curve:

Damping Ed

Fraguancy[Hz| Damping |
i . TET) | Mame [E==]
ol et [

In the third case, a functionality non proportional damping is provided in SCIA Engineer.

Damping can have different causes. The component that is always present is structural damping. Structural damping is
caused by hysteresis in the material: the transfer of small amounts of energy into warmth for each vibration cycle possibly
increased by friction between internal parts.

Other causes can be the foundation soil of the building and aerodynamic damping due to the diversion of energy by the air.
In many cases, damping is increased by adding artificial dampers to the structure.

Non proportional damping allows the user to input manually dampers into the system and also to calculate the influence of
the damping of the material. Structural systems composed of several structural elements with different properties can
present high nonproportional damping.

Non proportional damping

The module non proportional damping gives a solution to take into account the natural damping of the different kinds of
materials in the structure. The logarithmic decrement of steel differs for example from that of concrete caused by another
value of the damping ratio.

On top of this, the user is able to attribute manually dampers (by means of damping ratios) to the different elements of the
system.

When no damping ratio is inputted on an element, a default value will be used. As default material damping or a global
default for damping will be taken into account, dependent on the setting chosen by the user.

I i . 5 i —y X
Bl ek o2« 3 SH W
DG1 - Damping method || fi=re [oG

Descrplion Camping method

Type of default damping Material default -l

[ New || Insert |[ Edit || De.lete |

- —

In SCIA Engineer, damping can be specified on 1D elements, 2D elements and supports.
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The damping of each of these elements (or substructures) will be used to calculate a modal damping ratio for the whole
structure for each Eigenmode. In the literature this is described as Composite Damping.

Composite damping is used in partly bolted, partly welded steel constructions, mixed steel-concrete structures, con-
structions on subsoll, ...

For structural systems that consist of substructures with different damping properties, the composite damping matrix C can
be obtained by an appropriate superposition of damping matrices Cifor the individual substructures:

N
C = Z C:'
fml

With:

Ci= The damping matrix for the ith substructure in the global coordinate system.

N =The number of substructures being assembled.

Different ways of describing the damping can be assumed:

Rayleigh damping

In this method the damping matrix is formed by a linear combination of the mass and the stiffness matrices

G = oM + B-K

Stiffness-Weighted Damping

For structures that consist of major components with different damping characteristics, composite modal damping values
can be calculated using the elastic energy of the structure:

N
Z J‘:'EI-: B EI.
E = =
& E
Support damping

Additional to the damping of 1D and 2D elements, SCIA Engineer allows the input of a damper on a flexible nodal support.
The modal damping ratio xi is calculated by the following formula:

lI:I-’-.E'T i [Z CE:| i:l:__j

4-@;

£ = Alpha-

Damper setup

The damper setup provides for the input of global defaults.
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Base value — logarithmic decrement Default value of logarithmic decrement.

Alpha factor for supports Factor for supports.

Must be >0; default 1.

Maximal modal damping Is used fo limit the calculated damping.

Default 30%.

Defining a new damping group

Procedure to define a new damping group

. Inthe Project setup dialogue > tab Functionality options Dynamics and Non proportional damping must be selected.
Open service Dynamics.

Start function Damping group.

The Damping group manager is opened on the screen.

Click button [New].

Anew damping group is added to the list of defined groups.

N o o &~ W DD

If necessary, change the name and/or other group parameters.

Damping group parameters

Name Specifies the name of the group.
Description Provides a short description of the group.
Type of default damping Global default

The default values are taken from the Damper setup.
Material default

The default values are taken from material properties.

Defining a new damper
Adamper can be defined in a support, on a beam membe, on a slab.

Procedure to define a new damper

. Open service Dynamics.
. Start function Dampers.
. Ifno damping has been defined so far, the Damping groups manager is opened on the screen. Define at least one damp-
ing group.
. The Dampersbranch is opened in the tree menu bar.
. Selectand start the function corresponding to the required type of damper:
1. 1D damping,
2. 2D damping,
3. Node damping.
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6. Fillinthe parameters.

7. Selectthe appropriate 1D member/slab/support where the damper is to be installed.

8. Endthe function.

1D damping
Name Specifies the name of the damper.
Type Selectthe type of the damping parameter.
Logarithmic decrement
Relative damping
Rayleigh damping
Value Specifies the value of the parameter selected in the item above.
Alpha/ Note: The Rayleigh damping requires the definition of two parameters. The remaining two types need just
Beta one value.
2D damping
Name Specifies the name of the damper.
Type Selectthe type of the damping parameter.
Logarithmic decrement
Relative damping
Rayleigh damping
Value Specifies the value of the parameter selected in the item above.
Alpha/ Note: The Rayleigh damping requires the definition of two parameters. The remaining two types need just
Beta one value.
Node damping
Name Specifies the name of the damper.
Damping X Defines the damping in individual directions of the global coordinate system.
Damping Y
Damping Z
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Performing the calculation
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Calculation dialog for v16 and earlier

FE analysis

Single analysis | Batch analysis

(®) Linear calculation
() Monlinear calculation
l:::l Modal analysis

() Linear stability

Concrete - Code Dependent Deflections (CDD)

O Construction stage analysis
l:::l Monlinear stage analysis
() Monlinear stability

() Test of input data

|Number of load cases: 15

Solver setup

QK

Mesh setup

Cancel

FE analysis

Single analysis  Batch analysis

|:|Linear calculation
DNﬂnIinear calculation

[ ]modal analysis

] stability

Concrete - Code Dependent Deflections (CDDY)

|:| Construction stage analysis

|:| Engineering report regeneration

|:| Save project after analysis

Solver setup

QK
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Single analysis / Batch analysis

In calculation dialog for version 16 and earlier there are two main view on list of possible analysis.

Single analysis where it is possible to choose one type of calculation and Batch analysis where it is possible to choose more
than one type of calculation and these calculations will be perform behind a row.

Types of calculations

These items define all possible types of calculations, which can be performed on current model.

Linear calculation

Dynamic seismic calculation

Linear cal- ) .
) Harmonic band analysis
culation —
Karman vibration
Dynamic natural vibration calculation
Nonlinear cal- ) .
i Nonlinear calculation
culation -

Modal analysis

Calculation model for dynamic analysis

Linear stability

Stability combination

Concrete - Code
Dependent
Deflections
(CDD)

Concrete - Code Dependent Deflections (CDD)

Construction
stage analysis

Construction stage analysis

Linear versus Non-linear consfruction stages

Nonlinear stage
analysis

Nonlinear stage analysis

Nonlinear sta-

bility

Nonlinear stability

Test of input
data

Itis basically preparation of data from model for Linear calculation. It can be something like check if everything is OK before
run of calculation. After performing it, new service "2D data viewer" is available in service "Calculation, mesh", where it is pos-
sible to check generated loads on members and other parameters of model.

Buttons

Solver setup | Settings for calculation - Solver setup

Mesh setup | Settings for FEM mesh on members - Mesh setup

OK This button starts calculation.

Cancel This button closes calculation dialog without calculation.
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Calculation dialog for v17

B FE analysis *
2 =l |Mesh setu,
Calculations P ,
Mverage number of tiles of 1d element 1
' Linear analysis Mverage size of 2d element/curved ele... 0,800
Load cases: 15 [seismic 2} Advanced mesh settings

Max soil iteration: 10

Nonlinear analysis El Solver setup

Monlinear combinations: 2 Specify load cases for linear calculation
Modal analysis Specify combinations for nonlinear ca...
Eigenmodes: 100 ¥ Advanced solver settings

Linear stability

Mumber of critical values: 4

Other processes

Test input of data

Engineering report regeneration
Engineering reports: 4

‘ Calculate |

General description

Calculation dialog is designed as a batch analysis where it is possible to check several analysis to the calculation queue. If as
an input for some types of analysis it necessary to perform another analysis before, this analysis will be automatically add to
the Task queue viewer. This dialog is visible during calculation and it gives information about current order in batch analysis
and current state of calculation.
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Mesh generation

|:| Calculation of static load cases

|:| Create results - load cases

[] Modal analysis

|:| Create results - mass combinations

[ ] Linear stability

|:| MNonlinear calculation

|:| Create results - nonlinear combinations

Calculation dialog itself is divided into two main parts. In the left part there is a list of available calculations and other pro-
cesses with some info about every calculations like number of load cases, number of seismic load cases, number of soilin iter-
ations, number of eigenmodes or number of critical values for stability analysis.

In the right part there is a direct view to mesh and solver setup. Items in both setup are divided into two groups...main group
where are mostimportant items and which are still visible in calculation dialog... and Advanced mesh settings and Advanced
solver settings where are others items from setup which are packed. But it is possible to unpack them quickly and set some
parameters directly in calculation dialog.

B FE analysis x

: =l Mesh setu A
Calculations E: :

Average number of tiles of 1d eleme... 1
V| Linear analysis Average size of 2d element/curved e... 0,800

Selected load cases: 2 ¥ Advanced mesh settings

Max soil iteration: 10
= Solver setup

/' Nonlinear analysis

Selected nonlinear combinations: 1 Specify load cases for linear calculati... ¥
Modal analysis List of selected load cases L, L2
Eigenmodes: 100 Specify combinations for nenlinear ... ¥
Linear stability List of selected nonlinear combinati.. NC1
Mumber of critical values: 4 =

= General

Run one nonlinear combination

Meglect shear force deformation (..

Bending theory of plate/shell anal... Mindlin -
Other processes Fprativhes Direct -
Test input of data Mumber of sections on average.. 10

Warning when maximal translatio... 1000,0
Engineering report regeneration

T Warning when maximal rotation i... 100,0

Coefficient for reinforcement 3

Print time in Calculation Protocal ¥
= Effective width of plate ribs

MNumber of thicknesses of rib plate 20

Caleulate Parallelism tolerance for automati... 10,00
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Selection of load cases or nonlinear combinations for calculation

For solver setup there are visible two items : "Specify load cases for linear calculation" and if there are some nonlinear com-
binations in model there is item "Specify combinations for nonlinear calculation". After check these items new dialog "Make
selection" will appear with all possible load cases or nonlinear combinations and it is possible to make a selection for this cal-
culation. After that selected items are displayed in solver setup and in info text before analysis there is new info for example :
Selected load cases: 2.

After calculation in service results there are available results only for load cases and nonlinear combinations which were
selected. Others have symbol * before name, which means no results.
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pd
1
| . = Mesh setu [
{Calculations r _
Mverage number of tiles of 1d eleme... 1
Y| Linear analysis Average size of 2d element/curved e.. 0,300
Selected load cases: 2 -
+ Adwva
Max soil iteration: 10 “ e
| Monlinear analysis £l Solver S
Monlinear combinations: 2 Specify load cases for linear calculati... ¥/
Modal analysis List of selected load cases LC1, L2
Eigenmades k) Specify combinations for nonlinear ...
Linear stability B e o
Mumber of critical values: 4 Make selection b
Available Selected
FY
LC2 LEl
Other processes o
p Wi x=y- ‘ > ‘
Test input of data Wi_-y- =l r
Wi_x+y+ ‘ > ‘
Engineering report regeneration Wi_y- . |
Engineering reports: 4 Wi_y+ . = ‘
Wi_x- I |
Wi+ B ‘ i ‘
Wl =1 |
| Wix=2 ‘
A wa 2 =
Clcuste j mommr—
- v
| ‘ oK | | Cancel | [
At
B FE analysis hed
-
Calculations -

| Linear analysis

Selected load cases: 2
Max soil iteration: 10

' Nonlinear analysis
Selected nonlinear combinations: 1

Modal analysis
Eigenmodes: 100

Linear stability
Mumber of critical values: 4

Other processes

Test input of data

Engineering report regeneration
Engineering reports: 4

Calculate

Advanced mesh settings
= Solver setup

List of selected load cases

Advanced solver settings

Average number of tiles of 1d element

1

Average size of 2d element/curved ele... 0,800

Specify load cases for linear calculation |V

LCT, LC2

Specify combinations for nonlinear ca.. ¥

List of selected nonlinear combinations MNC1
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Types of calculations

These items define all possible types of calculations, which can be performed on current model.

Linear calculation

Linear calculation

Dynamic seismic calculation

Nonlinear calculation

Nonlinear calculation

Limitations for version 17.0

Modal analysis

Calculation model for dynamic analysis

Linear stability

Stability combination

Types of other processes

These items define other processes, which can be performed on current model.

Testofinputdata

Iltis basically preparation of data from model for Linear calculation. It
can be something like check if everything is OK before run of cal-
culation. After performing it, new service "2D data viewer" is avail-
able in service "Calculation, mesh", where it is possible to check
generated loads on members and other parameters of model.

Engineering reportregeneration

Engineering report

Buttons
| Calculate This button starts calculation.
®
Note 1: If project is calculated and it has results, there is no change in geometry and other
settings and user clicks on calculate - calculation is not performed and previous results are
used.
®

Note 2: If project is calculated and it has results but in older version of SEN, there is no

change in geometry and other settings and user clicks on calculate - results are deleted and

projectis recalculated.

Adjusting the calculation parameters

The procedure to adjust calculation parameters

1. Openthe Solver setup dialogue
1. either use menu function Setup > Solver,
2. orusetree menu function Calculation > Solver setup.
2. The Setup dialogue is opened on the screen.
3. Adjustthe parameters.
4. Confirmwith [OK] button.
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Note: The adjustment of these parameters may affect the layout of the calculation dialogue
that opens on the screen when a calculation is started.

Performing the calculation

The procedure for performing of the calculation

1. Callfunction Calculation:
1. either using menu function Tree > Calculation, Mesh > Calculation,
2. orusing tree menu function Calculation, Mesh > Calculation.

The Calculation settings dialogue opens on the screen (see below).

Adjust the parameters for calculation.
Confirm with [OK].

The calculation is started and solver report dialogue is opened on the screen (for small models the dialogue may just
flash).

6. When the calculation has been finished, close the calculation report dialogue.

S

9. Proceed to evaluation of result.

Note: All the calculation parameters may be adjusted in the "Solver Setup”

Controlling and reviewing the calculation process

Once a calculation has been started a Solver report dialogue opens on the screen.
For smallmodels the dialogue may just "flash” on the screen and disappear again.
Onfinishing the calculation, the program shows the dialogue with the result of the calculation.

If everything is OK, the Solver report dialogue can be closed and the user may proceed to the evaluation of results. If any-
thing went wrong during the calculation, a message is displayed and it's up to the user to resolve the situation.

Performing the repetitious calculations

Very often it may be necessary to repeat the calculation with the same calculation settings. It is possible to repeat a normal
calculation. In addition, SCIA Engineer offers function Hidden calculation. This function starts the calculation without show-
ing any information on the screen. Once the calculation is finished, all possible open windows with displayed results are auto-
matically regenerated.

The Hidden calculation can be performed by means of:
« either menu function Tree > Calculation, Mesh > Hidden calculation,

« ortree menu function Calculation, Mesh > Hidden calculation,

« orbutton [Hidden calculation] ( = ) ontoolbar Project.
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Note: If just one type of calculation is available in the calculation dialogue, the hidden cal-
culation simply runs on the background. If, however, two or more calculation types are
accessible (depending on project and solver settings), the calculation dialogue is displayed
and you must choose the required calculation type.

Repairing the instability of model

It may happen that the model is so defined that the numerical solution is impossible. Most often some kind of numerical
instability may occur due to mistakes in the definition of boundary conditions.

Maximum displacement has been reached

The first case is that the numerical solution itself was correct, but the results seem to be distorted. This situation can be
revealed by the check of maximum permissible vale of displacement and rotation. If the adjusted values are exceeded, a
warning is given.

The results may be reviewed even if this situation happens. Itis up to the user’s experience to decide whether the structure
is so soft and the large deformation is reasonable or whether a mistake was made in the definition of the model.

The point where the maximum displacement has been found is stated in the warning dialogue.

Scia Engineer: End of analysis 23|

Results are bigger than rmaximal settingh:

|

Maximal translation 299861.750 mm
in node M14 [6.000,0,000,4.500] (loadcase LC2)

Maximal rotation -66650.508 mrad
in node M15 [6.000,6,000,0.000] (loadcase LC2)

Sum of loads and reactions is O

Do you accept the results?

| Ve || N

Singular stiffness matrix

If the stiffness matrix is singular, the solution cannot be obtained at all. The user is informed about the problematic place in
the model. The place is stated in the warning dialogue.
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Al

FE-Calculation 64 - Warning

The stiffness matrix is singular!

The structure is unstable. Instability found
in FE-naode Mo, N14, direction X,

In case of linear analysis a possibility to run singularity checks is offered.

SCIA Engineer 16.0.76

e |

Then an animation window showing translations and rotations is displayed.
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Performing the calculation

F

|'-=~' Animation

B LR N |~

Frames per second

Flay time (z) :

100 Mode of calculation

1

fo oo e

I Close |

Note: The result of singularity check is limited. Not all input additional data are fully imple-
mented in this check yet. Therefore in some cases the result of singularity check can differ
from the real problem.

The place of instability can be also marked with an arrow which can be displayed by means of View parameter settings - tab
Misc.- Display arrow on maximal deformation.

Sin

4

View parameters setting

i S e
Uncheck group

E A & T

Check / Uncheck all

Lock position

& @ & b

B Members
Transparent mode
] Drawing style for Model+Loads
Style / Rendering
Show add data
[ Result diagram
Results
[ Calculation info
Display arrow on maximal deformation
Display arrow on small mesh elements
Display arrow on mesh elements

-87-

Fine _v_|

rendered
System line

-

=

T«




Chapter 6

Solution methods

Direct solution

Thisis a standard Cholesky solution based on a decomposition of the matrix of the system. The advantage is that it can solve
several right sides at the same time. This type of solution is effective especially for small and middle-size problems when disk
swapping is not necessary. The limit depends on the size of the problem and on the size of available RAM memory.

It can be said that this solution is more convenient for most of problems.

Disadvantage of this solution may emerge with extremely large problems. The calculation time may rise significantly if RAM
size is insufficient. What's more, if the available disk space is not large enough, the problem cannot be solved at all.

If the problem is excessive and of poor numerical condition, the rounding error may be so big that it exceeds the acceptable
limit. This may result in imbalance between resultants of load and reactions. The difference between the total sums of loads
and reactions should not be greater than about 0.5%. But even the value of 0.1% suggests that the results may be sus-
picious.

¢ Generally, the direct solver should be used only for beam structures (without any 2D mem-

bers) or planar structure composed of 2D members (i.e. a plate or a wall). In other cases
the direct solver should be used as a default solution method. The application of iterative
solution depends on the total number of nodes, band width and memory size of the par-
ticular computer. If the direct solution leads to an excessive disk swapping, the process is
slowed down sifgnificantly and the iterative solution must be employed. This solver does not
require so much memory — 150 000 nodes needs about 250 MB RAM. Other reason for
the application of iterative solution may be poor determinetness of the equation system.
These numerical problems can result in a discrepancy between the total load and sum of
reactions. If this difference is greater than 5%, a warning is issued and the direct solver
should be replaced by the iterative one.

Iterative solution

The Incomplete Cholesky conjugate gradient method is applied.

Its advantage is minimal demand on RAM and disk size. Therefore, the solution is convenient especially for extremely large
problems that cannot be solved by means of direct solution or whose calculation time would be enormous for that kind of
solution due to excessive disk operations.

Another advantage is that due to the ability of continuous improvement of accuracy the method is able to find technically
accurate solution even for equation systems that would be numerically unstable in the direct solution.

The disadvantage is that the method can employ only one right side at a time and this increases the time demands for equa-
tion systems with several right sides.

® Note: See the note in the Direct solution.
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Timoshenko theory

The algorithm is based on the exact Timoshenko’s solution of a 1D member. The axial force is assumed constant during the
deformation. Therefore, the method is applicable for structures where the difference of axial force obtained by 1st order
and 2nd order calculation is negligible (so called well defined structures). This is true mainly for frames, buildings, etc. for
which the method is the most effective option.

The method is applicable for structures where rotation does not exceed 8°.
The method assumes small displacements, small rotations and small strains.

If 1D members of the structure are in no contact with subsoil and simultaneously they do not form ribs of shells, no fine divi-
sion of 1D members into finite elements is required. If the axial force is lower than the critical force, this solution isrobust. The
method needs only two steps, which leads to a great efficiency of the method.

The first step serves only for solution of axial force. The second step uses the determined axial forces for Timoshenko's
exact solution. The original Timoshenko’s solution was generalised in SCIA Engineer and the shear deformations can be
taken into account.

Newton-Raphson method

The algorithm is based on Newton-Raphson method for solution of non-linear problems. The method is robust for most of
problems. It may, however, fail in the vicinity of inflection points of loading diagram. This may occur for example at com-
pressed 1D members subject to small eccentricity or to small transverse load. Except for the mentioned example, the
method can be applied for wide range of problems. It provides for solution of extremely large deformations.

The load acting on the structure can be divided into several steps. The default number of stepsiis eight. If this number is not
sufficient, the program issues a warning.

The rotation achieved in one increment should not exceed 5°.

The accuracy of the method can be increased through refinement of the finite element mesh or by the increase in total num-
ber of increments. For example, the solution of a single beam divided to a single finite element will not give sufficient results.

In some specific cases, high number of increments may solve even problems that tend to a singular solution which is typical
for the analysis of post-critical states.
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Newton-Raphson

Ko

do 5

>
d

d

Note : This method requires that a 1D member is divided to at least four (4) finite elements.
Usually, such division is adjusted automatically whenever Newton-Raphson method is
selected for calculation.

Modified_Newton_Raphson_method

The algorithm is based on Newton-Raphson method for solution of non-linear problems. The method is better in some case
of solution.
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Modified Newton-Raphson

>
d

do g

Note : This method requires that a 1D member is divided to at least four (4) finite elements.
Usually, such division is adjusted automatically whenever Modified Newton- Raphson
method is selected for calculation.

Picard _method

The Picard method is regarded as complementary method. It can be used when the Newton-Raphson method fails. The
method is more robust but slower. The Picard method can be use alone (the direct iteration method, using the secant stiff-
ness matrix) or in the combination with the Newton-Raphson method. In this case the calculation starts with Newton-Raph-
son and then switches to Piccard.

Main differences: the Newton Raphons method uses tangent stiffnesses, but Picards method uses secant stiffnesses.
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>
d

Note : This method requires that a 1D member is divided to at least four (4) finite elements.
Usually, such division is adjusted automatically whenever Picard method is selected for cal-
culation.

Smoothening of non-averaged values

The solver internally calculates the internal forces in integration points and at the end the calculated values are extrapolated
from the integration points to the nodes of the 2D element using the formulas for a hyperbolic paraboloid. These values are
then declared the non-averaged nodal values. Smoothening of the non-averaged values is demonstrated on a calculation
of a plate strip with the dimensions of 4x3 m. The plate strip is simply supported along the shorter edges, the Poisson coef-
ficient =0, and load p =5 kNm-2. The strip is divided to 4 x 3 finite elements and is solved using the Kirchhoff's and Mindlin's
theory. The picture shows the longitudinal section in the middle of the strip.
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Distribution of vx and mx according to Kirchhoff, non-averaged values determined by the
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Distribution of vx and mx according to Mindlin, non-averaged values determined by the
solver
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The following algorithms are used for the averaged valuesin the nodes:

a) Standard averaging

The nodal value is obtained as an arithmetic average from the values in the neighbouring selected 2D elements. When
option "averaged values on 2D macros" is selected, the values from the neighbouring 2D elements are averaged only if the
elements are located on one 2D macro, on the same side of possible internal edge and if the node is not defined by the user
asaninternal node. In that cases the values are not averaged and discontinuity in the distribution of internal forces occurs.
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Distribution of vx and mx according to Kirchhoff, averaged values
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Distribution of vx and mx according to Mindlin, averaged values
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E.g.
7:5+25
ve(1) = s = 5
8.772 + 5.351
mz(1) = 5 = 7.061

b) Smoothening along edges

It can be seen from the previous pictures that the standard averaging results in step-changes of the values along the edges
of the structure. It results from the fact that there is nothing the value on the edge could be averaged with. Therefore,
another approach is used along the edges.

When option "averaged values on the whole structure" is selected, the nodes on a 2D macro edge that is not connected to
another 2D macro or that is connected to a macro which is not selected are considered to be the edge of the structure.
When option "averaged values on 2D macros" is selected then the nodes on all edges of 2D macros, nodes on internal
edges and internal nodes defined by the user are considered to be the edge of the structure. In these situations, the aver-
aging is done in two steps. In the first step, the averaged nodal are calculated in nodes that are not located on the edge of
the structure. Then the values in the nodes of the elements on the edge of the structure are calculated using such an
algorithm to preserve the original value in the middle of the element. In the second step, the averaged nodal are calculated
in nodes that are located on the edge of the structure.
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Distribution of vx and mx according to Kirchhoff, smoothening along edges
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Distribution of vx and mx according to Mindlin, smoothening along edges
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c) Shear forces

The Kirchhoff's theory calculates the shear forces as the third derivative of the deflection:

When the third derivative is calculated a significant loss of accuracy occurs. Therefore the values of shear forces calculated
by the solver using the Kirchhoff's theory are not used and are calculated by an improved approach using the derivatives of
moments:
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The formulas use moment values mx, my, mxy averaged using steps (a) and (b), which results in more accurate values of
shear forces than determined by the solver.

Inthe Mindlin's theory the shear forces are calculated as the first derivative of deflection.
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these values are determined by the solver and are used directly.

The shear force are then averaged, according to the selected option, using steps (a) and (s).

Distribution of vx according to Kirchhoff, averaged values, smoothening along edges, val-
ues obtained as the derivative of moments
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v, (0)=7.525+7.525-5.013=10.038

d) Moments

While the values of moments in the integration points correspond to the theory, their extrapolation to nodes using the hyper-
bolic paraboloid leads to some loss of accuracy. The reason is that the hyperbolic paraboloid does not replace the dis-
tribution of the moments over the element with a satisfactory precision. The calculation of the values of moments in nodes
uses an improved algorithm that replaces the hyperbolic paraboloid extrapolation with an advanced shear-force-integral
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method. As the distribution of shear forces over the surface of the element is assumed to follow the shape of the hyperbolic
paraboloid (second order surface), the integral of this surface represents a third order surface that approximates the
moment distribution with a higher accuracy. This is based on the above-mentioned formulas for the calculation of shear
forces using the derivative of moments. Moments are then written from these formulas:

{ am.,
mx=[1 v, ——= dx+m,,
SN
_[4’ 1 3??1"1.\; .
w, = {H’.r_ BTy,
2e. .}

Integration constants mx,0, my,0 are calculated from the condition of the value in the middle of the element.

[m.as
W= . 5

[m,ds
MMy o = = 3

where Sis the area of the element. The values of internal forces are calculated using steps (a), (b) and (c), the integrals are

evaluated using numerical integration. The obtained values of moments in nodes are then, using the selected averaging
option, averaged according to step (a).
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Distribution of vx and mx according to Kirchhoff, smoothening along edges, moments

obtained by integration of shear forces
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: 5013 ,
mxlzx__l=‘|.vxdx+mx_:,=5_Ul3x— ——X tmg,

e

1 -
m, =m“l:1.5_]=9.1|5?=J-S.Ellix—lm}xl—m‘_g ad

1] 14

3 Ik 1
[:_m%;_;_maf_m .Jx} ~1.671+m,
2 ﬁ ¥ I:I Ef

m,, =m, (1) =9.167-1.671="7.496

e om (1Y +m (T 7.511 + 7.496
.??.‘l“|__1:]= PACY S PR = .

= 7.503

Distribution of vx and mx according to Mindlin, smoothening along edges, moments
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Initial deformations

Introduction to initial deformations

The initial deformation may be used in non-linear calculation to define the shape of the structure at the beginning of the ana-
lysis. Thus a state of initial imperfection in shape can be easily modelled.

Initial-deformation manager

The initial deformation curves can be defined and edited in the Initial-deformation manager. This manager is one the SCIA
Engineer numerous database managers. Its operation and layout are analogous to other database managers.

In the Initial-deformation manager the user may:
« define anew initial deformation curve,
o editan existing initial deformation curve,
« copy an existing initial deformation curve,
« delete an existing initial deformation curve,
« save the existing initial deformation curve to an externalfile.
The Initial-deformation manager can be opened in two ways:
« using tree menu function Libraries > Initial deformations,

« using menu function Libraries > Initial deformations.

Initial deformation curve

The initial deformation is defined in the editing dialogue by means of a position-deformation curve.

The curve may be defined in a simple operated dialogue.
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The user just has to type pairs of corresponding values for position and deformation. Next to the table the curve is displayed
with the position on the vertical axis and deformation on the horizontal axis.

The curve can be then later assigned to required direction in the definition of a non-linear combination.

Defining a new initial deformation curve

The procedure for the definition of a new initial deformation curve

Open the Initial-deformation manager.

Click button [New] to inserta new curve.

Anew curve isadded to the list of defined curves.

Select the new curve.

Press button [Edit] to open the editing dialogue.

In the editing dialogue, type pairs of corresponding values for the position-deformation curve.
Confirm with [OK].

Repeat steps 2 to 7 as many times as required.

Close the manager.
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Applying the initial deformation

The initial deformation curve may be used in a non-linear combination to define the initialimperfect shape of the structure.

The procedure for the application of the initial deformation curve

. Create a new non-linear combination or edit the existing one.

. Item Type of imperfection set to an option requiring the input of an initial deformation curve (i.e. either Functions +
curvature on beams or Inclination functions).

. Inthe appropriate items choose the required initial deformation curve (each direction can use different initial deformation
curve).

. Finish the definition or editing of the non-linear combination.

Use the combination for calculation.
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Introduction

The analysis of foundation structures is challenged by the problem of modelling of the part of the foundation that is in contact
with subsoil. The best solution is to use 2D model of the subsoil that properly represents the deformation properties of the
whole under-foundation massif by means of surface model. The properties of such model are expressed by what is called
interaction parameters marked C. These parameters are assigned directly to structure elements that are in contact with the
subsoil and they influence the stiffness matrix.

To simplify the matter, we may imagine that C is the characteristics of elastic, more precisely pseudo-elastic, links, or surface
spring constants that change according to the actual state of the analysed system. We may also use the professional slang
that calls it "support on C parameters", which is the generalisation of standard Winkler idea of the supporting in the form of
thick liquid g = C1 (MNm-3) or in the form of infinitely dense system of vertical springs. The generalisation is very important
and deals mainly with the consideration of significant shear distribution in the subsoil that is neglected by Winkler model. The
parameters of the interaction between the foundation and the subsoil depends on the distribution and loading level, or the
contact stress between the structure surface and the surrounding subsoil, on the geometry of the footing surface and on
mechanical properties of the soil.

Calculation module Soil-in takes account of all the mentioned dependencies.

As the C parameters influence the contact stress and vice versa — the distribution of the contact stress have impact on the
settlement of the footing surface and thus the C parameters, itis necessary to use an iterative solution.

The influence of subsoil in the vicinity of the structure

The modeliing of the interaction between a structure and subsoil requires that the influence of the subsoil outside of the struc-
ture be taken into account. This outside-subsoil supports the edges of the foundation slab due to shear stiffness. In the past,
special procedures were recommended to model this phenomenon. The current versions of SCIA Engineer employ a soph-
isticated solution whose principle is described in the following paragraph.

The program automatically adds to the edge of the analysed foundation slab springs that approximately substitute the effect
of what is termed support elements (1 to 2 metre wide strip located along the edges of the foundation slab, the thickness of
this strip is almost zero). The solution obtained through this approach takes into account the effect of the subsoil outside (in
the vicinity) of the analysed foundation slab.

In comparison with a solution without such springs, the results obtained with the springs gives smaller deformation of the
foundation-slab edges which means larger bending moments in the foundation slab.

The springs oriented in the global z-direction are assigned to all edge nodes except the situation when a node already has
another spring assigned or if a rotation of a node is specified. In that case, the program assumes that the user has already
defined a special type of support and that it is not wanted to alter that special configuration automatically on the background.

These exceptions can be used to deliberately suppress the implementation of edge-springs along certain lines. The user
can define very small line springs along required lines (edges) and thus eliminate the effect of the surrounding subsoil (e.g. if
a sheet pile wallis installed).

Soil-in output
The results from the soil-in iteration are the C parameters C,, Co and Cy,,.
Parameters C+, and C4, are always defined by the user.

C1z- resistance of environment against wP (mm) [C1zin MN/m3]

-107 -



Chapter 8

C2x - resistance of environment against wP/xP (mm/m) [C2xin MN/m]
C2y - resistance of environment against wP/yP (mm/m) [C2y in MN/m]
C1x- resistance of environment against uP (mm) [C1xin MN/m3]

C1y- resistance of environment against vP (mm) [C1yin MN/m3]

¢ Usually, C2x is considered equal to C2y and C1x equal to C1y, because the calculation is

done by so called isotropic variant of the calculation of C2 parameter.

The soil-in calculation is available when the specific functionality is active.

Check Subsoil on the left part and the Soil interaction on the right part of the functionality tab:

] Functionality |Luads | F‘roteu:tiun|

Cynamics O ;
saleies O IE
;: [ Subsail = =
B OEELY = File Design [NEN method] O
Stability O Pad foundation check O
)

The Soilinteraction is available only for Plate XY and General XYZ type of project.

C parameters (explanation from theoretical background of FEM solver)

C, - Parameters of the interaction of the foundation with the surface 2D model of the subsoil in physical relation containing
components of displacement u, v, w.

Winkler formula for vertical components:

o, =r[kPa] =Cj [MNm”]- w[mm]

Winkler formula for horizontal shear components:
r, =s, [kPa] =C; [MNm~] u[mm]

7, =s,[kPa] =C;, [MNm~]-v[mm]

C,- Parameters of interaction of the foundation with the surface 2D model of the subsoil in physical relations containing the
first derivative of settlement.

Paternal formula for shear forces:
¢, [KNm™]=C;, [MNm™] &w/éx [mm/m]
t, [KNm™] = C5, [MNm™]-éw/&y [mmm]

C4 - foundation compression modulus of the Winkler type, expressing resistance to the vertical displacement of the subsoil
surface.

Cax. Cgy,Coyy - foundation shear modulus expressing resistance to the shear components n the xand y direction of the sub-
soil surface, generally differentin positive and negative shears g, gy ,(dilatancy and contractancy effects).
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Pasternak G, modulusis our C,.
Pasternak differential equation:
d*w

p =wk—GPE

p- pressure
k- modulus of sub-grade reaction

Gp - shear modulus of the shear layer and it is related to rotation in the differential equation.
Rotation of the surface =bevel dw/dx (see the picture)

dx

.”".""."‘”H{;;”E I d"“'—
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w - displacement

g- shear strain

Support on surface
The interaction between the structure and subsoil is calculated if the structure is put on a support of "Soilin" type.

The procedure to define a new Soilin support

1. Create the structure to be supported.

Open service Structure.

Start function Support > Surface (el. foundation).

Adjust the parameters (see chapter Surface support on slab).

Confirm with [OK].

Select the slab (groundslab) or slabs that should be supported with this type of support

o ok w N
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Ifthe ground-slab is not horizontal, one should be aware of the following:

The correct calculation of C parameters assumes that the structure that is in contact with subsoil is more or less horizontal.
Technically speaking, the inclination of the footing surface up to 5 to 8 degrees can be allowed. Program is capable of deal-
ing with footing surface in several z-levels, but the results are acceptable only if the z-levels are within certain limits - see the
following literature (in Czech):

« Kolaf V.: Matematické modelovani geomechanickych Uloh. Skriptum pro postgraduaini studium FAST VUT Brno, 1990,
60 str.

o BucekJ., Kolar V., Obruca J: Manual k programu SOILIN, FEM consulting Brno, 1993

o BucekJ., Kolai V.: Iteraéni vypocet NE-XX - SOILIN, FEM consulting Brno, 1995

« Kol4F V.: Statické vypocty zakladovych konstrukei. Kniznice Aktualit Ceské matice technické Praha, ed. plan 1994.

o Kolar V.: Teoreticky manual FEM-Z k program(m DEFOR a NE-XX, seminaf FEM consulting s.r.o., 5.- 6.10.1993 v
Brné.

The surface support properties

" Properties ﬂ

Name | 551
Type Sailin Rd
20 member 51

Name: Specifies the name of the support.
Type: Defines the type of support — see below.
Subsoil: If necessary for the selected type, this item specifies the subsoil parameters.
Type
Individual:
A particular subsoil type is assigned to the slab.

The subsoil is defined by means of C parameters. These user-defined C parameters are used for the calculation
(of e.g contact stressin the footing surface). Itis possible to set for parameter C1za nonlinear function.
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Soil-in:

For such a support, the interaction of the structure with the foundation subsoil is carried out by means of SOIL-IN
module.

Parameters C1z, C2x, C2y are calculated by SOIL-IN module.

Both:

Both of the above mentioned types are combined on the same slab.

The user defines which C parameters will be user-defined and which ones will be calculated by SOIL-IN module.
Parameters can be defined in subsoil properties. Those C parameters that are input in the subsoil-property dia-
logue as zero, will be calculated by the SOIL-IN module. Nonzero parameters will be taken as they are input.

The additional springs are automatically added on the edges if soilin calculation doesn't
recognize additional plates around the support. See chapter Advanced tips.

Subsoil in the 3D model

The subsoil in the 3D window is defined as a soil surface and soil borehole. The geologic profile is defined for each soil bore-
hole. The position and the composition of the geologic profiles provide information about subsoil.

Soil borehole

The borehole is available in the project only when the functionality Soil interaction is checked.

¢ The special property in the inserting dialogue converts standard borehole to the Sand-

gravel pile. See more in the separate chapter.

Soil types according to CSN EN 73 1001

Fine-grained soils Sands Gravel

F1(MG) loam, fine-grained S1(SW) sand, well-grained G1(GW) gravelwell-grained
F2(CG) clay, gravelly S2(SP) sand, poorly-grained G2(GP)  gravelpoorly-grained
F3 (MS) loam, sandy S3(S-F) sand, with fine-grained soil  G3(G-F) g(r;llvel with fine-grained
F4 (CS) clay, sandy S4(SM) sand, with loam G4(GM) gravel, with loam

F5 (ML) loam, small plasticity S5(SC) sand, with clay G5(GS)  gravel, with clay

F5 (M) loam, middle plasticity
F6 (CL) clay, small plasticity

F6 (Cl) clay, middle plasticity

F7 (MH) loam, high plasticity

F7 (MV) loam, very high plasticity
loam, extremly high plas-
ticity

F8 (CV) clay, very high plasticity
clay, extremly high plas-
ticity

F7 (CH)

F8 (CE)

Geologic profile

Allprofiles are saved to the Geologic profiles library. The geologic profiles can be imported or exported by the DB4 format.

-111-



Chapter 8

Elﬁ Libraries

S Setup

----- H Catalogue blocks

----- H Named tem

jg Structurs, Analysis
Steel

Concrete, reinforcement
Subszail, f
Subszoils
Geologic profiles ]
e Pad foundations
Loads

Fire heat

Heat transfer

ﬁ Drawing tools

#
3

The borehole profile is defined as a simple grid with the preview. Each row represents one layer of soil with the same prop-
erties.

F T — k|
Geologic profile ﬂ

Thicknssz = 1.40[m], Edef= 30.00[MIN/m"2]. Waight = 18.50[kN/m"3]

I I I I I I I I I I I I I I I I I I I I I I Thicknass = 1.60[m], Ed=f = 30.00[MIN/m"2], Waight = 19.50[kN/m"3]
T A Thicknssz = 0.01[m], Edef =42 00[MDT/m"2], Weight = 15.00[kN/m"3]
Thiclnass = 2.00[m], Edaf = 30.00[MIN/m"2], Waight = 15 00[kN/m"3]

Thickness =2 60[m], Ed=f = 20.00[MIN/m"2], Waight = 17 30[kN/m"3]

Thickns=ss = 3.00[m], Ed=f = 20.00[MN/m"2], Waight = 17.50[kN/m"3]

Thiclness = 4.00[m], Edaf = 20.00[MIN/m"2], Waight = 17 30[kN/m"3]

Name | Thickness [m] | Edef[MN/m™2] | Poisson Dry weight kN/m™3] | Wetweight kN/m™3]  [m [ «
1 |ndeyp Bték 140 30,00 0.350 18.50 18.50 0.
2 | &énc hlinty.. | 1,60 30,00 0.300 18,50 15,50 0.2
3 |EtEnk 0.0 42.00 0.250 19.00 19,00 0.
4 |&Ek G3st.. 200 50.00 0.250 19.00 19,00 0.
5 |pissk 53s.. 2560 20.00 0.300 17.50 17.50 0.
(= mical €1k R nin 1N L el ] 17 RN 17 RN n o
‘wiater height 5,000 m Mare W3
MNon-compressible subsail below the last inputted layer [ 0K, ] [ B
| — —— — | — -

Each layer is defined by the soil parameters:

Name:
Specify the name of the layer

Thickness (m):
thickness of the layer

Eger:
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The module of deformation E 4 is defined as deformation characteristic of the soil. It is a ratio of the normal
stress increment to the increment a linear transformation. For geotechnical categories 1 and 2 the indicative
value from e.g. CSN 73 1001 can be used, for category 3 a survey should be carried out to provide for the value.
The value E,, from Eurocode 7 can be used instead of E .

Eer according to CSN 73 1001:

Class of the subsoil E 4ef (MPa)
F6-F8 (soft, medium consistency) | 15-4
F6-F8 (stiff consistency) 6-8
F6-F8 (hard consistency) 10-15
F3-F5 (soft, medium consistency) | 3-5
F3-Fb5 (stiff consistency) 8-10
F3-F4 (hard consistency) based on survey
F5 (hard consistency) 10-20
F1,F2 (soft, medium consistency) | 5-15
F1, F2 (stiff consistency) 12-25
F1,F2 (hard consistency) based on survey
S4,85 5-12
S3 12-19
S2 15-35
S1 30-60
G5 40-60
G4 60-80
G3 80-90
G2 100-190
G1 250-390
R6 10-75
R5 20-250
R4 40-750
R3 70-2500
R2 130-7500
R1 250-25000

The E4e for Ris derived from the number of discontinuous parts in the soil.

Poisson:
Poisson’s ratio, coefficient of transverse deformation, an indicative value or experimentally found value can be
used, predefined rangeis0—-0.5

Poisson according to CSN 73 1001:

Class of the subsoil Poisson v

F8 (soft, medium, stiff consistency) 042

F8 (hard consistency) based on survey

F5-F7 (soft, medium, stiff consistency) | 0,40

F5-F7 (hard consistency) based on survey
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Class of the subsoil Poissonv

F1-F4 (soft, medium, stiff consistency) | 0,35
F1-F4 (hard consistency) based on survey
S5 0,35
54,83 0,30
$1,82 0,28
G4,G5 0,30
G3 0,25
G1,G2 0,20
R6 0,40-0,25
R4,R5 0,30-0,20
R3 0,25-0,15
R1,R2 0,20-0,10

Dry weight:

weight for the dry soil, normally within the range from 18 to 23 kN/m3, range is 0 — 10000000000 kN/m3

Wet weight:

weight for the wet (saturated) soil, this value is mostly about 2-3 kN/m3 higher than the dry weight, range of the
valuesis 10— 10000000 kN/m?

m coefficient: )

structural strength coefficient, according to the Eurocode7 is 0,2 (CSN 73 1001 defines a table). The m coef-
ficient may be modified for the whole Eurocode.

Coefficient m according to CSN 73 1001:

Class of the subsoil m

F1-F8 with E 4o;<4MPa, not over consolidated and soft or solid consistency

0,1
R1,R2 and R4, R5 not affected by erosion

F1-F8 which don’tbelong to the first group
S$1,S2,G1, G2 under the water level 0,2
R3

S1,S2,G1, G2 above the water level
S3-S5

G3-G5

R4, R5 which don’tbelong to the first group

R6 04

03

Loess, loess loam 05

Geologic profile must be defined up to such a depth where the bearing pressure is still act-
ive, otherwise the program does not have sufficient information.

The defined parameters are displayed in the library as properties.
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W3

. .Name 3
"W ater height [m] | 5.000
Mon-compress... | E

B Layers
= lh

Layer's name | nasyp étérk
Thickress ... 1,400

Edef [MMMA.. | 3.0000e+01
Poizzon 035

Oy weight ... | 18.5

“Wet weight... 185

m nz

The height of the underground water is defined by the value in the properties. It is a positive value but it represents the
depth.

Non-compressible subsoil below the last inputted layer

[ Mon-compreszible subsoil below the last inputted |ayer

The checkbox “Non-compressible ..." can be used if the soil below the last layer is non-compressible. The system applies
coefficient of depth reduction . in this case (calculation of  » can be found in CSN 73 1001, art. 80). This option is recom-
mended when the non-compressible layer is placed in a small depth under the borehole.

Calculation of »  according to CSN 73 1001:
% 9=1-exp((z/2) In0,25 +1n0,8)

N T |
I 1 []
et TECE EEES St b

i i [
NIRRT
1 L) i
7 [T ] . j_
@94 F ! : |
M e i :
1297707 3 | : !

=l 1% R Bt . fbit Sk
é : L/ :
i 1 H 1 i

-
[=

—_—

0,7 0,8 0,9
2 W2

1 —foundation base

2-non-compressible layer

z;. —is the depth under the foundation base to the non-compressible layer

z—-isthe depth from the foundation base to the level where the contact stress o, should be calculated

The contact stress o, will be calculated by the reduced depth z,,=x ,*zwhere zis the depth under the foundation base.
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Properties of the borehole profile

Properties EJ__?C_]

| Borehole profile (1) | Va7
[Name | BH1
Coord X [m] 0,000
Coord Y [m] -2,000
Coord Z [m] 0.0:00
Fesults onby O
Gealogical profile V3 ol =

The borehole is defined by the geologic profile and the inserting point in the 3D window. The properties contain only name,
its coordinates, the borehole profile and the checkbox Results only.

Settlement input data

Settlement is calculated for each mesh element (in its center of gravity) and for each borehole inserting point. The checkbox
Results only exclude a borehole inserting point from the input data. It means that the point is used for the calculation of set-
tlement but the geologic profile is not taken into account for the layers approximation.

The nodes for the settlement calculation (green vertexes):

T 008

Geological areas

The main geological surface = area is calculated and displayed automatically. It is possible to create more areas in the main
one.

Layers approximation is calculated inside one geological area, independently on neighbouring areas. There is a geological
fault on the border between two geological areas.

The Sand-gravel pile is a geological profile which is placed in one geological area.

-116-



Soil-In

Layers approximation

When more borehole profiles are used in the project then it must fulfil one important condition — the same number of layers.
Thisis required because of the soil-in approximation.
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If there is some layer missing in one borehole, then it can be substituted by layer with min-
imum thickness — e.g. Tmm.o the soil-in has appropriate number of layers for approx-

imation.

Foundation base

The level of the foundation base is considered on the bottom surface of the plate. The eccentricities are also taken into
account.

Even the extrem example as this one place the foundation base to the bottom surface.
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duuuua&ﬂaﬂ.ﬁ. h

The red line indicates the foundation base.

Soil surface

Soil surface is a tool for initial approximation of subsoil surface and layers between boreholes.
Surface is calculated automatically according to inserted structure and inserted boreholes.
Ifitis deleted then itis automatically regenerated before the calculation starts.

Surface hasits borders at least 10m outside the structure.

The surface is editable by 2 action buttons:

o Refreshoutline: it recalculates the border

o Refresh surface: it recalculate the mesh of the surface

Refresh outline s
Refresh surface -

The properties of the surface are simple. Just a name and sizes:

Properties _J;l.jﬁj

Soil suface (1) v] LT:IRYAR
4

MName | 551

Mae . [m] 10,000

Min 3 [m] -10,000

Mz y [m] 10,000

Min y [m] -10,000

Itis possible to display deformed subsoil surface. It is created by several boreholes with different Z coordinates. The mesh is
used only for displaying of terrain, it is not used for the calculation.
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Surface support

The surface support s basic structure object for soil-in. The support type is defined by combobox with 3 items.

Properties _JHE]

[Surfau:e support on surface (1) v] AT:IRTA

%

MName 351
7 Soiliry -

20 member Individual l

Both

Individual:

the C parameters are defined by user in the Subsoil manually (all of them). They are used for calculation. (e.g.
contact stresses of the foundation surface)

Soilin:

system calculates C parameters (C4,, Coy, Czy) — this type is required for the complete soil-in calculation, C4,
and C+y are taken from the solver setup

Both:
system calculates C4,, Coy and C,, if they are set to zero in the Subsoil; the rest is taken from the Subsoil. This
item is used rarely only for a very special cases.

Soil-in type

The only type which doesn't use the data from the Subsoil library. All initial values of C parameters are defined by the Solver
setup. C1y and C4, are taken from this setup as the results and the restis calculated by the Soil-in.

The initial values could influence a bit the calculation convergence but their major importance is for setting of non-com-
pressible stiffnesses. These values are 100 times higher than the initial values. That's why a reduction of initial values (e.g.
10times) can help in a convergence problems (higher depth, smallloading, etc.)
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I’ hl
B Solver setup w

MName
Sawes
Coefficient for reinforcemert 1
B Seil
Soil combination
Man soil interaction step
Size of soil suface element [m]
C T [MMN/m™3]
Cly [MN/m™3]
C1z [MN/m™3]
C2x [MMN/m]
C2y [MN/m]

EZB
KN

NN — = — e —

[=I=RR= 0 =RR=0 %

Individual type

C12, Coy, Cyy parameters are taken from the Subsoil library. It is predefined by the user. The calculation of Soil-in won't
startin this case.

Both type

Soikin calculates C+,, C,y and C,, only when they are set to the zero value by the user.

The parameters with any other value are taken from the library.

Example with type Both:
Clz Flexible |
Stiffriess [MM./m™3] 5.0000e+01
C¢ [MM/m] 30000
0.0000e+00
L

In this case the Czy parameter is calculated by soil-in. Thisitem could be used onlyin a case
when the soil-in would calculate any extreme values of C, parameters. It is a very sporadic
case.

The type Both is not too common and it was introduced mainly for two reasons:

First, | use type Soil-in but | want to have different friction in different parts of the structure. Therefore, the solver setup dia-
logue is not enough for me, because is just one value can be adjusted there for the friction. Therefore, | can use type Both
and thus | am able to define several subsoils with non-zero constants C4, and C4, with all other parameters adjusted to
zero. When the Soil-in module runs, the non-zero constants C4, and C1y are of higher priority than those determined by the
solver and are applied. Other "zero" values indicate that the values determined by the solver are applied.

Second, sometimes it may be necessary to "suppress" higher values of shear (C,,, C5y) calculated by Soil-in module. This

may happen e.g. when a new plate is modelled on an old one and the old plate is defined as the first layer of the subsoil. Itis a

correct and proper solution, but as E modules of soil and concrete are dramatically different, the Soil-in module calculates

high C, parameters. Consequently, the stiffness of the foundation slab in the model is bigger than if the two slabs were

"joined" together and input as a homogenous monolith. Therefore, Co parameters may be reduced artificially. This can be

achieved in type Both. | define the subsoil with zero C, (it will be determined by the Soil-in module) and other non-zero para-
meters (C, and friction). Thus the Soil-in module will provide only for C4, parameter.
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Subsoil library

The subsoil contains parameters which can be defined by the user or calculated by soil-in.

Parameters C4, and C, are always defined by the user.

r.
B Subsoils

A gm0

Sub2

2

[r |

) | & @ | [a x| 7
[Name | Sub1
Decription
Clx [MMAm ™3] 5.0000=+1
Cly [MM/m™3) 5.0000=+M1
Clz Flexible ;"
Stiffness [MM./m™3] 5. 0000=+01
C&x [MMAm] 3.0000=+M1
C2y [MM/m] 3.000:0=+1
B Parameters for check
Type |Undrained L"
Water/air in clay subgrade O
Specific weight [kg/m™3] 0.0
Fi [deg] 0,00
Sigma oc [MPa] 0.0
c' [MPa] 0.0
cu [MPa] ]

[ Mew ][ Insert ][ Edit ] Delete

Required parameters for Soil-in calculation

What all must be defined:

« Projectwith atleast one borehole with predefined geologic profile

« Structure with surface support type Soilin or Both

o Load

« Combination type Linear (ULS or SLS)
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Soil-in settings in the Solver setup

-

Solver setup @

Meglect shear force deformation [ Ay, Az = > A) - £
Bending theory of plate/shell analysis Mindlin -
Type of solver Direct =
Mumber of sections on average member 10

Warning when maximal translation is greater than [mm] 1000,0

Warning when maximal rotation is greater than [mrad] 100,0

Coefficient for reinforcement 1

Print time in Calculation Protocol [~

=l Effective width of plate ribs

MNumber of thicknesses of rib plate 7
Parallelism tolerance for automatic calculation [deg] 10,00
Span length ratio L/beff,max (1 side) for automatic calculation [-] 8,00
= Span length correction
Simply supported beam [-] 1,00
Inner span [-] 0,70
End span [-] 0,85 E
Cantilever [-] 2,00
Step for soil/water pressure [m] 0,500
= Soilin
Soil combination Combi3 -
Maximum sail interaction iterations 10
Clx [MN/m*3] 1,0000e-01
Cly [MN/m*3] 1,0000e-01
Clz [MN/m"3] 1,0000e+01 |
C2x% [MN/m] 5,0000e+00
C2y [MN/m] 5,0000e+00
Thickness of loose layer at contact level [m] 0,500

Egj _ﬁjEj 0K 1 Cancel ]

Soil combination:

linear combination which is used for the soil-in calculation.

Even though itis not an exact solution, for practical reasons the C parameters are not calculated separately for
each load case or each load case combination. The user must specify one particular reference combination that
is used to calculate the C parameters. The calculated C parameters are then applied in all remaining defined load
cases and combinations.

Maximum soil interaction iterationsstep:

number of iteration cycles (when the program stops iterations if there are still no proper C parameter calculated,
in case that results diverge), the max. limitis 99 steps

Size of soil surface element:

define size of element of surface mesh. Itis used for displaying of terrain.

C1X:

the parameter defined by the user

C1y:

the parameter defined by the user

C1Z:

initial value for soil-in (if the support type is Sailin)

sz:

initial value for soil-in (if the support type is Sailin)

Czy:
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initial value for soil-in (if the support type is Soilin)

Thickness of loose layer at contact level [m]:

setting in solver settings for automatic definition of loose layer at contact stress level for better handling of found-
ation at great depth and faster convergence of soilin iterations. This layer is automatically created and managed
by soilin to handle the fact, that a thin layer of soil is always somewhat damaged and loose, just at the contact
level. Thisitem is set 0 as default. User can choose thislayer 0 - 10m.

The source of not calculated parameters depends on the support type. Itis described in the
previous chapter.

Soil-in calculation

Soil-in iterative cycle

The values from the top structure and the foundation are calculated by FEM. The values are used as the source data for the
soil-in.

The iterative processis finished when the contact stress o, and displacement u,, does not change significantly in the two sub-
sequent iterations. The special quadratic norms are evaluated in the each iteration cycle to find out if this condition is fulfilled.

Diagram of the iterative cycle:
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D~

(1)
Inital C parameter
(Solver setup)

(8)

New C parameters

*

(7)
Soil-in
Calculation of new C parameters

\ 4 *

(6)
esults Change of loading
(! contact stress) (based on contact stress)

Final results

The values are taken from the solver setup, predefined by the user.
Data from the structure and its foundation.
FEM calculation —important results for soil-in contact stress o, and displacement u,.

The results of i iteration.
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Comparison of the in contact stress 0, and u, —itis based on the quadratic norms, when it does not change significantly,
then the calculation is done and SCIA Engineer displays results.

18t step of soil-in — the contact stress is recalculated to the new loading.
2"d step of soil-in —the C parameters are recalculated, new loading is taken from the previous step.
3 step of soil-in— final C parameters from soil-in - the new input data.

New C parameters are used for the next FEM calculation.

There is a message when the last iteration is done.

. "
FEM solver - 64 bit, [

Iterative processing FEM analysis-S0ILIN finished
___I____'j_i with iteration no. 3

oK

Quadratic norm to compare the results from the last and the previous iter-
ation

The calculation of the settlement of the subsoil and subsequent determination of the C parameters is performed in a stand-
ard way using an iterative process. The result of this process is the state in which the contact stress or displacement u,, in two

subsequent iterations does not change significantly. For that reason, the following quadratic norms are evaluated in every j-
th iteration:

n

2
Z(O'z,r,j - O'z,f,j—l) 4,

i=l

E =

o n
Z Jz:i!j ) o-zsj:jil ’ Af
i=l
z 2
Z(uz,i,j _uz,i,j—l) Ai
_ =l
Su = p=
Z Uy ij Uzij ‘ 4,
i=1
Where:
nnumber of nodes

0, jcontact stressin node i
Ajarea corresponding to node i

U, ;global displacement of node iin the z-direction
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The iterative calculation is stopped if £ ;<0,001 or £,,<0,001

Theory about the derivation process

In this text we limit ourselves to a brief derivation for the purpose of the explanation that will follow:
1. The formula for the potential energy of internal forces of the 3D model has the following form:

; 1
I, =—[o"gar =
22

[ De dV
F

rql

2. Neglecting the effect of horizontal components of deformation, we get the following vectors:

3. Thismeansthe corresponding simplification of the matrix of physical constants D.
E 0 0
D=0 & O
0 0 @

4. Inorder to be able to reduce the problem from 3D to 2D, itis necessary to integrate formula 1) over the z-axis. For this
reason, a certain “damping function” f, is introduced and it is defined by the ratio of the settlement in the given depth to the
settlement of the surface wy(x.y).

wix, v.2)

fz)= —

5. Modifying formulas from step 2) we get:

%f"(z} oW} (x ¥) a(x ¥)

e=|wy(x.»)

f(2).

Sz }}

6. Substituting formula from step 5) into the formula for the potential energy of body V=QH, where Qis the extent of the 2D
model and H is the depth of the deformed zone of the 3D model, we obtain the following formula:
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7. Integrating over z, we get the formula for the potential energy of internal forces of the 2D model with two parameters C1S

and C,5:

i A If . [f 2
Ty = - Cowp (1) +C7 | Hp(x.¥) },)] +C5 | M) a0
2 - ‘\ o oy

=]

8. Comparing formulas from step 6) and 7), we can define the relation between the parameters of the general (3D) and sur-

face (2D) model:
H : =

oo E{@f}} &  C=C; =[G ()
L ]

Conclusion:

It is also possible to eliminate the automatic calculation of some C parameters and define them manually. This can be

achieved by special adjustment of the subsoil parameters and set the type to Both (!).

The results of soil-in

2D data viewer

The soil-in results are available in two different services. In the “Calculation, mesh” service is 2D data viewer. There are res-

ults for Subsoil.

i Calculation, mesh
P Check structurs data
b Connect members/nodes
----- J#* Mesh setup
----- Solver setup — ———
----- % Local mesh refinemert SRy i[ﬂ
i@l Mesh generation
..... Caleulation @J Surface loads
----- E2 Hidden caleulation {8 Temperature load
-y j o
----- '@E 2D data viewer

The C parameters are calculated for the mesh on the 2D member. Itis displayed by the colour planes.

The results can be displayed for each of C parameters.
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Properties _El_j _X_j
[Subsoil (1) Ve 7
@ 2
Mamea Subsail
Selection Al =
Fitter ho ud
dILes C-1I =
Drawing setup 20 C 1z
Cx

The example of calculated C1z:

f_
Cly

9 B635e+002

9.0000e+002
8.0000=+002
7.0000e+002
6.0000e+002
5.0000e+002
4 .0000e+002
3.0000e+002
2.0000e+002
1.0000e+002

2.7035e+001

Clz [MN/m*3]

Fe

Drrawing setup 2D

The preview with C parameters in the table can be also displayed in the 2D data viewer.

Results

The service results contain two result previews:

o Subsoil-C parameters

« Subsoil- Other data - this displays settlement (table and diagram for each node)
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8

Results

A ¥

&

[F:T.' Deformed Structure
& Supports
= ;
----- £% Reartions
----- + Resultant of reactions
g Foundation table
----- + Modal space support resulkan

== 2D Members

-

----- @j Displacernent of nodes

i

----- @j Mernber 20 - Internal Forces

i

----- @j Mermber 20- Stresses

i

----- @j Member 20- Conkack stresse:
----- .sE? Section on 20 member
-4} Inteqgration strip

E Sveraging strip

@j Subsnil - C parameters
@j Subsoil - Other daka

_D Bill of material

E:[' Calculation pratocal

C parameter results

When the Soilin type of the support is used then the preview Subsoil — C parameters displays the same results as 2D data

viewer.

When the Both type of the support is used then the preview Subsoil — C parameters displays results of the soilin calculation
and the 2D data viewer display data from the Subsoil library.

C1z [MN/m*3]
9 6635e+002

9.0000e+002 l

5.00008+002 |
7 00008+002
£.00008+002
5.00008+002 |
4.0000e+002 ||
3.00008+002 -

2.0000e+002
1.0000e+002

2.7035e+001
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Preview

Bl BS || /0 w s > (| T aeraur L
Subsoil

Selection Al

Comhbinations @ Co1

Element | Element 2D Clz C2x Cly

[MHN/m®] [MM/m] [MN/m]

1 1] 463020401 | 4,28523e+00 | 4,2853e+00
2 2 9.9824e+01| 51483e+00| 5,1483e+00
3 3| 1.6604e+02 | 23392e+00| 2,33597e+00
4 4 6,7508e+12 [ 1,1691e+00 | 1,1651e+00
] 2 7.B848e+02 | 1.711e+00] 1,7111e+00
B B 9.6632e+12| 1,6222e+00| 1,622¢e+00
7 T 338992401 | S4404e+00 | 9 4404e+00
g gl 3.3604e+01 1 B.6200e+00 1 6&.6200e+00
1 Element

Soil stress diagram

The “Subsoil— Other data” allow to display Soil structure strength diagram for calculated points. The points are displayed by
the action button “Soil stress diagram”.

| Soil Stresz Diagram a0

Presview ErE

Green vertexes on the plate are centres of elements from 2D mesh. Two green vertexes outside the plate are inserting
points from boreholes.

Points are displayed as a green vertex. The vertical axial components of stress and the structure strength (consequently the
depth of the deformed subsoil zone) can be displayed for all points from the 2D mesh and for the inserting points of the bore-
holes. User just selects the point and the diagram is displayed.

Ifthe borehole is defined as “Results only”, then the point is available for displaying the diagram.

Example of the dialogue Soil Structure Strength:
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Soil Structure Strength @
Earehole 16 ¥=05001m | ¥= 12,500t

0025 m
Soil poirk: 16 e

Coordinates

= 0,500 m
Y= 2,500m
[ Previous ] [ Mexk ]

[ Send Picture ko Document ]

Litnit depth = 2,354 m

Close

Previous:
Display the Soil Structure Strength for the previous node

Next:
Display the Soil Structure Strength for the next node

Borehole:
Display the Soil Structure Strength for the selected borehole inserting point

Soil point:
Node number

m*Sigma,or:
The original soil stress

Sigma,z:
The overstress

See more about Soil Structure Strength diagram here.

® . . . . . .
There are two lines - m*Sigma,or and Sigma,z. According to theory, settlement will occur if

Sigma,z>m * Sigma,or.

Settlement table
The table is displayed in the Subsoil— other data results. The preview table contain values w for each node.

The settlement w is different from displacement u,, of the foundation plate because w is calculated without stiffness of struc-
ture and from the penultimate iteration. Therefore it is useful to watch values w only outside the foundation.
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Preview

B || /0 mwow -
Subsoil - Other data

Selection ; All

Combinations @ CO1

Element X Y w

[m] [m] [mm]

1 -2.5800 4,500 0.4
2 -1.,500 4 500 0,2
3 -0.,500 4,500 a0
4 0,500 < .a00 o0
] 1,800 4 500 oo
& 2,500 4 400 a0
Fi -2.5800 3,500 a5
g -1.,500 3,500 0.6
g -0.500 3.500 0.3

Results for each iteration cycle

When the soil-in won't finish its iteration process in a standard way, the calculation ends after the predefined number of
cycles (the solver setup). User can display the contact stresses on the plate for each cycle separately so he is able to find the
problem.

The calculated contact stresses for each iteration cycle can be found in the results.

Properties f.l.ﬂ

Cortact stresses (1) v] AT T
& =
Name Kortakingé napatie

-
Location In centres had
Standard EH

Section Od

Values sigmaz
Extreme o -
Drawing setup 2D

Thefirstiteration cycle
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r - P rti
sigmaz [kPa] —— 3
15.8 [Cnntad stresses (1) '] Wﬂ ‘1?;; f?
& =
14.0 MName Fontaking napatie
: Selection Al R4
Type of loads Soilin teration Rd
12.0 Soiin eration | keration 1 E
Filter Mo hd
Location In centres Rd
Standard E
Section O
Edge O
Values sigmaz ]
[] | Bxtreme M Rd
5t Drawing setup 20 _|
The second iteration cycle
8 - i rti x
sigmaz [kPa] TOREES i HJ
21.0 [Contad stresses (1) v] W& V}; 7
20.0 @& =
MName Kontalktné napatie
18.0
Selection Al LI
16.0 Type of loads Soilin teration |
14.0 Soilin teration | teration 2 LI
Fitter Mo LI
12.0 Location In centres LI
100 Standard E
Section O
2.0 Edge O
a0 I Values sigmaz LI
[ ] | Bdreme No _vJ
G Drawing setup 20 _I
The third iteration cycle
sigmaz [kPa] * SRR 2l
14.0 [Contact stresses (1) '] % ‘1?-/' F?
138 e x
128 MName Kontaktné napatie
120 Selection Al d
Tvpe of loads Sailin teration hd
2 :
Soilin teration | teration 3 Rd
10.4 Filtter Mo LI
9.5 Location In centres |
28 Standard E
2.0 Section O
Edge O
i Values sigmaz =
6.4 |:| Extreme Mo ;I
60 Drawing setup 2D _|

The fourth iteration cycle
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. ~ |Properties alx
sigmaz [kPa] EREHERNE —I—!
15.3 [Cnrdac*t streszes (1) v] AY: YA
& &
14.0 Name Kortakiné napatie
Selection Al Ll
12 0 Type of loads Soilin teration Rd
Soilin teration | teration 4 |
Filter Mo |
10.0 Location In centres hd
Standard E
2.0 Section O
Edge O
a0 I Values sigmaz hd
[ ] | Extreme Mo Rd
5 Drawing setup 20 o

The additional springs are automatically added on the edges if soilin calculation doesn’t
recognize additional plates around the support. See chapter Advanced tips.

Soil-in and Pile design

Soil-in is a tool for calculation stiffness of the subsoil half-space. The pile is a type of support. Soil-in and piles can be used in
one project and system will calculate it together.

Soil-in and Piles are using two different types of boreholes. Piles are based on the CPT profiles; soil-in boreholes are user-
defined by layers. Both types of boreholes must be inserted in the project if the user wants to calculate soil-in and pile design.
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Borehole profile for soil-in
Surface support for soil-in
Piles for Pile design

CPT profile for Pile design

Advanced tips

Foundation at great depth

For better convergence of soilin iterations for foundation at great depth user can set at solver setup in group Soilin - Thick-
ness of loose layer at contact level [m]. The recommended value is 0,500 m. More info in Required parameters for Soil-in cal-
culation.

The effect of the subsoil outside the structure

The nearest subsoil around the loaded structure is also affected by its settlement. The better realistic picture how it works in
the reality is displayed below.

Calculation of the nearest surrounding of the structure is a specific use case. Itis recommended to add one more plate to the
structure for this purpose — additional subsoil element.

The new plate should be inserted with the minimum thickness (e.g. 0,01mm) and placed next to the foundation.
The C parameters for this affected subsoil around the structure are calculated this way also.

The deformed subsoil calculated by the SCIA Engineer:
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Calculated C parameters:

The structure is marked by the black rectangle and around this is one more plate - surrounding plate — with thickness
0,001mm.
Automatic calculation of the edge supports

When user don't use any subsoil elements then the program will eliminate the neglect of the subsoil on edges by an auto-
maticinserting of vertical supports on the foundation edges.

The calculation of those supports is based on already known C parameters. The program try to support the plate in the
same way as it should be supported by the subsoil itself. This leads to approximate model where the sum of reaction is con-
tact stress with reactions in those nodes.

This solution can be sometimes undesirable — e.g. if there is a second foundation near by the calculated one or there is some
other support under or near the foundation edge.

This automatic input can be avoided manually. User can insert a spring with a small stiffness on the plate edges and then the
system won't use automatic input of vertical supports. This could be the additional subsoil elements.

Pad foundation and soil-in

The pad foundation is not connected with the soil-in calculation.

How to use soil-in for the pad foundation check:

-137-



Chapter 8

1. Create additional structure to calculate the C parameters in the nearest surrounding (it is described in the previous tip)

C1z [MN/mA3]
1.0000e+003

5.0000e+002 I
7.0000e+002 4

2.0000e+002
G.0000e+002
5.0000e+002
4.0000e+002
3.0000e+002

.| 2.0000e+002
1.0000e+002

1.4813e+001

Calculated C parameters on the surrounding plate —> C parameters for the pad foundation

2. Calculated C parameters can be used in the Subsoil library. Put the values from the table to the Subsoil library.
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0 @& kalE i % 18 B

= oy .I_I o3 Or

2@ B&| |50 - |«

B4 484 1, 7858e+01 1.0708e+01 1.0708e+01

iBE 488 1.8457e+01 2.4114e+00 | 2,4114e+00

B8 488 ( 1,9884e+01( B5,2088e+00| 5 2088e=+00

187 487 | 1,0850e+02| §8234e+00 | & 82342400

188 488 2.1320e+02| 1,55595=+00 1,56585:=+00

182 488 27071==02( 1,4515e+00 1,4815e+00

B30 490 2.74Me+d2| 1,4815e+00 1,4815e+00

181 481 | 2.2820e+02| 1.4815e+00| 1.4815e+00

» | Properties x|
[Suppurt in node (1) 'r] ﬁ;} ? f
X

Mame Sn1
Type Fad foundation ;I
Angle [deq]
Pad foundation PF1 vl
[Subsai | b1 - [

- LStiffness X LAkl ml I L

B Subsoils - - -
O+ o —u —a —
AIeBh oo & wEHE | x|

Subl

Mame

Elz

3. Runthelinear calculation again.

Decription
Clx [MMNAm ™3]
Cly [MM/m ™3]

Stiffiess [MM/m ™3]
Cd [MMAm]

C2y [MN./m] 1,4815e+00

4. Checkthe pad foundation in a standard way.
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What if the model is correct but the iteration is not finished

Sometimes the model is correct but some circumstances may cause unfinished iterative process. The results in cycles don't
lead to one set of C parameters but on the contrary, the results are more and more different.

This can be caused by some tensions in the foundation plate, specific foundation members and similar problems.

How to solve those problems:

1. Itisnecessary to check the model. It must be correct - the mesh elements are not triangular, the element’s Z axis is
upward, the foundation plate must be under the soil surface and so on.

2. Checkthe iteration cyclesin results— contact stresses, type of loads - soilin iteration.
First few iteration cycles will be probably quite OK and after some time the results become messy.
Find one cycle (between those correct ones) where the results seem to be close to the reality —e.g. 5tcycle. Use this
value in the solver setup for number of iteration cycles.

Properties __J}_i_lfj

[Cuntact stresses (1) v] VBl @/
R
|Name | Contactspanningen
Selection All hd
Ilmuﬂmsls Soiin lterstion x
Sailin teration fteration 5 vﬂ
Filter Mo ad
Location Im centres hd
Sysinfo
Standard E
Section O Soil
Edge O Sad carmhinatian anj]
3 E dit wod wparnatien slap 10
".-"E||LIES Slgmaz “TJ HDS O B0W RS0 SamErE I 2l

3. Startthe linear calculation again, it will be finished after the 51" iteration cycle with results most closest to the reality.
The correct cycle is between 2" and 5t cycle in the most cases.

What if the load is wrongly inserted?
When the plate is notin compression, then soilin cannot be calculated properly.

There could be a message about wrong total resultant:

FE-Calculation 64 - Warning @

r h Total resultant of all overloads is too small (586 )

This may happen when loads are from the bottom to the top, or when there is some change in local LCS of the plate.

-140-



Soil-In

What if the symmetrical structure gives non-symmetrical results?
This may happen when additional subsoil elements are not added around the structure.

Also when the soilin didn't find the correct result and calculation is stopped too soon. (For example when solver setup
defines only few soilin cycles.)
What if geological fault in the subsoil is needed?

The main subsoil surface is created automatically when a structure and a borehole is inserted to the project. The size of the
subsoil outline is calculated from the structure size, positions of boreholes and some offset around.

The geological fault is created when the second areais inserted to the main one.

1. Create structure and insert boreholes.

2. The main subsoil surface is created.

-141-



Chapter 8

3. GotoLibraries/Subsoil, Foundation/ Geological areas, create a new area by its coordinates.

ﬁ Subsoil, foundation
------ Ll Subsoils
i B Geologic profiles

== Geologic areas
L8 Pad foundations

P
E Geo'ﬂwar_ —

eI — B~ R T

| Mew " Ingert || Edit " Delete |

4. Run standard Soilin calculation.
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. Checkresults where geological fault is visible as a border between two gradients.

How to use additional plates

Soilin is a tool which calculates C parameters of the subsoil under the surface support. Using the additional plates around
the support provides more realistic results.

About C parameters:

C parameters are parameters of interaction, so their value depends on the structure, load, stiffness and subsoil. Change
in any of those parts causes different C parameters.

The whole plate is supported vertically by the soil stiffness— parameter C (winkler) and also in the shear direction - para-
meter C, (pasternak).

The plate edges are more supported by the C, parameters because it is affected by neglecting.

The area around the support is affected by the shear stiffness of the soil and the degrease basin is created.

- .

The degrease basin can be substituted by spring supports around the plate — this is done automatically in SCIA Engineer
when user don't add plates around.

When user uses the plates around the support, the springs are not added and the C parameters are calculated for the
whole area.
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->The next text describes how to create plates around the support - additional plates.

Settings for soilin calculation

1. The functionality Subsoil and Soil iteration must be checked.

I

Project data

Basic data | Functionality | Loads | Caombinations I F'rDteu:tiu:unl

Froperty modifiers

Dynamics O = Subsaoil
Initial stress O m inkeraction & I
S ubsoi =] Soil lnads ]
Manlineariky [ = Steel
Stability O Connection modeller O
Clirnatic: loads O Frarne rigid connections O
Prestrezzing O Frame pinned connections O
Pipelines O Grid pinned connections O
Structural model O Baolted diagonal connections O
Pararneters O Expert system O
Mobile loads O Connection monodrawings O
Avtomated G drawings O Scaffolding O
Ewternal application checks 0O LTE 2nd Order O
O

2. One combination must be linear - this combination is used for soilin calculation.
| Cambinatians F)'(-
3a ¢ | ) | §| Input combinations - ‘
[l rinhiog
I Type Linear - ultimate I =
LS 73207 None =i
Bl Contents of co...
251 -Wlastni hmot... 100
752 - Ostatni stalé [-] | 1.00
3. Thislinear combination must be selected in Solver setup to run soilin with it.
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5| Solver setup @

M arne
E Solver
Run one nonlinear cambination O
Meglect shear force deformation [ Ay, bz > A ] O
Bending theary of platedshell analpsis Mirdlir hd
Type of golver Diirect ]
Mumber of thicknesses of rib plate 20
Mumber of zections on average member 10
M arimal acceptable tranzlation [rom] 1000.0
M axirnal acceptable ratation [mrad] 100.0
Print tirme in Calculation Pratacal E
Coefficient for reinforcement 1
B Soil
IS:::iI combination zoilin _:I
Max 2ol interachon step ]
Size aof zoil surface element [m] 0.500
Cls [N ™3] 1,0000e-01
Clyp [N "3 1,0000e-01
Clz [N ™3 1,0000e+01
C2x [MM /) 5,0000e+00
C2y [MM ) 5,0000e+00
4. The project must contain borehole with geologic profile.
i —_::r:::;mme 1 DAY RS u:’x
&
MName BH2
Coard X [m] 0,000
Coord* [m] 14,000
Coord Z [m] 0,000
| eoloical profie ER I Eﬂl
7| Geologic prafiles
_aEIEég!c\ Qo & SHla
[Eo—
“Water level [m] 1,000
Nor-compressible su.. O
= Layers
1
2
3
ki _Thlclmess = 200[m], Edef = 12.00[MH/m"2], We:
i i i i i i Thickness = 300[m], Edef = 15 00[MH/m"2], We: CD
“““ Thickness = 3.00[za], Edef = 25 00[MN/n"2Z], We:
e
Hew Deete i
.
T
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5. The project must contain surface support type soilin.

How to calculate the plate without soilin
1. Openthe project “soilin_start.esa”.

2. Thereisone plate with the surface support type Individual. This type of the support has a constant parameters C4 and
Co.
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3. Runthelinear calculation with the default settings.

i Calculation
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FE analysis

Single analysis | Batch analpsis |

i@ Linear calculation |

(71 Manlinear calculation
kodal analysiz
Linear stability
Concrete - Code Dependent Deflections [COD
Conztruction stage analysiz
Monlinear stage analyziz
M anlinear stability

(71 Test of input data

|Num|:uer af lnad cazes &

Solver setup ] ’

tezh zetup

x| |

Cancel

4. Gotothe service Results. Display the results for internal forces. There are no results for C parameters.

5.

Internalforces - for example vy:
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LW [kNim] * iRioperics i
129 {2D member - Intemal forces (1) v] e v; ."?
1.00 & =
0.80 Name 2D member - Intemal for...
080 Selection Al hd
4 Type of loads Combinations hd
o Combinations o o
0.20 Fitter No hd
0.00 System Local hd
020 Rotation [deg] 0.00
i Averaging of peak [m}
Location In nodes, avg. on macrLI
-0.60 Type forces Basic magnitudes LI
-0.80 Standard =
-1.00 Section
128 Edge g
Trajectories ]
Values vy i
Extreme Global hd
Drawing setup 20 ]
Ty
s
|
— !
e

How to calculate the plate with soilin.

1. Change the support type to soilin.
2. Runthelinear calculation again.

3. Gotothe service Results. Display the results for internal forces and soilin for combination CO1.
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4.

Results it}

— [FzT.' Deformed Skruckure

& Supports

----- #% Reactions

----- + Resultant of reactions

g Foundation table

----- + Modal space support resulkant
=== 2D Members

-E"E Displacernent of nodes

;ﬁ Mernber 20 - Internal Forces

_EI'E Member #0- Shresses
g:% Mermber 20- Contack stresses

----- &=/ Section on 0 member
~4] Integration strip
o | - :

:@3 Subsail - C parameters
{85 Subsni - Other data

~{_| Bill of material

E;ﬂ Calculation pratocal

Internalforces - vy:

5. Subsoil - C parameters - parameter C1z;
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vy [kN/m]
1569
12.00
10.00
2.00
&.00
400
2.00
-0.00
-2.00
-4.00
-5.00
-2.00
-10.00
-12.00
-14.00
-1782

« Propeties Bx

20 member - Intemal forces (1) V]m v/ 2
¢ =

Name 20 member - Intemal for...
Selection Al hd
Type of loads Combinations |
Combinations |CO1 hd
Filter No hd
System Local hd
Ratation [deg] 0.00
Averaging of peak [m]
Location In nodes. avg. on macr;l
Type forces Basic magnitudes ;I
Standard E
Section [m]
Edage [m)

— | Trajectories O
Values vy =
Extreme Global hd
Drawing setup 20 o]




Soil-In

Properties a x
Clz MN/m~3] © 228 -
215108001 | Subsai (1) Sk R
& &
2 il Name Subsaoil
1.8000e+001 Selactiar Al El
Fitter No |
1.6000e+0M1 Values Clz | =
Drawing setup 2D o
1.4000e+001
-
b
1.2000e+001
1.0000e+001
2.0000e+000
7.426%e+000

6. Subsoil- Other data (see the preview with the table for the settlement):

Preview

BEBES[]H0 » s - | 0 g |

Subsoil - Other data
S=ection Al
Combinatons : CO1
Element x Y w
[m] [m] fmim]
0,152 0,150 0.7
2 0,457 0,150 1.1
3 0,76 0,150 1.5
4 D85 0,150 1.6
B JAT0 0,150 1.4
3] 1,674 0,150 2.0
T 1,575 0,150 2:2
] 2,283 0,150 2.4
9 2 EBT 0,150 23
10 2,891 0,150 1.8
3,186 0,150 2.4
12 3,500 0,150 2.4
13 3,504 0,150 2.4
14 4,108 0,150 1.8
15 4,413 0,150 .4
16 4717 0,150 23
17 5,022 0,150 2.2
i8 5,326 0,150 1.5
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7. Subsoil - Other data - use the action button "Soil Stress Diagram" and select one green vertex:

Fiefresh
Soil Strezs Diagram R
Fresiew =n

+ ispeiics

[

- e

o

x

8. Anew dialogue appears - there is a stress diagram for the selected mesh element:
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I

Soil Structure Strength

Borehaole
-
Soil point: 198
Coordinates
X= 4109m
Y= 2,550m
[ Prewvious ] [ Mext ]

[ Send Picture to Document ]

Close

198 | X=4,109m | Y=2,350m

Limit depth =5421m

9. Close the dialogue.
10. Use ESC to finish the action.

The edges of the plate are supported by springs automatically.

How to create the additional plates around

1. Use the same project.

el

Set the thickness of the plate to Tmm.

Open the Structure service and start the command for inserting a new plate.

Create 4 plates around the surface support according to the picture. The width from the original plate is 3m.
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3000

U Y

5. Add the surface support type soilin on those plates.
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6. Runthelinear calculation with the same settings again.
7. Gotothe service Results. Display the results for soilin.

8. Subsoil- C parameters - parameter C1z

~ Propert a x
Cz [MN/m~3] 1eperties
1.00002+002 Subsail (1) -3k 7

& &

g Name Subsoil
8.0000e+002 Selection Al =i
7.00008+002 Fiter No =
8.0000e+002 Values Clz Jod
5.00008+002 Drawing setup 20 e

4.0000e+002
3.0000e+002
2.0000e+002
1.0000e+002

7.9935e+000

9. Subsoil- Other data (see the preview with the table for settlement):
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Subsoil - Cther data

S=ection : All
Combnstions : CO1
Element x ¥ W
[m] m] | jmm]

1 0,152 0,150 0.8
Z 0,457 0,150 0.8
3 0,761 0,150 1.1
4 1,065 0,150 13
5 1,370 0,150 T4
i} 1,674 0,150 1.8
T 1578 0,150 1.7
i 2,283 0,150 18
8 2 587 0,150 i8
10 2,891 0,150 13
11 3,196 0,150 L -]
1z 3,500 0,150 19
13 3,804 0,150 19
T4 4,109 0,150 19
15 4413 0,150 19
16 4717 0,150 i8
T 5,022 0,150 1.7
18 5,326 0,150 18

Subsoil - Other data - use the action button "Soil Stress Diagram" and select one green vertex:
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11. Stressdiagram for selected mesh element:

F= Engineer - soilin_start.sa : 1]

=@ = |

File Edit View Libraries Tools Modiy Tree Pluging Setup Window Help

0@ 0 o] B soiin startesa 2L |[SEDigiealFgises s QARAQANT B @

FEREARES:

L 0 0 ) S T T

LR B KD B JEE ¢ ) B ollEwler

Results nx

Deformed Structure
&2 supports

Reactons

Resultant of reactions

Foundation table

Nodal space support resuitant
- 2D Members

Displacement of nodes

Member 20 - Internal Forces

Member 20-Stresses Soil Structure Strength

Member 2D- Contact stresses
Section on 2D member
Integration strip
Averaging strip

Subsal - C parameters

Subsoi - Other data

il of mateial

Calaation protocol

Borehole

Solpoint: 412

Coordinates
X= 623m

v= s250m

Send Picture to Document

Limit depth = 4,893 m

|98 a2 o]
P—

New ] [Close Lt a2 a0 a0 8 oa ges e g | e

.

I

I 22 2

+ Properties

a
L Jews

- 8x

x

x

f ort selection - Select veriexss >

Snepmode | Fherch

re XY | Ready
= =

12.  Close the dialogue.
13.  Use ESC tofinish the action.
14. Theinteresting results are deformations.

15.  Seethe result "Displacement of nodes", value Uz on Deformed structure:

| Curent LUCS | 1

—
“’Sua(ngmeevr[smlm,stanasa‘1] - ——

o0 S

File Edit View Libraries Tools Modiy Tree Plugins Setup Window Help

DS H 9 Bl solinstrtes ~pi2LPEE SRLAivaAlj bbb e L QAARAQANE E G

I B B T S W 0 e e = e Tl Tl

PR RK

Results nx

¥ Deformed structure
& supports
4% Reactions
1 Resultant of reactions

00
)
01

& Foundaton table

"+ Nodal soace support resutant
(&7 20 Members

18} vember 20 - Internal Forces
{8 Member 20-Stresses
{8} Member 20- Contact stresses
b Sectionon 2 member
- Integration strip

L5 averagng swip

183 subsoi - C parameters

& subsol - Other data

s of material
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16. Theresultisin project "soilin_finished.esa".
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Seismic Analysis of Buildings

Introduction

As a general 3D structural analysis software, SCIA Engineer is able to provide a detailed analysis of most civil engineering
structures. However, the particular field of seismic design of buildings requires specific tools in order to improve the effi-
ciency of that process. The tools presented in this document are primarily intended for an effective modelization and analysis
buildings under seismic action.

The overall seismic behaviour of a building can very often be analyzed accurately by considering each floor as a mass linked
to neighbouring floors by walls and columns. Therefore the concept of storeys is widely used in this context. Several aspects
of datainput, as well as analysis model, result output and design functionality will be directly linked to the storeys of a building.

The IRS (Improved Reduced System) analysis will be used for the computation of eigenmodes of the structure. That tech-
nique allows reducing drastically the number of degrees of freedom of a large finite element mesh. The computation time is
reduced accordingly. Moreover, most of the local vibration modes, which are irrelevant for the overall seismic response of
the structure, will not appear in the results — unlike in standard FE analysis.

SCIA Engineer also supports seismic analysis of buildings using the simplified method of Equivalent Lateral Forces (ELF).
Although it is a purely static analysis of the structure, some input of data related to dynamic analysis is required, such as
masses and combinations of mass groups, which is used when generating the ELF loading of the structure.

Storey results give a synthetic view of results in each storey. Displacements, accelerations, internal forces and resultant
forces may be displayed per storey, either as bulk values for each storey, or as detailed results for each wall and column.
That feature may also be used for fast and comprehensive load descending output.

Most seismic design standards require that torsional effects due to accidental mass eccentricity are taken into account.
Based on storey data, the effects of accidental eccentricity may be included in the model according to various methods.

¢ This chapter gives specific information about the seismic analysis of buildings. Read also

the chapter dedicated to general seismic analysis in SCIA Engineer.

Important information and help about troubleshooting of dynamic and seismic analysis is
provided in Dynamic analysis troubleshooting.

Reduced Analysis Model

Introduction: the modified IRS method

The actual tendency in FE structural analysis is using full 3D modelization of the considered structure. SCIA Engineer obeys
that rule as structures are usually modelized in 3D using beam and shell elements, including buildings.

Once a detailed 3D modelization is ready for statical analysis of a structure, it is natural to use it also for dynamic analysis
and, more specifically, for seismic design. A typical issue of full 3D modelization is, that seismic design regards mostly the
overall behaviour of the structure whence the full mesh of the structure provides a lot of information about local behaviours.
More specifically for modal analysis, the full mesh lets appear local vibration modes, which are irrelevant for the overall seis-
mic response of the structure. It appears hence logical to use a different, reduced mesh for the dynamic analysis.

Well known matrix condensation techniques (Guyan Reduction, also known as static condensation [1]) allow obtaining very
efficiently a reduced system, but those methods are not well suited for dynamic analysis. An Improved Reduced System
(IRS) method has been developed [2] which takes into account not only the stiffness matrix of the system, but also the mass
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matrix during the condensation process. That method proved to give excellent results for dynamic analysis, with both modal
analysis and direct time integration methods.

The algorithm implemented in SCIA Engineer used the IRS method and consists of 3 steps:

1. The IRS method is used for condensing the mesh of the analysis model.

2. The modal analysis is performed using the reduced mesh, which has typically 1000 times less degrees of freedom than
the original full mesh. This makes the calculation of eigenvalues massively faster on large structures and also avoids
unwanted local modes. The latter is particularly interesting for seismic analysis.

3. Theresults of the reduced system are expanded to the original full mesh, allowing for output of detailed results in the
entire structure.

Full3D Condensed model Expand back
storey-based & to fullmesh for
input dynamicanalysis resultoutput

42°840 DoF 24 DoF

Although the reduced system (center picture) seems to look a lot like a classical 1-node-
per-storey model, with equivalent stiffness of the supporting members, it is in reality a much
more advanced. The main difference lies in the fact, that the mass matrix that is used is a
full matrix (non diagonal), which allow to take into account the real eccentricity of the
masses of each storey. Moreover, as the modal results are re-extrapolated to the original
3D mesh after the modal analysis, it provides a much higher level of detail.

IRS analysis vs diaphragms

Modelizing deck slabs as diaphragms in a building for seismic analysis is a common technique. It has several purposes:

elimination of irrelevant, local bending vibration modes in the slabs
elimination of unwanted frame effects from the structural behaviour (by removing the bending stiffness of slabs)

reduction of computation time

R

easy handling of mass eccentricities for each deck

ltems 1, 3 and 4 are addressed directly by the IRS analysis:

« localmodesin all structural elements are implicitly removed, due to the elimination of unwanted degrees of freedom. Of
course, adding more reduction nodes would allow for more detailed analysis of local modes, but it is particularly inter-
esting for seismic analysis to keep in the reduced model only the nodes that are strictly necessary to reproduce the typical
seismic behaviour of a building. Ultimately, it is up to the user to choose the reduction points in such a way that the wanted
eigenmodes are obtained.
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« the computation time is reduced, due to the drastic reduction of the number of degrees of freedom; actually, the reduction
is even more important than with diaphragms, as supporting members are also condensed. The reduction of com-
putation time affects only the computation of the eigenmodesiitself. The pre- and post-processing times remain practically
unchanged, which include overall data preparation, mesh generation and modal superposition of local results. These
operations are, obviously, still performed on the full mesh of the model and can be quite time consuming.

« the IRSanalysis uses a full mass matrix, which allows for exactimplementation of mass eccentricity in each node of the
reduced system

ltem 2 —removal of frame effects — is not addressed by the IRS analysis in itself, as it does not modify the mechanical beha-
viour of the structure. However, as unwanted local bending modes are implicitly removed from the reduced system, so-
called flexible diaphragms may be easily simulated by significantly reducing the bending stiffness of deck slabs. Not only does
that allow to obtains classical diaphragm behaviour by means of a very low bending stiffness, but also intermediate beha-
viour where the bending stiffness is less drastically reduced and frame effects are therefore reduced, but not completely
removed.

¢ Using diaphragms and IRS analysis together is actually possible in theory - although not
supported yetin SCIA Engineer.
¢ Using diaphragms and IRS analysis together is actually possible. Diaphragm constraints
may be used to eliminate completely frame effects due to the bending stiffness of the slabs,
and still benefit from the other advantages of the reduced system. Diaphragms are cur-
rently supported only for composite decks in SCIA Engineer.
Benchmarks

Example 1: simple platform

The structure is a simple platform, with 9 steel columns and a thin plate on the top. This academic example only intends to
ilustrate some aspects of the method.

The reduced model consists of 2 R-nodes, located at the top and at the bottom of the middle column.
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The table below shows the natural frequencies and eigenshapes for both full mesh and IRS analysis. The 11 first modes are
displayed for the full mesh analysis, along with the corresponding modes from the IRS analysis.

As expected, there are gaps in the IRS list, as the DoF of the reduced model cannot represent all the bending modes of the
plate. Those modes are anyway irrelevant for the seismic behaviour of the structure. Apart from the change of sign for most
eigenmodes, itis clear that the correspondence is excellent for both frequency and mode shape for eigenmodes that are sig-
nificant for seismic behaviour.

Full Mesh analysis IRS analysis Full Mesh analysis IRS analysis
Mode 1-1.15Hz Mode 1-1.17 Hz Mode 7-2.10 Hz
N/A
Mode 2-1.15Hz Mode 2-1.17 Hz Mode 8 -2.15 Hz
N/A
Mode 3-1.21 Hz N/A Mode 9-2.27 Hz N/A
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Full Mesh analysis

IRS analysis

Full Mesh analysis

IRS analysis

Mode 4 - 1.23 Hz

Mode 3-1.23 Hz

Mode 10-2.30 Hz

N/A

Mode 5142 Hz

Mode 4 - 142 Hz

Mode 11-2.32 Hz

Mode 5-2.32 Hz

Mode 6 —2.10 Hz

N/A

The next table shows the modal masses for both models. Significant modes for seismic behaviour are spread up to mode 11
for full mesh analysis. For IRS analysis, they are all grouped are the beginning of the list. Note that the first two modes are
pure bending modes and would definitely not occur in a building.

Another important point is, that the obtained total modal mass is higher with the IRS analysis. The 12 listed modes represent
all the eigenmodes of the reduced model, as it has 12 DoF. That is the reason why the IRS analysis obtains 100% of the
mass. For the full mesh analysis, it is normal that the obtained modal mass is lower, as there are many more modes that are

notlisted here.

Full Mesh analysis IRS analysis
Mode | Freq. [ Wxi/ Wyi/ Wazi/ Mode | Freq. Wxi/ | Wyi/ Wazi/
[Hz] | Wxtot | Wytot Wztot [Hz] Wxtot | Wytot Wztot
1 115 | 0 0.0001 | 0 1 117 0 0.0003 0
2 115 | 0 0 0 2 117 0 0 0
3 121 | 0 0 0 3 123 0 0 0.8934
4 123 [0 0 0.887 4 142 0 0.9987 0
5 142 | 0 09981 [ 0 5 232 0999 | 0 0
6 210 |0 0.0001 | 0 6 271 0 0 0
7 210 [ 0.0004 | 0 0 7 13072 [ 0 0.001 0
8 215 |0 0 0 8 20543 | 0.001 | 0 0
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Full Mesh analysis IRS analysis
9 227 |0 0 0 ¢ 24814 | 0 0 0
10 230 |0 0 0.0001 10 41353 | 0 0 0.1066
1 232 [ 09644 | O 0 1 71166 | 0 0 0
12 247 |0 0.0011 | 0 12 737123 | 0 0 0
0.9648 | 09994 | 0.8871 100 | 1.00 1.00

Example 2: 7-storey building

This example is a real, 7-storey building. No particular simplification has been done to create the model for the seismic ana-

lysis from the static modelization.

Building of the ACPC, Fribourg, Switzerland

Courtesy of GIBES Engineering Group, Lausanne, Switzerland

Full Mesh analysis IRS analysis
Degrees of freedom 152988 48
Requested modes 320 48
Total time: data generation, modal analysis, seismic analysis | 31'27" 517"
Obtained total modal mass (X /Y /Z) 90% /94% /78% 95% /96% /98%
Count of most significant modes to obtain 90% modal mass | 187/103/>320 14/1718
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Note: 320 is the number of eigenmodes that is required in this case to obtain 90% of cumu-
lated modal mass in both X and Y directions. For the vertical direction, over 400 modes
would be necessary (not calculated).

Full Mesh analysis IRS analysis

18t most significant mode in X direction | 3.12Hz(3) | 322% | 3.12Hz(3) 33.0%

2"d most significantmode in X direction | 7.38 Hz (18) | 84% 1456 Hz(30) | 11.5%
1 20.7% | 1.71Hz(1) 20.7%

2" most significantmode in Y direction | 2.44 Hz (2 13.2% 244Hz(2) 13.2%

(
(
18t most significant mode in Y direction [ 1.71 Hz(
(
(
(

)
)
18t most significant mode in Z direction | 5.16 Hz(7) | 9.6% 115,57 Hz (46) | 36.4%
2"d mostsignificantmode in Z direction | 5.14 Hz(6) | 7.0% 5.60 Hz (7) 19.1%

About the Z direction: eigenmode 46 @ 115 Hzis not represented in the full mesh analysis because the last computed mode
(320) reaches only 29 Hz. That particular mode is anyway irrelevant for the seismic analysis as it is completely out of the fre-
quency range of an earthquake. The modes nr 7 in both models, although their frequency slightly differs, show practically
the same deformed shape.

The final internal forces after modal superposition for the seismic analysis show very close results. In the main wall of the
structure (picture below), the peak values of the vertical membrane force ny are only 2% apart. The entire result distribution
is close to identical.

Full Mesh analysis IRS analysis

MYiax = 2362 KN/m MYiax = 2416 KN/m

Using the IRS model in SCIA Engineer

Unlike the classical modal analysis, which typically uses a lumped mass matrix (only diagonal terms are non-zero), the
reduced system uses a full mass matrix , with non-zero values out of the diagonal. This means that mass eccentricities can
be taken into account easily by the reduced system. The very small size of the reduced system allows using the full mass mat-
FiX.

Therefore the reduction points — or so-called R-nodes - that will constitute the reduced model do not need to be located in a
particular position, such as the mass center of each storey. As the structure may have to be calculated several times with vari-
ous distributions of the masses, the mass center of each storey is likely to be slightly different depending on the selected
mass combination. Thanks to the use of a full mass matrix, the same R-nodes may be used in all cases.
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Another benefit of the IRS analysis is, that the exact position of the mass center of each
storey does not need to be know beforehand. It is automatically calculated during the con-
densation process and can be obtained as a result of the analysis.

During the analysis, the reduced model is computed automatically from the full mesh. Each node of the fullmesh is mapped
to the closest R-node of the reduced model.

Itis up to the user to define how many R-nodes will be used for the analysis and, therefore, how many degrees of freedom
the reduced model will have. For seismic analysis of buildings, the typical reduced model consists of 1 R-node per storey, i.e.
per deck slab.

Enabling the reduced model

First of all, the reduced model analysis must be enabled in the project. For this, tick the option “use reduced model” in the
solver settings.

Setup Window Help

Options E
Geometry/Graphics
Dkt 5| Solver setup
Colours/Lines Name
Fonts Solver
Beam types [structural] Coefficient for reinforcement 1
Dimension lines = Dynamics
- Units Number of frequencies 24
= |Use reduced model ¥4
Scale
Cross-sections
[. Mesh

[0 '

. Concrete solver

Definition of the R-nodes
In SCIA Engineer 2013, the reduced model is defined directly from the storey data.

Storeys must be defined in the modelization. The program will create the reduced analysis model by creating one R-node
per storey. This means that the reduced analysis model will be valid for buildings that have one deck slab per storey. Each
deck slab may be made of several 2D members.

The program will place a R-node at each storey, in the middle of the bounding box of the structure:
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bounding box

R-nodes

Note: thisis a principle drawing. R-nodes are not displayed in SCIA Engineer.

Further development s planned, allowing more advanced layout of R-nodes, i.e. more than one per storey. The current ver-
sion of SCIA Engineer allows for one R-node per storey.

Optionally, R-nodes may be placed at any level in each storey. The storey property “level of reduction point” allows to select
the exact height of the reduction point for each storey separately. 0 corresponds to the bottom of the storey, 1 to the top of
the storey.
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Properties

Storey (4) AR
&

Description

Allocation type Allinside

Include members on top M no

Include members on bottom M yes
Curmrert used activity W yes
Lewvel of reduction point 0.000

il . _

o

With the default settings (see above), the deck slab of each storey is located at the bottom of the storey, and so is the cor-
responding R-node. It is recommended to use those default settings.

As described before, R-nodes are placed in each storey, at the specified level, in the middle of the structure (allR-nodes are
located on the same vertical axis).
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During the analysis, the reduced model is automatically generated from the full mesh of the structure. Each node of the full
mesh is mapped to the closest R-node. In a typical building configuration, this means that each R-node will receive the stiff-
ness, loads and masses from the corresponding deck slab, from the top half of the supporting members below the slab and
from the bottom half of the supporting members above the slab.
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+13500 = _

9000 = |

#4500 = |

+0000 = |

The concept of storeys in SCIA Engineer implies, that each structural member is allocated
to at least one storey. That information is relevant for detailed storey results. However, it
does not affect the reduced system. The nodes of the full mesh are mapped to the R-
nodes of the reduced system purely based on their location (coordinates).

Running the analysis & Results output
Once the data has been prepared, the analysisis run exactly in the same way as for a standard analysis.

In SCIA Engineer, the IRS analysis will be used only for the calculation of the eigenmodes of the structure. On the basis of
those eigenmodes, the actual calculation of seismic load cases will be performed on the original, full mesh.

The use of the IRS analysis appears in the calculation protocol:

| Calculation protocol
Solution of Free Vibration

Number of 2D elements 28781
Number of 1D elements 778
Mumber of mesh nodes 25498
Number of eguations 152988

Combination of mass groups MC 1 excO

Number of frequencies 48

Method Lanzos

Bending theory \indlip

Type of analysis model

Start of calculation U420 iy

End of calculation 12.04.2013 1707
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There are fundamentally two types of results available after an IRS analysis:

« Theresults of the reduced model are automatically expanded to the original mesh and are accessible through standard
output. Thiswill not be detailed here.

o Some dedicated results, coming directly from the reduced model, are available in the result service Summary Storey Res-

ults. This typically gives information about the masses, displacements and accelerations at the mass center each storeyin
the reduced model.

See information about typical solver error when using IRS with a model that is not properly configured: non-associated R-
node.

IRS: Too many eigen values requested / Non-associated R-node detected

Issue

When running IRS dynamic analysis, the calculation fails with the error message:
IRS modal reduction: Detect of nonassociated r-node
or

IRS modal reduction: More then computed eigen values are demand

Meaning

During the generation of the IRS analysis model, the solver detected one or more degree of freedom of some reduction
point (R-node) without any mass associated to it. It means that all the nodes of the original finite element mesh that are
linked to that R-node have a zero mass value for the component corresponding to that degree of freedom.

Solution

This can happen in several cases. The solution depends on the root cause.
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Bad definition of storeys
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The storeys are defined in such a way, that there is no available mesh node at the level of some storey.

Each node of the finite element mesh is assigned to the closest R-node, i.e. to the closest storey level. In both examples
shown above, the highlighted level has no mesh node assigned to it, because for any mesh node, there is another level that
is closer.

Solution: remove useless storeys

No moveable node is associated to a R-node

This typically happens at foundation level, where all nodes are fully blocked by a support. If the finite element mesh is not
refined, all the nodes that are associated to the bottom R-node are fully blocked and are removed from the analysis model,
leading again to a R_node without any associated mesh node,

+0.000

Solution: refine the mesh, if possible only on the members of the bottom storey.
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+3.600
B Mesh setup
Mame bechSetupl 194 20
|
HAwverage size of 2d element/curved element [m] .000
Advanced mesh settings 197 Qf
i
Dividing the columns in two parts, thus inserting just one mesh node at mid-height, might
not be sufficient, as the mid-node might be assigned either to the storey above or below i,
depending on numerical sensitivity. To be safe, use a subdivision of at least 3.
B Mesh setup B
MName MeshSetupl
Average number of tiles of 1d element
Average size of 2d element/curved element [m] 1.000 20
Advanced mesh settings
194
b
4 &
Having partially blocked supports could also lead to a similar situation. For instance, if all
supports have a flexible vertical component, but all horizontal degrees of freedom blocked,
the horizontal mass components will remain non-associated. The solution is also the same.
+3.600 Tz_\\_

+0.000 ~=___ | 'EE’ I L [@-
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Insufficient rotational inertia of associated nodes on 2D members

In some cases, usually quite simple models, it is possible that some rotational component of the reduced mass matrixis zero.
This can happen, for instance, when all movable mesh nodes of the bottom level are on a single line (see green nodes in pic-
tures below).

H10800 =

+0.000 :2______\-_-_-—

F10.800 s
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Solution:most of the time, refining the mesh of 2D members at the bottom level will solve the issue, by including a 2nd row
of mesh nodes, thus ensuring a rotation inertia of the group of nodes.

HOB00 ==

Insufficient rotational inertia of associated nodes on 1D members

By default, SCIA Engineer ignores the rotational inertia of 1D members around their axis. The reason for that is, that that
mass component is most of the time useless in 3D systems, as the rotational inertia components of the system are mostly
due to the lever arm between the nodal masses of the structure. There are, however, structures where that torsional beha-
viour is a significant of the dynamic behaviour.
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FLES

FL2

Lo

FL!

In the simple example above, although the mesh of 1D members is sufficiently refined, the IRS analysis fails, because of the
total absence of rotational inertia of all column members.

Solution: enable the Rotation around local X axis of 1D members option in the solver setup.
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B Solver setup

MName

Mumber of eigenmodes
Use IRS (Improved Reduced System) method

Specify load cases for linear calculation
= Advanced solver settings
General
[ Effective width of plate ribs
= Dynamics

Type of eigen value solver

= Mass components in analysis
Translation along global X axis
Translation along glebal ¥ axis

Translation along global Z axis

Enable advanced modal superposition for seismic load cases

Rotation around local X axis of 1D members (torsion)

Numerical singularity and numerical divergence

SolverSetupl

Lanczos
24
7

o A

When some mass component is zero in the resolution for eigen values, the analysis normally fails because of a division by
zero during the process. Thisis typically what happens when the solver returns a message about a non-associated R-node.

In some cases, however, the solver attempts to provide a meaningful solution by replacing zero components with very small
values. In the case of dynamic modal analysis, this allows to obtain reliable results for load frequencies. On the other hand, it
usually generates very high frequency, irrelevant modes. Those can simply be ignored.

Relative modal masses

Mode mega [rad/: Period Freq. Wi/ Wieot Wyi/ Wyror Wazi/Wazior  |Nxi R /Wixtot_i [ Nyi g/ Wyrtot_1 |Nzi_r/Wztot_s
[s] [Hz]

1 17.4205 0.36 2.77 0 0.643055 0 0.350941 0 0
2 28.8274 0.22 4.59 0.64435 0 0 0 0.349772 0
3 107.713 0.06 17.14 0 0.198931 0 0.262555 0 0
4 175.38 0.04 27.91 0.201642 0 0 0 0.270038 0
5 297.452 0.02 47.34 0 0.0683869 0 0.142922 0 0
6 472.251 0.01 75.16 0.0699763 0 0 0 0.148818 0
7 591.285 0.01 94.11 0 0.0369122 0 0.0923715 0 0
8 911.993 0.01 145.15 0.0389357 0 0 0 0.0996571 0
9 951.588 0.01 151.45 0 0.024944 0 0.0680887 0 0
10 1127.56 0.01 179.46 0 0 0.850805 0 0 0
11 1395.39 0.00 222.08 0.0235828 0 0 0 0.0658947 0
12 1989.17 0.00 316.59 0 0.0275541 0 0.0824139 0 0
13 2516.51 0.00 400.51 0.0215125 0 0 0 0.065816 0
14 3412.31 0.00 543.09 0 0 0.0883127 0 0 0
15 6029.74 0.00 959.66 0 0 0.0531712 0 0 0
16 1e+10 0.00 |591549430.92 0 0 0 0 0 0
17 le+10 0.00 |591549430.92 0 0 0 0 0 0
18 1e+10 0.00 |591549430.92 0 0 0 0 0 0
0.999999 0.999783 0.992289 0.999293 0.999996 0

In such a case, preferably reduce the requested number of modes to avoid irrelevant

modes.

Storey Results

For a detailed description of storey results and their usage, see the following pages:

o Summary Storey Results

o Detailed Storey Results
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EETUN—
T s

Name FL7
Description

Z-Botiom [m] 10500
h_Aim] 3600
Fitered allocation of Enti..
Allocationtype Allinside -
Include members ontop I~ no

Include members onbott.. i yes
Currentused aciivity T yes
Levelof reduction point 0,000

Actions

Selectallocation

Allocate automatically

Engineering Group GIBES
ACPC Building, Fribourg, Switzerland

Summary storey results

The service “Summary Storey Results” provides results directly produced by the IRS analysis (see Reduced analysis model
). At this time, this service is dedicated to result output for the seismic analysis of buildings. It provides single results per
storey, such as mass, position of mass center, displacement, acceleration...

¢ Summary storey results are available only when the reduced modal analysis is enabled and

storey are defined.

Types of results:
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Storey data: mass & mass center of each storey
For mass combinations | Displacements of storey mass center per mode
Accelerations of storey mass center per mode
Displacements of storey mass center
For seismic load cases | Accelerations of storey mass center
Inter-storey drift at storey mass centers
/—f—“ Summary storey result
<”’4 g Storey Displacements:
O Eigen solution, Extreme: No, System: Principal
Selection: All
| Mass combinations : CM1/1 - 207
—
RIS 1 peucmeric | Sy Name | Ux Ty 172 Phix Phiy Phiz
sl b [mm] [mm] [mm] [mrad] | [mrad] [mrad]
< FL1 6.1e02 [61e02 |00e+00 |-20e03 |-2.0e03 |0.0e+00
ns O FL2 33e01 |[33e01 |77e02 |-80e03 [-80e03 |00e+00
FL3 |99%01 (9901 [11e01 [-11e02 |-11e02 |00e+00
—1 FL4 47e+00 [17e+00 [13e01 |-10e02 [1.0e02 |0.0e+00
]
L —]
~a.000 ”_'),_/———'"‘_E--P’_f_
<——"‘ g Summary storey result
2 O Storey Accelerations:
Eigen solution, Extreme: No, System: Principal
= Selection: All
Mass combinations : CM1/1 -207
Name Ax Ay Az Alpha X Alpha Y Alpha Z
[m/sec’2] m/sec? m/sec"?] nvad/sec”?] nrad/sec’? nvad/sec”?]
FL1 20.010 0.010 0.000 3.38e-01 3.38e-01 0.00e+00
5 FL2 0,056 0.0%6 0013 -1.35e+00 -1.35e+00 0.00e+00
- e FL3 |-0167 0.167 0.019 -1.86e+00 -1.86e+00 0.00e+00
RS S Fl4  |.0201 0291 002 -1.69e+00 -1.69e+00 0.00e+00

Picture: Summary storey results
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+13.500 =

Ax = 0586 mysect2
— =
Alpha X = 15.0 mradisec*2

FL2

9000 —=—— |

A w 1411 myfsech2
Alpha X = 117 mradfsecs2

FL2

A= 0327 myfoech2
..%1 .
Alpha X = 8.6 mead/sect2

A1 i

] a2z -
" AphaX - 33mred/sect

+0000 = |

Picture: Accelerations

Detailed Storey Results

The service “Detailed Storey Results” provides results from the full mesh analysis. At this time, it may be used for results

from any linear analysis, with or without dynamic analysis, with or without IRS analysis. It provides resullts in all supporting
members, with easy selection of members per storey. Walls and columns may be represented on the same drawing. Typical
provided results are: internal forces, resultants per wall or per storey...

Tip: before using detailed storey results, make sure that all supporting members of the
building are properly allocated to storeys. That information is essential for proper handling

of storey resullts.

Type of results

Internal forces in supporting members

Selection by storey
Extreme by member (also for walls !)

Walls & columns on the same drawing
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Simple choice of section level
Display of average & total value for walls
Available for static & seismic results

Also suitable e.g. for load descending

Resultant for each wall on the same drawing
Resultant forces in supporting members Clear display of more components

+all the key points mentioned previously

Resultant of all supporting members at once (walls + columns combined)
Resultant forces in supporting members per storey
+all the key points mentioned previously

Picture: Internal forces

Summary Storey Results

This service provides results directly produced by the IRS analysis (see Reduced analysis model ). At this time, this service is
dedicated to result output for the seismic analysis of buildings. It provides single results per storey, such as mass, position of
mass center, displacement, acceleration...

Pre-requisites for using Summary Storey Results:
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« storeys must be defined
« the reduced analysis model must be enabled in the solver settings

The service may be found in the Results service. It is available only after a successful dynamic analysis using the reduced
model.

----- FF Displacement of nodes
----- [Hr Deformed Structure
M- £ Supports
[#]-== Beams
-3 Dynamics
<= 20 Members
[Fl== Storeys

Summary results

e Detailed results

-+34 2D/1D upgrade
-{] Bill of material
E Calculation protocol

Output Settings
The output settings are presented here according to the various types of results that can be obtained from this service.
There are 4 types of results:

« Storey Data: information of the reduced analysis model, such as the mass and the position of the mass center of each
storey

« Displacements: displacements at the mass center of each storey

« Accelerations: accelerations at the mass center of each storey

« Inter-storey drift: relative displacements at the mass center of each storey, relative to the storeyimmediately below

Result type Storey Data
For mass combinations, it displays for each storey the total mass and the coordinates of the mass center.
For ELF seismicload cases, it displays summary information about computed storey forces.

Type of loads
selection of the type of load

Mass combinations
selection of the combination of mass groups or eigenmode for a given combination of mass groups.

Selection
type of selection; the possible choices are

o Allstoreys
o Named selection

« Single storey

-183-



Chapter 9

Properties 4

ESLIITIITIEIF)’ storey result {1} - “lj';} “Lr?
&

Mame Surmmany storey result

Type of loads Mass combinations -

Mass combinations CM141-148 -
secton L ;

Draw values [~

Draw units k-

Result type Storey Data -

Named selection
named selection that contains a set of storeys; only if Selection =Named selection

Storey
dropdown menu for selection of a single one; only if Selection = Single storey

Draw values
tick to draw values on the drawing

Draw units
tick to draw values with their units on the drawing

Result type
types of results; possible choices are
» Displacements
o Inter-storey drift
o Accelerations
« StoreyData
Values
main component to be displayed; only when an ELF seismic load case is selected
Fx, Fy, Fz: components of the seismic storey forces
Ftot : resultant seismic force per storey
M : mass of each storey

Additional values
allow to show more than one result component simultaneously on the drawing.
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+13.500=——

#9000 = |

+450) —=——

+0,000

Summary storey result

Storey Storey Data:
Eigen solution, Extreme: No, System: Principal
Selection: All
Mass combinations : CM1/1 - 148
MName M XG YG G
[f] [m] [m] [m]
FL1 17 4 157 7.704 1.250
FL2 148 |5663 |6.350 4.500
EL3 148 | 5.663 6.390 9.000
FL4 108 |5.769 16.240 13.343
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Summary storey result

Storey data:
Linear calculation, Extreme: No, System: Principal
Selection: All

Load cases : EQX1

Equivalent Lateral Forces (ELF) settings

ELF method

Polynomial distribution of accelerations (ASCE 7-10 12.8.3)

Seismic force from Selected eigenmode

Fundamental period [s] |1.28

Distribution factor k 1.39

Mode shape

1

Equivalent Lateral Forces (ELF) per storey

Name | M g Fx
[t] [m] [kN]
FL1 71 0993277 |02
FL2 165.9 |3.603689 |2643-
FL3 166.7 |7.204320 |70.4
Fl A 1ce & lanennnnn | 122 9
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Content of the output table for mass combinations
In the case of storey data output for a mass combination, the following columns are displayed in the preview and
table output, for each storey:

M: mass of each storey, taken as the max value of Mxx, Myy and Mzz

XG, YG, ZG: GCS-coordinates of the mass center of each storey

Mxx, Myy, Mzz: mass components of each storey, in X, Y, Z direction of the GCS

Ixx, lyy, Izz: mass inertia components of each storey, around X, Y, Z axes of the GCS

I, = f ((y — yg)2 + (z— Z(;)z) dM
Iy,= [ ((w —z¢)* + (2 — Zg)z) dM

L.=/ ((w —ze)’ + (y— ya)2) dM

In most cases, M = Mxx=Myy = Mzz. However, they may differ in the following cases:

« non-isotropic boundary conditions: rigid supports with different propertiesin X, Y and Z direction and the
supported structural entity has non-zero mass

Properties -
Support in node (1) [~ %8 VW &
& X

|Nanm |Sn3

Type Standard -

Angle [deg]

Constraint Custom -

X Rigid -

W Free - E}‘G‘-"
z Rigid - =
R Free -

Ry Free -

Rz Free -
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« use of mass direction components (see Dynamics section in the solver setup)

B Solver setup

Warning when maximal rotation is greater than [mrad] 100.0 ~
Coefficient for reinforcement 1

Print time in Calculation Protocol v

= Dynamics

Type of eigen value solver Lanczos x
Number of eigenmodes 3

Use IRS (Improved Reduced System) method v

Enable advanced modal superposition for seismic load cases v

= Mass components in analysis
Translation along global X axis v
Translaticn along global ¥ axis v

Translation along global £ axis v

Rotation around local X axis of 1D members (torsion)

L

2 =& | OK——|| Cancel

« use of directional mass coefficients in mass definition

Properties rox
Masz in node (1) [*] Eﬁ HEF ﬁ
& & -

[Name | MN1O

M [kg] 1000.0

Koeff mx 0.1

Koeff my 1

Koeff mz 0.1

[rrx [kgrn 2] 0.0

[y [kgm 2] 0.0

Imz [kgm*2] 0.0

Mode M15

Mass group MG1 i I

Result types Displacements & Accelerations

Displacements & Accelerations are available for eigenmodes and seismic load cases. The values of displacement & accel-
eration components are given at the mass center of each storey.

Results for mass combinations are raw, normalized results from modal analysis, without effect of response spectrum.
Results for seismic load cases are values after modal superposition.

Type of loads
selection of the type of load

o Masscombinations

o Loadcases

Mass combination
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list of available eigenmodes for each computed combination of mass groups; only if Type of loads = Mass com-
binations

Load cases
list of available seismic load cases; only if Type of loads = Load cases

Selection
type of selection; the possible choices are

« Allstoreys
o Named selection

o Single storey

Named selection
named selection that contains a set of storeys; only if Selection = Named selection

Storey
dropdown menu for selection of a single one; only if Selection = Single storey

Extreme
filter extreme results; possible choices are

« No

o Section (relevant only for seismicload cases)
o Member (relevant only for seismicload cases)
o Global

Draw values
tick to draw values on the drawing

Draw units
tick to draw values with their units on the drawing

Result type
types of results; possible choices are

« Displacements
o Inter-storey drift
« Accelerations

o StoreyData

Properties »
Summary storey result ['.I} [« %8 Y
&
MName Summary storey result
Type of loads Mass combinations -
Mass combinations CM1/1-1.48 -
Selection All storeys -
Extreme Mo -
Draw values [~
Draw units ¥
Displacements -
Values Ihe -
+ Additional values
+ Limit values
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Values

main component to be displayed;
for Result type = Displacements

U_X, u_y, u_z: displacement at mass center according to GCS axes

O_X, ¢_y, ¢_z: rotation at mass center around GCS axes

for Result type = Inter-storey drift
Aux, Auy, Auz : relative displacement at mass center according to GCS axes, relative to the storey immediately

below

Ag_x, Ag_y, Ap_z: relative rotation at mass center around GCS axes, relative to the storeyimmediately below

for Result type = Accelerations
Ax, Ay, Az: acceleration at mass center according to GCS axes
AlphaX, AlphaY, AlphaZ : rotational acceleration at mass center around GCS axes

Summary storey result

Storey Displacements:
Eigen solution, Extreme: No, System: Principal
Selection: All
Mass combinations : CM1/1 - 148
Name Ux Uy Uz Phix Phiy Phiz
[mim] [mim] [mm] [mrad] [mrad] [mrad]
ELY -5.9e02 1.6e02 -4 5e-04 9 2e04 [-19e03 19e03
B2 -4 Ge 01 1.1e01 4 3e02 -1 6e03 |-65e03 5.3e03
B3 -1.4e+00 3.9e01 6.3e02 1 1e02 |[-95el3 1.3e02
FL4 24e+00 | 6.2e01 7.1e02 1.2e02 |-62e03 1.9e02

Additional values
allow to show more than one result component simultaneously on the drawing.

When only the main component is selected (no additional value ticked), the selected component is drawn in the
corresponding direction.

7

i =T -24e+00y(

s ——

i T [L4e+00 min

’” i %
T -4Be-01 mm
+4.500 =——n |

|

+13500=——ou___

When one or more additional value is ticked, all selected components are listed in the plane of the screen for bet-
ter readability.
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Properties *
Summary storey result {1_} - “uf;} \Lf'
&
Exreme Mo ol oA
Craw values >
Draw units 3
Rlesult type Accelerations - [

N ;

- Additional values

By [~
Az = E
Alpha X |
Alpha Y A
Alpha Z r

I+ Limit values

— .

i Ax = 10.207 m/sec”2

+Ay-=D.054 m/sect2
Az = P.006 m/secA2

—

s =

0119 m/sec2 7

.031 m/sec2
= §.005 m/secr2

|
AN
Sl

— |
2 R — S|
Ax = {0.039 m/sech2
=iy = 0.010 m/secr2
Az = 0.004 m/sech2
am = |

Ax = 40.008 n/secr2
—— Ay = 0001 ysech2
i Az = §.000 m/sec’2

ae b |

Limit values
for each result component, definition of min and max value for colour coding on the drawing. Colours may be con-
figured in Settings > Colours/Lines.

Default colour coding is as follows:

Valueslower than V,,,;, are display in red

Values between Vy,;, and V5 are displayed in gray
Values greater than V,,,, are displayed in blue
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Properties *
jSl.lmmEur'_.r storey resuft (1) = LYY
& =
Draw values (¥ -
Draw units [~
Result type Arcelerations -
Yalues P -

[+ Additional values

Lo min [misec™2] 0.000
P max [misec™ 2] 0.000
Loy min [m/sec™2] 0.000
Py max [misec”™2] 0.000
Az min [m/sec”2] 0.000 L
Az max [m/sec™2] 0.000 1

Alpha X min [mrad/sec™?] 0.0e+00
Apha ¥ max [mrad/sec™2] 0.0=+00
Alpha Y min [mrad/sec™2]  0.0e+00
Alpha Y max [mrad/sec™2] 0.0e+00
Apha Z min [mrad/sec™2] 0.0=+00
Alpha Z max [mrad/sec™2] 0.0e+00 5

1

Detailed Storey Results

This service provides results from the full mesh analysis. It may be used for results from any linear analysis, with or without
dynamic analysis, with or without IRS analysis. It provides results in all supporting members, with easy selection of members
per storey. Walls and columns may be represented on the same drawing.

Typical provided results are: internal forces, resultant forces per wall or per storey...
Pre-requisites for using Summary Storey Results:

o storeys must be defined

o supporting members must be properly allocated to storeys

¢ Before using detailed storey results, make sure that all supporting members of the building

are properly allocated to storeys. That information is essential for proper handling of storey
results.

The service may be found in the Results service. Itis available only after a successful analysis, if storeys are defined.
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----- ¥ Displacement of nodes
----- EE’[;' Deformed Structure
- 2 Supports

H-== Beams

-0 Dynamics

f-¢=" 20 Members

[F]-== Storeys

- P Summary results

' Detailed resuits
ity 20/10 upgrade

-] Bill of material
E;[' Calculation protocol

E
£
£
£

Output Settings
Mainly 2 types of results are available in this service:

o Internalforcesin supportingmembers

 Resulting forces
For resulting forces, the Member grouping may be selected:

« per member: compute the resulting forces for each supporting member separately

« per storey: compute the resulting forces for each entire storey at once, combining 1D and 2D members
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Result type Internal forces

Properties x
Detailed storey result (1) [~ %
e
Mame Detailed storey result
Type of loads Combinations -
Combinations ULS =
Envelope Maximum i
Selection Single storey -
Storey FL2 x
Section level User defined -
User defined section le.. 0.4
Filter Mo b
Systermn Principal -
Extreme Member -
Diraw values v
Drraw units v
|R5ul‘t type Internal forces z
Values on beams M b

Additional values
Limit values
Values on slabs n_y &
Additional values
Limit values
Diagram Precise -
Draw diagram Section plane =
Display total value

Display average value

Actions
Refresh >>x
Table results R
Preview BEs

Type of loads
selection of the type of load

o Loadcases
o Combinations

o Class

Load cases
list of available load cases; only if Type of loads = Load cases

Combinations
list available load case combinations; only if Type of loads = Combinations
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Class
list of available result classes; only if Type of loads = Class

Envelope
Maximum / Minimum; select the maximum or minimum value of an envelope; only if Type of loads = Combinations
or Class

Selection
type of selection; the possible choices are

« Allstoreys
o Named selection

o Single storey

Named selection
named selection that contains a set of storeys; only if Selection = Named selection

Storey
dropdown menu for selection of a single storey; only if Selection = Single storey

Section level
level where the section must be made across the supporting membersin each storey; possible choices:

 Top (section at the top of each storey)
« Middle (section at mid-height of the each storey)
« Bottom (section at the bottom of each storey)

o Userdefined

-195-



Chapter 9

<l
N
i
z 9 < )
i W3 W
SR -
<&
53 @5’@ i
k =
\5\-&(0 ””"-3:,2’___2} %
o3
<&
\ e..\
.~
s L. | B
jj €Qﬁs gé :;;7
Tt a
\\iﬁh
E ~232 ¢
‘é\.{ 7 b %
.;O\l-
)

-196-

AN
/

-268 kN

443 kN m

-11;2 khb?h

-275kN



Seismic Analysis of Buildings

User defined section level
level of section in each storey; 0 = bottom of the storey, 1 =top of the storey

::I;:atreir:g of supporting members for the output; possible choices are
« No
« Wildcard
o Material
« Thickness/CSS
o Layer
Wildcard
wildcard for name filtering of members; only if Filter = Wildcard

Material
list of available materials for material filtering of members; only if Filter = Material

Thickness
value of thickness for thickness filtering of members; only if Filter = Thickness/CSS; 0 = all thickness values

CSS
list of available cross-sections for filtering of members; only if Filter = Thickness/CSS

Layer
list of available layers for filtering of members; only if Filter = Layer

System
selection of coordinate system for output of internal forces in 1D members; possible choices are

« principal (principal axes of the cross-section)
o LCS(LCSofthe 1D member)

for 2D members, the LCS is always used

Extreme
filter extreme results; possible choices are

« No

o Section
o Member
o Global

Draw values
tick to draw values on the drawing

Draw units
tick to draw values with their units on the drawing
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Result type
selection of result type; possible choices are

o internal forces

o resulting forces
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Values on beams
main component to be displayed on 1D members (columns); possible choices are

» N=axialforce

« Vy=shear force according to Y-axis of selected system

« Vz=shear force according to Z-axis of selected system

o Mx=torsional moment

« My=bending momentaround the Y-axis of selected system

o Mz=bending moment around the Z-axis of selected system
Additional values

allow to show more than one result component simultaneously on the drawing for 1D members; possible
choices: see Values on beams

When only the main component is selected (no additional value ticked), the selected component is drawn in the
corresponding direction.

When one or more additional value is ticked, all selected components are listed in the plane of the screen for bet-
ter readability.

<

=
N
5

Limit values
for each result component on 1D members, definition of min and max value for colour coding on the drawing. Col-
ours may be configured in Settings > Colours/Lines.

Default colour coding is as follows:

Valueslower than V,,;, are display in red

Values between Vy,;, and V5 are displayed in gray
Values greater than V,,,, are displayed in blue

Values on slabs
main component to be displayed on 2D members (walls); possible choices are

« nx=membrane axial force in X-direction of member LCS
« ny=membrane axial force in Y-direction of member LCS
« nxy=membrane shear force in member LCS

« mx=bending momentaround Y-axis of member LCS

 my=bending moment around X-axis of member LCS
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« mxy =torsional moment according to member LCS

« vx=shear force according to X-axis of member LCS

« vy=shear force according to Y-axis of member LCS

Detailed storey result

Linear calculation, Extreme: Global, System: Principal
Selection: FL2
Load cases : SW

Columns:
Name Storey x Y z N Vy Vz Mx My M:
[m] [m] [m] [kN] [kN] [kN] [kNm] [kNm] [kNm]
B38 FL2 12.000 0.000| 6.300| -123 0 0 0 0 0
B41 FL2 6.000 12.000 | 6.300 -147 0 0 0 0 0
B23 FL2 6.000 6.000 | 6.300 | -594 0 0 0 0 0
Walls:
Name Storey x Yy z 1% ny Ny my my My Vx Wy
[m] [m] [m] [kN/m] [kN/m] [kN/m] [kNm/m] [kNm/m] [kNm/m] [kN/m] [kN/m]
514 FL2 2.000 0.000 | 6.300 3 -115 -1 0 0 0 0 0
514 FL2 3.500 0.000 | 6.300 -1 -198 0 0 0 0 0 0
S5 FL2 12.000 12.000 | 6.300 0 23 0 0 0 0 0 0
514 FL2 1.000 0.000 | 6.300 2 -47 -5 0 0 0 0 0
S8 FL2 0.000 8.500 | 6.300 1 -147 7 0 0 0 0 0
S11 FL2 0.000 12.000 | 6.300 0 18 1 -1 -1 o 0 1
55 FL2 12.000 11.500 | 6.300 0 -4 -3 0 0 0 0 0
S8 FL2 0.000 8.000| 6.300 A -165 0 0 0 0 0 0
S8 FL2 0.000 12.000 | 6.300 0 18 -2 1 1 0 1 il
511 FL2 0.500 12.000 | 6.300 0 -16 il 0 -1 0 0 0
Additional values
allow to show more than one result component simultaneously on the drawing for 2D members; possible

choices: see Values on slabs

Limit values
for each result component on 2D members, definition of min and max value for colour coding on the drawing; see

detailed description above

Diagram
style of diagram for internal forces in 2D members; possible choices are

« Precise: raw computed results, without alteration

« Trapezoidal: trapezoidal regression of diagram, for each 2D member separately

« None: the diagramis hidden
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when ticked, the integral value of the displayed diagram is written, for each 2D member separately

Display average value
when ticked, the average value of the displayed diagram is written and the corresponding uniform diagram is
drawn, for each 2D member separately

321 by

57 N
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Result type Resulting forces — Member grouping per member

Properties

Detailed storey result (1)

RARY: WY
@’;.A

x

Mame

Type of loads

Envelope
Selection
Section level
Filter
System
Extreme
Draw values
Draw units

Result type

Combinations

|Mem ber grouping

Walues

# Additional values

Limit values

Detailed storey result

Combinations
ULs
Maximum

All storeys
Top

Mo

Principal
Member

W

W

Resulting forces
per member
Fz

Actions
Refrezh R
Table results o>
Preview )

Only settings that behave differently from previous paragraph are listed here. For information about settings that are not lis-
ted here, please refer to previous paragraph “Internal forces”.

Result type
selection of result type; possible choices are

« internalforces

« resulting forces

Member grouping
selection of location type for resulting forces; possible choices are

« per member. the resulting forces are computed for each supporting member separately

o per storey: the resulting forces are computed for each storey, considering all the supporting members at

once; 1D (columns) and 2D members (walls) are taken into account together

Resulting forces in 1D members (columns) are identical to internal forces in 1D members.

Resulting forces in 2D members (walls) compute the resultant at the center of each wall, according to a dedicated local
coordinate system, regardless of the System output setting. The coordinate system that is used is the same as the LCS of a
vertical rib placed in the middle of the wall. Itis also the same coordinate system that is used for integration strips.
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» Thelocal X-axisis vertical, upwards
o Thelocal Z-axisisidentical to the Z-LCS of the wall
o Y=Z"X

In this way, resulting forces in walls can be easily displayed together, consistently with internal forces in columns on a single
drawing.
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Result type Resulting forces — Member grouping per storey

Properties x

Detailed storey result (1)

BRI
& & &

Mame

Type of loads
Combinations
Envelope
Selection
Section level
Filter

System
Extreme

Draw values
Draw units

Result type

|Mem ber grouping

Location

Walues

Detailed storey result
Combinations

ULS

Maximum

All storeys

Middle

Mo

GCS

Mermnber

v

o

Resulting forces

per storey

In nodes, avg. on mac
Fz

Additional values

Limit values

Actions
Refresh b
Table results ]
Preview o

Only settings that behave differently from paragraph “Internal forces” are listed here. For information about settings that
are not listed here, please refer to paragraph “Internal forces”.

Result type
selection of result type; possible choices are

o internalforces
« resulting forces
Member grouping
selection of location type for resulting forces; possible choices are
« per member: the resulting forces are computed for each supporting member separately
« per storey: the resulting forces are computed for each storey, considering all the supporting members at

once; 1D (columns) and 2D members (walls) are taken into account together

Location
defines how values are obtained from the 2D finite elements, using various interpolation methods (for more
information, see Location)

System
selection of coordinate system for output of resulting forces by storey; possible choices are
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GCS
UcCS

ucs
selection of a UCS from the UCS library, to be used as reference system for output of resulting forces by storey

Values
main component of resulting force; possible choices are

Fx, Fy, Fz=resulting force according to X,Y,Z axis of selected coordinate system

Mx,My,Mz = resulting moment around X,Y,Z axis of selected coordinate system
Some examples

Output of total vertical forces in all storeys (load descending)

Properties X
Detailed storey result (1) m ﬁﬁj ﬁ?, {?
& @ &
MName | Detailed storey result
Type of loads Load cases =
Load cases Sw x
Selection All storeys x
Section level Middle R
Filter MNao -
System GCS -
Extreme Member =
Diraw values v
Draw units W A i 4 g T
Result type Resulting forces b u'o
Member grouping per storey z A3
Location In nodes, avg. on macre ~ Sg?
Values Fz % B S—| =
Additional values ” .
Limit values g =
Actions beatamay L
Refresh 2o !
Table results e "
Preview b s S| Lﬂ
Detailed storey result
Linear calculation, Extreme: Member, System: GCS
Selection: All
Load cases : SW
Resulting forces per storey
Name  Storey b Y z Fx Fy Fz My My M;
[m] [m] [m] [kN] [kN] [kN] [kNm] [kNm] [kNm]
FL1 5.118 | 7.278 2.250 0 1| -2938 2485 1368 4
FL2 5.118 | 7.278 6.750 0 0| -1904 1671 945 0
FL3 5.118 | 7.278| 11.250 0 0 -870 858 523 -1
FL4 0.000 | 0.000 0.000 0 0 0 0 0 0
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Internal forces in all supporting members of a storey

Properties x

Detailed storey result (1)

R RYA
e
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Mame Detailed storey result

Type of loads Load cases =

Load cases Sw -

Selection Single storey -

Storey FL1 5

Section level Middle x

Filter Mo -

System Principal -

Extreme Member s

Draw values v

Draw units v

|R5u[‘k type Internal forces Z s

Values on beams N z — v
Additional values \ﬂ\‘\u 20N
Limit values ;\ ,3%

Values on slabs ny - 3
Additional values o — S
* Limit values

Diagram Precise ha Besr

Draw diagram Section plane 5

Display total value

Display average value .
Actions "f

Refresh B H ww u e
Table results E3 b .

Preview R §
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Average forces in all supporting members of a storey

Properties x

[Z2RT: YA

Detailed storey result (1)

®??A
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Name Detailed storey result
Type of loads Load cases
Load cases SwW
Selection Single storey
Storey FL1
Section level Middle
Filter Mo
System Principal
Extreme Member
Draw values v
Draw units v
Result type Internal forces
Values on beams N 76 ki/m 220kN
¥ Additional values 515; - gz
F Limit values § § §\§
Values on slabs ny }
Additional values !
' Limit values
Diagram Precise M
Draw diagram Section plane
Display total value v
Display average value )
Actions o,
Refresh Bax ;-vX
Table results EE S -184kN
Preview Bax Gl
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Resulting forces in all supporting members of a storey

Properties x
Detailed storey result (1) H AT YA
F& =
Mame Detailed storey result
Type of loads Load cases =
Load cases SwW -
Selection Single storey 37
Storey FL1 -
Section level Middle x
Filter Mo -
System Principal -
Extreme Member -
Draw values v
Draw units v
Result type Resulting forces 5
Member greuping per member i
Values Fx -
El Additional values L’f;';m“m ;f;'g‘f'::
Fy
Fz Frte - o0t Fhre st
[
M_y
M.z v
Limit values i
Actions
Refresh B
Table results E3
—— o X Vr=ovsm

Detailed storey result

Linear calculation, Extreme: Member, System: Principal
Selection: FL1

Load cases:SW

ResultingForces:

Name Storey X ¥ z N Wy Vz Mx My Mz
[m] [m] [m] [kN] | [kN] | [kN] | [kNm] | [kNm] | [kNm]
&4 FL1 12.000 10.000 2250 |[-504 |-2 0 0.01 0.00 40843
ST FL1 0.000 10000 [2250 |-480 (O 0 0.29 3.4 38544
510 FL1 1.000 12.000 2250 [-153 |1 0 .02 -2.23 60.11
515 FL1 1.750 0.000 2250 |-500 (-1 0 0.02 0.00 32918
B22 FL1 6.000 6.000 2250 |[-897 |-2 0 0.01 -1.06 -2.39
B37 FL1 12000 |0.000 2250 |-184 |0 0 0.01 0.00 0.00
B40 FL1 6.000 12.000 2250 [-220 |0 0 0.01 0.00 0.00

Modal Superposition

Introduction - theoretical background

This section gives a brief overview of the seismic analysis features of SCIA Engineer. For more details, read also the chapter
dedicated to seismicloading.
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Modal superposition

The response spectrum method is one of the most widely used methods for the seismic analysis of structures. It has many
advantages on other methods:

« unlike equivalent lateral forces (ELF) method, it takes several vibration modes into account and allows analyzing struc-
ture without restriction on the geometry

« unlike explicit time history dynamic analysis, it takes into account a whole range of earthquakes, thus covering an envel-
ope of possible earthquakes for a given site; a time history analysis takes only one earthquake into account at a time (one
input accelerogram)

« the computation cost of the response spectrum method is much lower than for time history analysis, especially when non-
linearities need accounting for

The response spectrum method uses a modal superposition of the relevant eigenmodes of the structure. The method
allows to calculate the magnitude of each mode, but not their phase shift. The values of phase shift actually depend on the
real accelerogram that will be applied to the structure. As a response spectrum represents the envelope of a family of accel-
erograms, itis not possible to define unique values of phase shift for each mode: these variables are random.

Thisis where the concept of modal superposition comes in: various statistical techniques allow to determine envelope values
which cover the real behaviour with a reasonable probability of occurrence.

The most widely used techniques are the SRSS (Square Root of Sum of Squares) and CQC (Complete Quadratic Com-
bination).

Response spectrum — envelope values

4 YA N
WY (NN

Real behaviour

These methods have the advantage of providing very easily design values of all results (displacements, internal forces...)
without knowing the real phase shift values, but only part of the information is available:

« likely min and max values of any result can be determined
« theactual sign of a result cannot be defined

«» the concomitance of separate results cannot be defined
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The last point above is actually not entirely accurate, as probabilistic correlations can be established between results, but
those techniques are currently not commonly used in practice and are beyond the scope of this document.

The loss of concomitance and sign of results is an issue typically when computing resulting forces in shear walls: it is not pos-
sible to compute a resultant from internal forces after modal superposition, as typically all raw results are positive.
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Computing resultant forces in one of those shear walls would typically give near-zero moments and extremely over-
estimated axial forces.

Predominant mode & signed results
To obtain usable values of resulting forces, a possibility is the so-called “signed results” method.

It consists of applying some signature scheme to raw results of the modal superposition. A classical approach uses the sign
of the most significant eigenmode.
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Resultlng signed envelope

Applying this to shear walls, it is possible to “sign” the internal forces, making them suitable for computation of resulting
forces:
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Modal superposition of resultants

The method of signed results might be seen as a workaround to obtain usable resulting forces. This method will be referred
to as “calculation of resultants with modal pre-superposition”. It is convenient from a point of view of computation, because
modal superposition needs to be done only once on all local results and the resultant can be computed directly from a unique

setof results.

However, the rigorous method for computation of resultants in the context of the response spectrum method can be sum-
marized as follows:

« compute the localinternal forces for each eigenmode

« compute the resultant force for each eigenmode separately

« apply the modal superposition to the obtained modal resultant values

This method will be referred to as “calculation of resultants with modal post-superposition”.
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When proceeding so, no result signature is necessary to obtain correct values of resulting forces. Moreover there are cases
where the method described in the previous paragraph gives overestimated results of most result components and can
therefore only be seen as an approximation. The method described here is clearly more robust and accurate.

As shown in the example below, structures with predominant torsional behaviour are especially sensitive to that phe-
nomenon.

Important discrepancies can be seen on most resultant components when using the calculation of resulting forces from
superposed signed results (up to 4 times the reference result).

On the other hand, all values obtained by modal superposition of resulting forces computed in each mode separately are
very close to the reference model (max 6% difference).

Forces at the bottom of the core Fx | Fy | Fz | Mx My Mz

Resultant from results signed after superposition | 518 | 855 | 15 | 2509 | 2732 | 1691

Modal superposition after resultant calculation 249 | 198 | 26 | 1900 | 2394 | 1614
Reference model (1D member) 264 | 209 | 25 | 1911 [ 2429 | 1640

Modal superposition in SCIA Engineer
SCIAEngineer offers all methods described above. Allrelated settings are located in the properties of the seismic load case.

Signed results

The signature of results can be enabled using the setting “Predominant mode”. The eigenmode to be used as reference for
the signature can be selected automatically or manually.
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= Predominant mode
Predominant mode

Master load case

: 1
Mass combi 2
3
4
B
&
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]

Note that the automatic selection of the mode shape will select the mode which has the
highest modal mass, regardless of the actual direction of the earthquake. This is most of
the time correct for 2D models (2D frames) but often wrong for 3D models! For 3D
models, it is highly recommended to select the mode shape manually.

Modal superposition of resultants

Resultants can be calculated in two different ways: by pre-superposition or post-superposition (see above). The flowcharts
below summarize the process for both methods. Note that although the post-superposition method might look much simpler
than the pre-superposition method, actually all the part related to local results must be done anyway in order to provide local
results for seismicload cases. Itis not represented on the flowchart because it is irrelevant in this context.

Calculation of resultants with pre-superposition

Modal analysis
Local results for /é/ Local results for l
each eigenmode predominant mode
/ Local results for /
each eigfnmode

Unsigned Compute resultant
local results

Signature of results Resultant for
each eigenmode
Signed l

local results
| Modal superposition |

:
/ Resultant /

In the current version of SCIA Engineer, the following result services use the pre-superposition method and their accur-
acyistherefore affected by the selection of an appropriate predominant mode for results signature:

Calculation of resultants with post-superposition

« resultant of reactions

« integration strips

The following result services use the post-superposition method:

-214-



Seismic Analysis of Buildings

« resultant of forcesin a section on 2D members
« detailed storey results, resultant per member
« detailed storey results, resultant per storey

« seismicresultantin calculation protocol

Accidental Eccentricity

Introduction

Most of the seismic standards require that structures are checked for torsion due to mass eccentricity including an additional
eccentricity — so-called accidental eccentricity. This is required to cover inaccuracies between the real structure and the mod-
elization, as well as the fact that masses that are linked to service loads may vary during the life of the structure.

Two types of eccentricity must be distinguished for the analysis: the structural eccentricity and the accidental eccentricity.

The structural eccentricity is the offset between the center of mass and the center of stiffness of the structure. Itis part of the
structure. In a simplified seismic analysis via 2D models, where typically the X and Y directions are analyzed separately, the
impact of the structural eccentricity is taken into account by manually distributing the torsional effects on the structure. An
additional safety factor is usually applied to the structural eccentricity to cover inaccuracies due to that simplified method.

When using a 3D modelization of the structure, the structural eccentricity is automatically taken into account due to the fact
that the X and Y and linked and analyzed together, allowing torsional effects to appear directly in the analysis without having
to add them manually afterwards.

The accidental eccentricity accounts for inaccuracies in the distribution of masses in the structure. Design standards usually
take itinto account as an additional mass eccentricity that is defined as a fraction of the size of the structure.

Inthe Eurocode 8, the accidental eccentricity for a given floor is defined as 5% of the width of the floor perpendicularly to the
direction of the acting seismic action.

In simplified modelizations where the structural eccentricity appears explicitly, it is very simple to add the accidental eccent-
ricity in the calculation. In general 3D modelizations, the structural eccentricity does not appear as such and it is therefore
more complex to take its effects into account in such a case.

In SCIA Engineer, using the IRS condensed model allows introducing accidental eccentricity easily, since the condensed
model uses only one R-node per storey. The accidental eccentricity may be taken into account either as real mass eccent-
ricity or as additional torsional actions (simplified method according to the design codes).

However, the method using real mass eccentricity in the modal analysis has not been implemented yet in SCIA Engineer.

¢ For now, only the simplified method using additional torsional moment is available.

Definition of the accidental eccentricity

First of all, please note, that accidental eccentricity may be used only together with the reduced model analysis. See how to
enable itin Enabling the reduced model.

The accidental eccentricity settings are defined in the properties of the considered seismic load case, in the sub-group .”Ac-
cidental eccentricity’. Accidental eccentricity is disabled by default.
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Name T

Description seismic load case - unsigned
Action type Variable
LoadGroup EQ o
Load type Cynamic -
Speciication Seismicity -
= Parameters

Direction X
Direction Y
Direction £

Acceleration factor 1

Crwvertuming [m] 0.000000
-| Accidental eccentricity

Accidental eccentricity Dizabled -

Type of superpeosition
Unify eigenshapes
Mode filtering

Mass in analysis Participating mass only -
Predominant mode
Master load case None
Mass combi CM1 -

The method for the calculation of the accidental eccentricity can be selected in the combobox “Accidental eccentricity”:

Disabled

4

Linear distribution of accelerations
iDistriertil::n of accelerations from eigenshape
| Azcelerations from madal supempaosition

Depending on the selected method, various settings must be defined.

Eccentricity
value of the accidental eccentricity, defined as a fraction of the width of the considered storey in the direction per-
pendicular to the seismic action;

most seismic design standards specify a value of 0.05 for this ratio (EN1998-1 § 4.3.2(1)P and formula (4.3) ).

Mode shape
in case the distribution of accelerations is calculated according to a mode shape, the user must specify which
mode should be used for that purpose

These settings are explained more in detail below.

Value of the accidental eccentricity

Regardless of the selected method, the value of the accidental eccentricity must be specified. That value is defined as a frac-
tion of the width of the considered storey in the direction perpendicular to the seismic action (EN1998-1§4.3.2(1)P).
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The actual eccentricity is then calculated as follows:

€ai = €dri b

where ey, ;s the user defined value of the relative eccentricity, e.g. 0.05, and b; is the width of the considered storey. The
value e, jis computed separately for each storey.

Calculation of the effects of eccentricity
The accidental eccentricity is taken into account as follows:

« adynamicanalysis of the structure is performed without accidental eccentricity, using the response spectrum method

« the effects of accidental eccentricity are added by applying static torsional moments to the structure about the vertical axis
of each storey. This method is described in detail in the Eurocode 8 (EN1998-1§4.3.3.3.3)

The general principle for the calculation of torsional moments is as follows:

_ aj-mj
f@ — I%mse E:ko%”nk
M. ;= Fj-ea,;

where
Fj is the horizontal force acting on storey j

Fpase is the total horizontal force acting on the structure (aka base shear) in the considered earthquake direction
obtained from the response spectrum analysis of the structure

m; isthe mass of storey

qj is the distribution key of the accelerations; this depends on the selected method; at this time, 3 methods are
offered to define the distribution of accelerations (see below)
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N is the accidental eccentricity of storey j, as defined in the previous paragraph

M, i is the applied torsional moment about the Z-axis for the storey

About accidental eccentricity and ELF seismic analysis: when the ELF method is selected
for the seismic analysis, the storey forces are directly obtained from the ELF calculation. In
that case, the method for the distribution of accelerations for accidental eccentricity can
only be the same as the method selected for the ELF calculation.

Linear distribution of accelerations

= Accidental eccentricity
Accidental eccentricity Linear distibution of accelerstions -
Eccentricity 0.05

In this case, the distribution of acceleration is assumed to be linear, proportional to the height. The reference levelis the over-
turning level defined in the seismic load case properties.

d
LA
FLY
FL3
+ B0
FL?
- . zuverturn
FLL
2600

a; = ma,x(zj — Zoverturn 0)
where Z is the level of the mass center of storey j. 2, e 1,m 1S defined by the user in the properties of the seismic load case.

This method corresponds to the simplified approach defined in EN1998-1§ 4.3.3.2.3(3) and formula (4.11).
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Distribution of accelerations from eigenshape

= Accidental eccentricity

Accidental eccentricity Digtrbution of accelerations from eigenshape -
Eccentricity 0.05
Made shape 1 -

In this case, the distribution of accelerations is assumed to be proportional to the displacements of the structure in the rel-
evant mode shape. The user must specify the reference mode (fundamental mode).

When the mode shape selection is set as “automatic”, the program selects the mode that has the highest modal massin the
direction of the seismic action.
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where UG’J- is the modal displacement of the mass center of storey j in the direction of the seismic action, obtained from
modal analysis of the reduced model.

Thisis the preferred approach in Eurocode 8, defined in EN1998-1§4.3.3.2.3(2) and formula (4.10).
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Accelerations from modal superposition

= Accidental eccentricity
Accidental eccentricity Accelerations from modal superposition -
Eccentricity 0.05

In this case, no distribution key is used. The accelerations are obtained directly from the seismicload case after modal super-
position. The acting forces on storeys are obtained as follows:

Fj = agj - m;

where ag is the acceleration at the mass center of storey j in the direction of the seismic action obtained from the modal
superposition in the reduced model.

This approach is not described in the Eurocode 8. It is more conservative than the other approaches, as it uses an envelope
of accelerations instead of a distribution of the resultant base shear. However, it has the advantage of covering cases where
higher order modes cannot be neglected for accidental eccentricity.

Polynomial distribution of accelerations (ASCE 7-10 12.8.3)

= Accidental eccentricity
Method Polynomial distribution of accelerations (ASCE7-1012.83) -~

Eccentricity 0.05
This method is available only when using the ELF method for the seismic analysis (static method). Itis similar to the linear dis-

tribution method, but uses a different formula to calculate the vertical distribution of the horizontal acceleration. See the
chapter about the ELF method for more details.

Analysis & results of accidental eccentricity

Accidental eccentricity load cases

When enabling accidental eccentricity in a seismic load case, the program will automatically create an accidental eccentricity
"slave" load case.

= Accidental eccentricity

Accidental eccentricity Linear distriibution of accelerations -
Eccentricity 0.05
] Load cases @
A BRI v |G e=H A -] 7
SW |_Name | EQx_AE
EQX - seismic load case Description Accidental eccentricity for EQX
EQY - seismic load case | Action type Variable
EQX_AE - Accidental eccentricity for EQX "
EQX_AE
EQY_AE - Accidental eccentricity for EQY o eyl =
Load type Static
Specification Seismic accidental eccentricity
Duration Shaort
Master load case EQX - seismic load case
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Accidental eccentricity load cases are read-only and cannot be deleted. To remove an AE load case, disable accidental
eccentricity in the corresponding seismic load case.

Al properties of AE load cases are read-only, except their name and description which may be edited by the user. The
default values of the properties are:

Name
name of the source seismic load case with added suffix“_AE”

Description
“Accidental eccentricity for XXX” where XXX is the name of the master seismicload case

Action type
Variable

Load group
identical to Name; see next paragraph for details

Load type

static; the torsional effect is indeed computed as a set of static loads (moments) applied to the structure
Specification

Seismic accidental eccentricity

Duration

Short

Master load case
the master seismic load case; thanks to this, the accidental eccentricity will be applied in envelopes only when the
corresponding seismic action is also presentin the envelope

The content of an AE load case cannot be viewed nor edited. No loads can be added to it. The applied moments due to the
accidental eccentricity are automatically computed during the analysis.

The generated AE load cases may be inserted in seismic envelope combinationsin order to account for AE effects. Their res-
ults may also be viewed separately for validation.
Load groups

For each seismicload case with enabled accidental effect, the program will create automatically a read-only load group with
the following properties:

i "

5 Load groups @

Aie@i o |8 SH|N - |5
LG1 | Name | EQX_AE
Cath Relation BExclusive
EQ Load Seismic Accidental Eccentricity
EQX_AE
EQY_AE

Name

same as the corresponding AE load case

Relation

same as the relation of the load group of the source seismicload case

Load

Seismic accidental eccentricity
This load group is automatically assigned to the corresponding AE load case.
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Combinations

When using an AE load case in an envelope combination together with its source seismic load case, it will automatically be
combined with the seismic action, assigning + and — sign to it. The AE load case will not be taken into account without its

source seismic load case.
The AE load cases must be added manually to combinations.

Atypical use case:

Possible combinations
LC Description 1123|456
SW Selfweight (static) 111 1111 {111
EQX Seismic load case (dynamic) 1T 1111 (111 ]
EQX_AE [ Accidental eccentricity load case for EQX (static) 1 (1 11]4
[

Reminder: this table shows the principle of combination, but it is not applied strictly as such.
When using a seismic envelope combination in checks, the program also uses for
unsigned seismic load cases other cases where the sign of internal forces components
are switched independently to account for the non-concomitance of extremes after modal
superposition in the response spectrum method.

Reminder: when dealing with seismic load cases, for the reason above, use only “envel-
ope” or “code” combinations. Do not use “linear” combinations, nor explode envelope or
code combinations to linear.

Generated combinations
As mentioned previously, AE load cases must be added manually to load case combinations.
However, for convenience, the program generates automatically an envelope combination for each seismic load case, con-

taining the source seismicload case and its AE load case and named after the source seismic load case. This allows to check
easily the results for the full seismic action, including the effects of accidental eccentricity.

| Combinations @
3" _{ | k) [ |§ ||Ir‘||::Lrt combinations =
EQX - Seismic load case "EQX" ... | Name ECiX
EQY - Seismic load case "EQY" ... |Des{:‘ip‘tinn Seismic load case "EQX" with accidental eccertricity effects
Type Envelope - ultimate
Structure Building

=l Contents of co...
EQX - seismic load ... 1.00
EQ¥_AE - Accident... 1.00

Equivalent Lateral Forces (ELF)

Introduction

Seismic ELF analysis is the most well known method for the seismic analysis of structures. Although it is quite conservative,
its simplicity makes it a very popular method for seismic design.
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The ELF method is a static analysis method. However, using it in SCIA Engineer requires the input of some data related to
dynamic analysis: masses and at least one combination of mass groups must be defined, as the calculation of the seismic
equivalent lateral forces is based on the distribution of masses in the structure. The calculation of storey forces is based on
the definition of storeys as well as on the reduced system, which must therefore be defined in order to allow using the ELF
analysis.

Defining an ELF seismic load case

Pre-requisites - before creating an ELF seismicload case

« enable dynamics and seismic analysis in the project settings

« define masses and a combination of mass groups (same as for any dynamicload case)

o define storeys
« enable the reduced model

Then create an ELF seismicload case

» create anew load case
o select Action type = Variable
o select Load type = Dynamic

« select Specification = Seismicity

B Load case et
Mame ECE1 ~
Description
Action type Variable hd
LoadGroup EQ T
Load type Dynamic =
Specification Seismicity -

= Parameters

=l Direction X

Direction X v
Response spectrum X F51 -
Factor X 1
= Direction Y
Direction ¥

= Diraction 7

Then, in order to set the seismic load case to ELF, go to the settings group Equivalent lateral forces and select the desired
ELF method (disabled by default)

= Equivalent lateral forces

ELF method Disabled "

Linear distribution of accelerations

Polynomial distribution of accelerations (ASCE 7-10 12.8.3)
Distribution of accelerations from eigenshape

Athis point, most of the settings of a standard seismic load case will disappear from the dialogue, as many of them are rel-
evantonly for a dynamic response spectrum analysis. For an ELF load case, the following remain:

Direction X (resp. Y, Z)
Tickbox that enables the seismic action in the X (resp. Y, Z) direction

Response spectrum X (resp. Y, Z)
Selection of the seismic response spectrum for direction X (resp. Y, Z)

Factor X (resp. Y, Z)
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Multiplying factor for the seismic action in direction X (resp. Y, Z)
Acceleration factor
Multiplying factor for the entire seismic action

Overturning reference level
Reference level for the calculation of overturning moments. Also used as reference level when using a linear or
polynomial distribution of accelerations

Accidental eccentricity
Accidental eccentricity settings act the same as for dynamic seismic analysis

Mass combi
Mass combination selected for the calculation of the seismic action

Specific settings for an ELF seismic load case

Equivalent lateral forces

ELF method
Defines how the distribution of accelerations will be calculated in the building. The various methods are detailed in

the next section. The available choices are:
Disabled
ELF calculation of the seismic load case is disabled, i.e. the load case will use dynamic, multi-modal
response spectrum analysis
Linear distribution of accelerations
The acceleration is increasing linearly with the global Z coordinate, starting with zero at the over-
turning reference level (see above)
Polynomial distribution of accelerations (ASCE 7-10 12.8.3)
The acceleration is increasing according to a polynomial function, according to ASCE 7-10 standard,
starting with zero at the overturning reference level (see above)

Distribution of accelerations from eigenshape
The acceleration is distributed proportionally to the mode shape of an eigenmode selected by the user

Seismic force from
Defines how the total seismic force (base shear) is calculated. The available options depend on the selected
ELF method.

Max acceleration of spectrum
The maximum acceleration of the selected response spectrum s used

Input fundamental period
The acceleration corresponding to a user input value of fundamental period is used

Selected eigenmode
The acceleration corresponding to the period of the user selected eigenmode is used; please note,
that this implies a modal analysis of the structure
Approximate fundamental period (ASCE 7-10 12.8-7)
The acceleration corresponding to approximate fundamental period according ASCE 7-10 eq. 12.8-
7. This is available only when ELF method = Polynomial distribution of accelerations (ASCE 7-10
12.8.3)
Fundamental period
User input fundamental period to be used for the calculation of the seismic force when Seismic force from = Input
fundamental period

Mode shape
Eigenmode to be used for the distribution of the accelerations and/or the calculation of the seismic force

ASCE additional parameters

Structure type
Thisitem is for values of approximate period parameters, see ASCE 7-10 table 12.8-2

Steel moment frame
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Concrete moment frame
Steel eccentrically braced frames
Steel buckling-restrained braced frames
All other structural systems
Structural height from model
When this option is ticked, the structural height is obtained from the model as the maximal z-coordinate of top
storey in project minus the Overturning reference level (Reference level for the calculation of overturning
moments). When itis not ticked, the structural height must be defined manually.
h,, (structural height)
Structural height of building, used for the calculation of the approximate fundamental period according to ASCE
7-10eq. 12.8-7.
Cy
Coefficient for ASCE 7-10 eq. 12.8-7
X
Exponent for ASCE 7-10 eq. 12.8-7
T, [s]
Approximate fundamental period, see ASCE 7-10 section 12.8.2.1 and equation 12.8-7
Limit fundamental period
When this option is ticked, the fundamental period used for the calculation of the seismic force is limited by the
upper boundary value defined in ASCE 7-10 section 12.8.2 .

Cu
Coefficient for upper limit on calculated period, see ASCE 7-10 table 12.8-1

Maximum fundamental period [s]
Maximum fundamental period according to ASCE 7-10 section 12.8.2, defined as T, multiplied by C,,.

Calculation of the Equivalent Lateral Forces

Equivalent Lateral Forces are applied as one concentrated force at the mass center of each storey of the building.

First, the total seismic force (base shear) is calculated. It is then distributed to the storeys according to the selected method
(vertical distribution of accelerations). The same procedure is applied for each direction (X,Y,Z).

Calculation of the seismic force

The total seismic force F 5, is calculated as follows

where

Frase = Mot - Qe f * Cdir * Cacc

M;,¢is the total mass of the structure, obtained from the selected mass combination
arefisthe reference acceleration, obtained from the selected seismic response spectrum
cgiris the direction factor defined in the seismicload case settings

C4cc 1S the acceleration factor defined in the seismic load case settings

The value of a,¢is extracted from the response spectrum, according to the Seismic force from setting

Max acceleration of spectrum: the maximum value of acceleration defined in the selected spectrum

Input fundamental period: the value of acceleration corresponding to the period defined in the Fundamental
period setting

Selected eigenmode: the value of acceleration corresponding to the period of the eigenmode selected in the
Mode shape setting

Approximate fundamental period (ASCE 7-10 12.8-7) : the value of acceleration corresponding to the calculated
approximate fundamental period
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In the 2" and 3™ cases above, the used fundamental period may be reduced by the calculated upper limit, if
Limit fundamental period s ticked

Additionally, when a seismic response spectrum according to ASCE 7-10 is used (spectrum generator for IBC standard),
the reference acceleration a,¢ cannot be less than the specified minimum acceleration according to section 12.8.1.1:

Qref > Cs,min g
where

Csmin = max(0.044 - Spg - I, ; 0.01)
additionally, if S4=0.6 the following applies:

0.5-51
Cs,min > m

The parameters Spg, S, [, and Rare defined in the settings of the IBC response spectrum generator.

gis the acceleration of gravity, defined in the project settings.

Distribution of the seismic force to the storeys

The storey force for the j-th storey jis calculated as follows
i TN
F. = F —J 7
j base Ek o
where
Fj is the horizontal force acting on storey |
Fpase is the total horizontal force acting on the structure (see above)
mjisthe mass of storeyj
aj is the distribution key of the accelerations, according to the selected ELF method setting
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Linear distribution of accelerations

d
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-3.600
aj; = ma,x(zj — Zoverturn s O)
where

Z; is the level of the mass center of storey
Zovertum i the Overturning reference level, defined by the user in the properties of the seismicload case.
This method corresponds to the simplified approach defined in EN1998-1§4.3.3.2.3(3) and formula (4.11).

Polynomial distribution of accelerations
k
a; = (max(2j — Zoverturn; 0))
_ T-0.5
k=1<(1+52) <2
where

Z; is the level of the mass center of storey
Zovertum IS defined by the user in the properties of the seismicload case
Tisthe reference fundamental period, depending on the selected Seismic force from setting:
Max acceleration of spectrum: T is unknown, the conservative value k=2 is used
Input fundamental period: T is the period defined in the Fundamental period setting
Selected eigenmode: T is the period of the eigenmode selected in the Mode shape setting
This method corresponds to the approach defined in ASCE 7-10 section 12.8.3
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Distribution of accelerations from eigenshape
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aj = Ug,;
where

Ug, j is the modal displacement of the mass center of storey j in the direction of the seismic action, obtained from
modal analysis of the reduced model.

Thisis the preferred approach in Eurocode 8, defined in EN1998-1§4.3.3.2.3(2) and formula (4.10).

Application of the storey forces to the model

The calculated storey forces are applied to the structure using the reduced system. The transformation matrices of the
IRS method allow to "smear" the concentrated storey forces in such a way that the resultant of each storey force is applied
at the mass center of the corresponding storey. The loads are, however, applied in a distributed way to the entire storey,
hence avoiding any numerical singularity, as would be the case if point loads would be applied in a conventional way.
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Results

As an ELF load case is fundamentally a static load case, all standard result output can be used in SCIA Engineer, without
restriction. Also, because it is a static load case, none of the issues related to the loss of sign due to the modal superposition
apply here.

Additionally, the Summary Storey Results service allows to display the storey forces applied to the structure.

Mame Summary storey result —
Type of loads Load cases - — ﬁ
Load cases ECX1 = 4 ] T2
Selection All storeys - —74—___:::::4-7
Extreme Mo z =4 6 kN
Draw values 4574——________74_
Draw units ‘__;;;;—__ 7
Result type Storey data - 4 ] T4
Frot : *%‘:::::_:74—7
Additional values H— 67
Fx O 4_ ;.»4
Fy | R N N )
Fz ]
M U
~_ |
\\

/ VvV
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Summary storey result

Storey data:

Linear calculation, Extreme: No, System: Principal
Selection: All

Load cases : EQX1

Equivalent Lateral Forces (ELF) settings

ELF method Polynomial distribution of accelerations (ASCE 7-10 12.8.3)

Seismic force from Selected eigenmode

Fundamental period [s] |1.28
Distribution factor k 1.39
Mode shape 1

Equivalent Lateral Forces (ELF) per storey

Name | M g Fx
[t] [m] [kN]
FL1 71 0.993277 0.2
FL2 1659 |3.603689 26.7
FL3 166.7 |7.204320 70.4
FL4 165.5 |10.800000 |122.8
FL5 157.0 |14.354149 |173.2
Total 662.2 393.4
References
(1]
Guyan, R.J., Reduction of Stiffness and Mass Matrices, AIAA Journal, Vol. 3, No. 2, February, 1965
(2]

O’Callahan, j., A Procedure for an Improved Reduced System (IRS) Model, Proceedings of the 7th International
Modal Analysis Conference, Las Vegas, Nevada, February, 1989

(3]
EC-EN 1998-1, Eurocode 8 - Design of structures for earthquake resistance - Part 1: General rules, seismic
actions and rules for buildings

4

Kabelac, J., Rossier, S., Reduction for High-Rise Buildings Seismic Analysis, 20th International Conference
Engineering Mechanics, Svratka, Czech Republic, May, 2014

General Plastic Analysis

Ageneral plastic analysis can be carried outin SCIA Engineer for any 2D members (plates, walls, shells).

There are four types of general plasticity in Scia Engineer : Tresca, von Mises, Drucker-Prager and Mohr-Coulomb.
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Tresca and The von Mises yield conditions are is currently available, which is suitable for ductile materials in general, such as
metals (steel, aluminium...). Itis a symmetric behaviour, acting in the same way in tension and compression, with or without
hardening in the plastic branch. Drucker-Prager and Mohr-Coulomb yield conditions are suitable for materials with different
strength in tension and compression (concrete, soil). More types of plastic behaviours will be added in further versions.

The plastic behaviour of materials may be combined with other types of non-linearity in SCIA Engineer. For instance, plas-
ticity, press only supports and large displacement analysis can be used together. Tension only 1D members with a plastic
limit forces may be used to model the behaviour of bolts in a connection.

The typical first application of general plasticity is the detailed analysis of non-standard steel construction connections,
where simplified methods do not apply. It may however be applied to any structure that can be modelled using 2D members.

Plasticity is not supported yet for 1D members. Any beam or truss member that is present in the model will be considered as
elastic.
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Theoretical background

Tresca yield criterion

The Tresca yield criterion is taken to be the work of Henri Tresca. It is also known as the maximum shear stress theory
(MSST) and the Tresca-Guest (TG) criterion. In terms of the principal stresses the Tresca criterion is expressed as:

smax(|oy — 03, |02 — 03/, |05 — 01]) = Sy = 35,

2 — 2
Sy

On the first picture there is the Tresca—Guest yield surface in the three-dimensional space of principal stresses. Itis a prism
of six sides and having infinite length. This means that the material remains elastic when all three principal stresses are
roughly equivalent (a hydrostatic pressure), no matter how much it is compressed or stretched. However, when one of the
principal stresses becomes smaller (or larger) than the others the material is subject to shearing. In such situations, if the
shear stress reaches the yield limit then the material enters the plastic domain.

Where S 8Y isthe yield strength in shear, and =~ ¥ is the tensile yield strength.

On the second picture there is the Tresca-Guest yield surface in two-dimensional stress space, it is a cross section of the
prism along the plane.

o

source: Wikipedia http://en.wikipedia.org/wiki/Yield_surface#Tresca_yield_surface

Von Mises yield criterion

The von Mises yield criterion suggests that the yielding of materials begins when the second deviatoric stress invariant
Jyreachesa critical value. For this reason, itis sometimes called the J2-plasticity or J2 flow theory. Itis part of a plasticity
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General Plastic Analysis

theory that applies best to ductile materials, such as metals. Prior to yield, material response is assumed to be elastic.

In materials science and engineering the von Mises yield criterion can be also formulated in terms of the von Mises stress or
equivalent tensile stress, O E, a scalar stress value that can be computed from the Cauchy stress tensor. In this case, a

material is said to start yielding when its von Mises stress reaches a critical value known as the yield strength, Ty . The von
Mises stress is used to predict yielding of materials under any loading condition from results of simple uniaxial tensile tests.
The von Mises stress satisfies the property that two stress states with equal distortion energy have equal von Mises stress.

Because the von Mises yield criterion is independent of the first stress invariant, 14, it is applicable for the analysis of plastic
deformation for ductile materials such as metals, as the onset of yield for these materials does not depend on the hydrostatic
component of the stress tensor.

Although formulated by Maxwell in 1865, it is generally attributed to Richard Edler von Mises (1913). Tytus Maksymilian
Huber (1904), in a paper in Polish, anticipated to some extent this criterion. This criterion is also referred to as the Maxwell-
Huber—Hencky-von Mises theory.

01

Von Mises 6
Yield Surface e

Tresca
Yield Surface

g3

m-plane
(Deviatoric Plane)

o1+ 02+03=0

02

The formulation of the von Mises comparison stress in a general 3D stress-state is given by:

op = \/% ' [(011 —02)" + (022 — 033)° + (033 — 011)” + 6 - (03, + 02 +a§1)]

© source: Wikipedia http://en.wikipedia.org/wiki’Von_Mises_vield_criterion
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Drucker-Prager yield criterion

The Drucker-Prager yield criterion is similar to the von Mises yield criterion, with provisions for handling materials with dif-
fering tensile and compressive yield strengths. This criterion is most often used for concrete where both normal and shear
stresses can determine failure. The Drucker—Prager yield criterion may be expressed as

—03)*+(02—03)*+(03—071)?
(mT_l)(O'l—l-O'z-i—O'g)-l- m;—l \/(1 2)+(223)+(3 1) _Syc

where

Sye

m =
Set where S Y¢ and Syt are the uniaxial yield stresses in compression and tension respectively. The formula

Sye = Syt

On the first picture there is Drucker—Prager yield surface in the three-dimensional space of principal stresses. It is a regular
cone.

reduces to the von Mises equation if

On the second picture there is Drucker—Prager yield surface in two-dimensional space. The elliptical elastic domain is a
cross section of the cone on the plane of 01 ;02

oz 4 o3 g 4

ay 251 / o1

(fit of vertices in (uniaxial fit) (biaxial fit)
compression regime)

Mohr-Coulomb
Drucker-Prager

It can be chosen to intersect the Mohr-Coulomb yield surface in different number of vertices. One choice is to intersect the

Mohr—Coulomb yield surface at three vertices on either side ofthe 1 = 92 line, but usually selected by convention
to be those in the compression regime. Another choice is to intersect the Mohr—Coulomb yield surface at four vertices on
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both axes (uniaxial fit) or at two vertices on the diagonalal = 02 (biaxial fit). The Drucker-Prager yield criterion is also
commonly expressed in terms of the material cohesion and friction angle.

¢ source: Wikipedia  http://en.wikipedia.org/wiki/Yield_ surface#Drucker.E2.80.93Prager_

yield_surface

Mohr-Coulomb yield criterion

The Mohr-Coulomb yield is similar to the Tresca criterion, with additional provisions for materials with different tensile and
compressive yield strengths. This model is often used to model concrete, soil or granular materials. The Mohr—Coulomb
yield criterion may be expressed as:

™1 max(|oy — oa| + K(01 + 02), |01 — 03| + K(01 + 03), |03 — 03| + K (02 + 03)) = Sye

Where

Syc
m = — — m—1

S Ssy ;K m+1
and the parameters S Yc and S Yt are the yield (failure) stresses of the material in uniaxial compression and tension,
respectively. The formula reduces to the Tresca criterion if ~¥¢ = Pyt

On the first picture there is Mohr—Coulomb yield surface in the three-dimensional space of principal stresses. It is a conical
prism and determines the inclination angle of conical surface.

On the second picture there is Mohr-Coulomb yield surface in two-dimensional stress space. Itis a cross section of this con-
ical prism on the plane of 71,02
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source: Wikipedia  http://en.wikipedia.org/wiki/Yield_ surface#Mohr.E2.80.93Coulomb_
yield_surface

Finite element model

Drilling rotations at each node is used for in-plane loading. This means that element has six degrees of freedom at each
node and is therefore compatible with other types of elements (beam/solid elements). Within the element area the Gauss
2x2 quadrature points are used. Each of these Gauss quadrature points is realized by nine Gauss-Lobatto quadrature
points throughout the thickness, so the four-node element has 2x2x9=36 quadrature points in total. Due to these Gauss-
Lobatto points the element can handle bending loading with high accuracy. In all of these points the nonlinear model is com-
puted independently using the plane stress formulation. Linear transversal shear stiffness is assumed.

(a) (b) (©)
3 4 1
o @ :
4
z A .. s e
77 - 6
uyxf&"?y .
A7 T o :

About Gauss-Lobatto quadrature: https://en.wikipedia.org/?title=Gaussian_quadrature

Using general plasticity in SCIA Engineer

General plasticity is a specific type of non-linearity in SCIA Engineer. After defining the suitable data in the project a non-lin-
ear analysis must be carried out to calculate the plastic behaviour of the structure. Please refer to the general information
about non-linear analysis in SCIA Engineer.
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General Plastic Analysis

Project settings

General plasticity is a sub-functionality of non-linear analysis. In the project settings, in the Functionality tab, enable Non-fin-
earityand General plasticity.

(]

Climatic loads
Prestressing

Pipelines

Structural model

BIM properties
Parameters

Mabile loads
Automated GA drawings
LTA - load cases
External application checks
Property modifiers
Bridge design

Project data
Basic data | Functionality  Actions Protection
T Narmics
Scia Il |2
Enginesr Initial stress
Subsoil
MNonlinearity I I
Stability

»

m

= Nonlinearity
Initial deformations and curvat...

2nd order - geometrical nonlin...

Beamn local nonlinearity

Support nonlinearity/Soil spring

Friction support/Soil spring

Membrane elements

Press only 20 members

General plasticity

Sequential analysis

Dynamic Relaxation

= Steel

Plastic hinges

Fire resistance
Connection modeller
Frame rigid connections

Frame pinned connections

»

m

oK

| | Cancel

Nonlinear properties of materials

The non-linearity of materials is defined directly in the material library. See the property group Material behaviour for non-lin-
ear analysis. By default, all materials in the library are set as elastic. This means, that the selected material will behave elast-
ically during a non-linear analysis. The plastic properties of materials are generic, code independent in SCIA Engineer and
are therefore available for any material, regardless of the selected design code.
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o

2] Materials
AiasgRBBEL o G- A Y

25 T
5 Code independent

Material type Steel

Thermal expansion [m/mk] 0.00

Unit rnass [kg/m*3] 78500

E modulus [MPa] 21000e+05

Poisson coeff. 0.3

Independent G modulus 4

G modulus [MPa] 8.076%e+04

Leg. decrement (nen-uniform damping only) 015

Colour [ ]

Thermal expansion (for fire resistance) [m/mK] 0.00

Specific heat [J/gK] 6.0000e-01
Thermal conductivity [W/mK] 4.5000e+01
=l Material behaviour for nonlinear analysis
Material behavicur Elastic -
B EC3
Ultimate strength [MPa] 4530.0
Yield strength [MPa] 355.0

Thickness range

| Mew ” Ingert || Edit ] Delete Cloge

r
B Materials e g

AHeBEL 0= FSE A -7
C25/30 MName C25/30 -
| B 008 Selector switch o I
1= Code independent
1 Material type Concrete
| Thermal expansion [m/mK] 0,00
Unit mass [kg/m*3] 2500,0
Time dependency of unit mass None 2|
E modulus [MPa] 3,1500e+04
Poisson coeff. 02
i Independent G modulus n]
G modulus [MPa) 1,3125e+04
Log. decrement (non-uniform damping only) 02
Colour [
Specific heat [J/gK] 6,0000e-01 E
Temperature dependency of specific heat MNone | 5
Thermal conductivity [W/mK] 4,5000e+01
Temperature dependency of thermal conductivity None o | &k
Order in code 4
B ial b iour for i lysi:
Material behaviour Isotropic elasto-plastic, Mohr-Coulomb [~
Mote ‘
[—— Isotropic elasto-plastic, Tresca
Isotropic elasto-plastic, van Mises
Vield stress in uniaxial tension [MPa] Isotropic elasto-plastic, Drucker-Prager
Yield stress in uniaxial compression [MPa] Isotropic elasto-plastic, Mohr-Coulomb
= EN1992-1-1
Characteristic compressive cylinder strength fck(28) [MPa] 25,00 L&
Calculated depended values '3
Mean compressive strength fem(28) [MPa] 33,00
fem(28) - fck(28) [MPa] 8,00
Mean tensile strength fctm (28] [MPa] 260
fetk 0,05(28) [MPa] 1,80
fetk 0,95(28) [MPa] 340
Design compressive strength - persistent (fed = fck / gamma c_p) [MPa] 16,67
Design compressive strength - accidental {fcd = fck / gamma c_a) [MPa] 20,83
Strain at reaching maximum strength eps c2 [1e-4] 200 2
New | Insert | Edit I Delete | OK
S =
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Plasticity can be enabled by selecting a type of plastic behaviour. Currently, the only available type is isotropic elasto-plastic
von Mises. It corresponds to a bilinear stress-strain relationship, identical in tension and compression. The plastic branch
may have a slope (hardening modulus) or not.

The stress-strain relationship is automatically generated from 3 parameters: Young's modulus (elastic part), yield stress for
uniaxial tension and, optionally, hardening modulus (slope of the plasticbranch).

» stress

hardening modulus
with hardening

f-- ---------------------- IIIIIIIIIIIIIIIIIIIIIIIWithouthardening

E modulus

» strain

Only the tension part of the diagram is defined, asiit is related to a plastification condition in general 3D stress state in prin-
cipal stress directions. Some plastification models allow for a different yield stress in compression, which is defined sep-
arately. There is no limit (ultimate) strain value for the analysis. When the actual strain value in the structure exceeds the
defined diagram, the diagram is extrapolated, tangent to the last defined segment of the stress-strain relationship. The
reason for that is, that the analysis would then fail and it would be impossible for the user to find where the problem is located
in the structure. Itis therefore preferable, that the analysis continues and that the user checks the obtain strain values after
the analysis.

last defined segment
of plastic branch

» stress

gpuun® -sp guuun® "’

extrap'olated
branch

.......................... elastlc branch

» strain
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The following properties define the nonlinear behaviour of the material in the material library.

= Material behaviour for i lysi:

Material behaviour Isotropic elasto-plastic, Tresca -

1 Materials -e
AR L2HBL 2 @@ A -
2520 | Mame €25/730 -
B8 Selector switch r
|= Code independent
N Material type Concrete
| Thermal expansion [m/mK] 0,00
Unit mass [kg/m*3] 2500,0
Time dependency of unit mass None |
E modulus [MPa) 31500e+04
Poisson coeff. 02
L Independent G modulus r
G modulus [MPa] 1,3125e+04
Log. decrement (non-uniform damping enly) 02
Colour ]
Specific heat [1/gK] 5,0000e-01 g
I Temperature dependency of specific heat None LA
Thermal conductivity [W/mK] 4,5000e+01
Temperature dependency of thermal conductivity None ]
Order in code 4

Mote ductile materials (metal, steel, aluminium)
Input type Elasto-plastic =
‘Vield stress in uniaxial tension [MPa] 2.5
= EN1992-1-1
Characteristic compressive cylinder strength fek(28) [MPa] 2500
Caleulsted depended values [~
Mean compressive strength femn(28) [MPa] 33,00 =
fern(28) - fck(28) [MPa) 800
Mean tensile strength fctmi(28) [MPa] 260
fitk 0,05(28) [MPa] 180
feth 0,95(28) [MPa] 340
Design compressive strength - persistent (fcd = fck / gamma ¢_p) [MPa] 16,67
Design compressive strength - accidental (fed = fek / gamma c_a) [MPa] 2082
Strain at reaching maximum strength eps 2 [Le-4] 20,0
ate strain eps cu? [1e-4] 350 -
OK

L Ut
lehsul| E&lnme
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#| Materials

Colour

AiaemBL o S e@zd A Ll
5235 [Name 5235
5355 = Code independent
Material type Steel
Thermal expansion [m/mk] 0.00
Unit rmass [kg/m"3] 78500
E modulus [MPa] 21000e+05
Poisson coeff, 03
Independent G modulus «
G modulus [MPa] 8.076%e+04
Leg. decrement (non-uniform damping only) 015

Thermal expansion (for fire resistance) [m/mk] 0.00

Qrder in code

Specific heat [J/gK] 6.0000e-01
Thermal conductivity [W/mkK] 4.5000e+01
I= Material behaviour for nonlinear analysis
Material behaviour Isotropic elasto-plastic, von Mises &
Input type Elasto-plastic with hardening -
Yield strength [MPa] 235.0
Hardening medulus [MPa] 21000e+01
o
El EC3
Ultimate strength [MPa] 360.0
Yield strength [MPa] 235.0
Thickness range
| New || Insert ” Edit | Delete Close
5 Materials -e e
AbeagBk oo s =
C25/30 Mame €25/30 -
B3008 Selector switch o
= Code independent
! Material type Concrete
Thermal expansion [m/mK] 0,00
Unit mass [kg/m*3] 25000
Time dependency of unit mass Mone =
E modulus [MPa] 3,1500e+04
Poisson coeff. 0.2
| Independent G modulus C
G modulus [MPa] 1,3125e+04
Log. decrement (non-uniferm damping enly) 0,2
Celour |
Specific heat [J/gK] 6,0000¢-01 =
” Temperature dependency of specific heat None %
\ Thermal conductivity [W/mk] 4,5000e+01
Temperature dependency of thermal conductivity MNone L

Material behaviour for i lysi:

Note

Material behaviour Isotropic elasto-plastic, Drucker-Prager o

materials with different strength in tension and compression (concrete, soil)

New | et | Ek | Deete |

Input type Elasto-plastic >
‘Vield stress in wniaxial tension [MPa] 2.5
Yield stress in uniaxial compression [MPa) 25,0
= EN1992-1-1

Characteristic compressive cylinder strength fck(28) [MPa] 25,00

Calculated depended values =3

Mean compressive strength fom(28) [MPa] 33,00

fem(28) - Fek(28) [MPa] 8,00

Mean tensile strength fetm(28) [MPa] 260

fctk 0,05(28) [MPa) 1,80

fctk 0,95(28) [MPa] 340

Design compressive strength - persistent (fed = fck /[ gamma ¢_p) [MPa) 16,67

Design compressive strength - accidental (fcd = fck / gamma c_a) [MPa] 083

Strain at reaching strength eps c2 [1e-4] 200 = y

OK
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T8 Materials e -
AZreHBE 0 &l A - ¥
C25/30 Mame C25/30 L
|| B 3008 Selector switch =]
=l Code independent
Material type Concrete
Thermal expansion [m/mK] 0,00
Unit mass [kg/m*3] 25000
Time dependency of unit mass None L.
E modulus [MPa] 3,1500e+04
Poisson coeff, 0.2
L Independent G modulus [}
G medulus [MPa] 1,3125e+04
Log. decrement (non-uniform damping only) 0.2
Colour [
Specific heat [1/gk] 6,0000-01 =
[ Temperature dependency of specific heat None Ghimn
' Thermal conductivity [W/mK] 4,5000e+01
T of thermal ¢ None L
Order in code 4
i iour for i i
Note materials with different strength in tension and compression (concrete, soil)
Input type Elasto-plastic -
Yield stress in uniaxial tension [MPa] 2,5
Yield stress in uniaxial compression [MPa) 250
= EN1992-1-1
Characteristic compressive cylinder strength fck(28) [MPa] 25,00
Calculated depended values &~
Mean compressive strength fom(28) [MPa] 33.00
fem(28) - fek{28) [MPa]
Mean tensile strength fctm(28) (MPa) 2,60
fetk 0,05(28) [MPa] 1,80
fetk 0,95(28) [MPa] 3,40
Design compressive strength - persistent (fed = fck / gamma c_p) [MPa] 16,67
Design compressive strength - accidental (fed = fck / gamma c_a) [MPa] 0,33
train at reaching strength eps c2 [1e-4] 20,0 >
NeWIhse'l]EdI]Le:e:eI °|(|

E modulus

Material behaviour

Input type

Yield strength stress in uniaxial
tension [MPa]

Yield stress in uniaxial com-
pression [MPa]

Hardening modulus

Young's modulus of the material; it defines the slope of the elastic part of the
stress-strain relationship

selects the type of behaviour of the material in case of nonlinear analysis. The
available types are currently:

elastic

isotropic elasto-plastic, Tresca
isotropic elasto-plastic, von Mises
isotropic elasto-plastic, Drucker-Prager

isotropic elasto-plastic, Mohr-Coulomb

type of definition of the plastic branch of the stress-strain relationship. The avail-
able typesare:

« elasto-plastic; in the plastic domain, the stress remains constant when the
strainincreases

o elasto-plastic with hardening; in the plastic domain, the stress increases with
the strain

slope of the plastic branch of the stress-strain relationship
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Important: default values have been defined for the yield strength and the hardening mod-
ulus, as much as possible according to the corresponding design code of each material pro-
posed in the system libraries. However, those values should always be reviewed
before use.

Assigning plastic behaviour to a 2D member

To enable plastic behaviour on a 2D member, just assign to it a material whose plastic behaviour has been enabled. There is
no other specific setting.

%] 2D member @
Mame 53 =
Type wall (80) -
Analysis model Standard -
S Shape Flat =
)?Zf — ’jﬂ- | isterial 5235 =
: e %l T FEM model Isatropic -
e FEM nonlinear model none .
ez - =4 P -~ Thickness type constant -
NI r1 . Thickness [mm] 14
Mermber systermn-plane at Centre -
Eccentricity z [mm] 0
z LC5 type Standard -
Swap orientation Fl no
) LCS angle [deg] 0.00
3 J Layer Layerl i
O oaa s
Actions
Table edit geometry > |
0K Cancel |

Although various types of non-linearity may be combined in the same project, it is not possible to cumulate several types of
non-linearity on the same 2D member. The property FEM non-linear model, when combined with a plastic material, will
behave as follows:

« Plasticmaterialand 2D press-only behaviour: the press-only behaviour will be ignored and the 2D member will behave as
plastic

« Plastic material and membrane behaviour: the plastic behaviour will be ignored and the 2D member will behave asan
elasticmembrane

Additionally, a warning message will be displayed when starting the analysis, giving the same information about functionality
conflicts.

Using a non-linear material in the properties of the cross-section of a 1D member will not
affect the behaviour of that member. General plasticity is currently not supported for
1D members and the behaviour of the material will remain elastic for such member.
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Plastic hinges

Introduction to plastic hinges

If a normallinear calculation is performed and limit stress is achieved in any part of the structure, the dimension of critical ele-
ments must be increased. If however, plastic hinges are taken into account, the achievement of limit stress causes that
plastic hinges are inserted into appropriate joints and the calculation can continue with another iteration step. The stress is
redistributed to other parts of the structure and better utilisation of overall load bearing capacity of the structure is obtained.

On the other hand, there is a risk in this approach. If a hinge is added to the structure, its statical indeterminateness is
reduced. If other hinges are added, it may happen that the structure becomes a mechanism. This would lead to a collapse of
the structure and the calculation is stopped.

Plastic hinges can be thus used to calculate the plastic reliability margin of the structure. The applied load can be increased
little by little (e.g. by increasing the load case coefficients in load case combination) until the structure collapses. This
approach can be used to determine the maximum load multiple that the structure can sustain.

Plastic hinges are considered only at ends of individual 1D members. No selection of 1D members is made for the cal-
culation with plastic hinges. If this type of calculation is selected, all 1D membersin the structure are tested .

The calculation is similar to the calculation of beams with gaps. All 1D members in the structure are tested and if the limit
stressisreached, the plastic hinge isinserted. If however the stress lowersin the next iteration step, the plastic hinge may be
removed.

The Solver setup offers an item where a particular national code can be selected for correction of the limit moments. If
option No Code is selected , the modification of the limit momentsis performed as for option EC (Eurocode).

Approaches described in EC3, DIN 18800 and NEN codes are implemented in SCIA Engineer.

Plastic hinges to EC3

Axis Axial load V=<05V_ V>05V_

vy NSd=<0.25 NRd Mpl,y,Rd Mpl,y,Rd (1-r)

vy Nsd >0.25 NRd Mply,Rd1.11 (1-n) Mpl,y,Rd1.11 (1-n-r)

z NSd=<0.25 NRd Mpl,z,Rd Mpl,zRd(1-r)
Mpl,zRd1.56 . Mpl,zRd1.56 .

z NSd>0.25 NRd
.(1-n)(n+0.6) .(1-n-r)(0.6+n/(1-r))

where:

r (2VSd/VRd-1)2

a NSd /NRd

Nsd axial force

VSd shear force

Mply,Rd full plastic moment around yy axis

Mpl,z,Rd full plastic moment around zz axis
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Plastic hinges

VRd

plastic shear force

NRd

plastic axial force

Plastic hinges to DIN 18800

Axis Axial load V=<033V_ V>0.33V_
vy N=<0.10 Npld Mpl,yd Mpl,y,d (1.136-0.42r)
Mpl,y,d (1.25-1.113n -
vy N>0.10 Npl,d Mply,d 1.111 (1-n)
-0412571)
Axis Axial load V=<025V_ V>025V_
z N=<0.30 Npl.d Mpl,zd Mpl,zd (1-0.82r2) /0.95
Mpl.zd (1-0.95 n2 -
z N>0.30 Npld Mpl.zd (1-n2) /0.91
-0.75r2)/0.87
where:
r V/Vpld
a N/Npl.d
A axial force
\% shear force
Mply,d full plastic moment around yy axis
Mpl,zd full plastic moment around zz axis
Vpld plastic shear force
Npld plastic axial force

Plastic hinges to NEN

For IPE sections
Axis Condition
vy n/018+r<=1 Mpl,y,d
W a<=0.18 Mply.d
W a>0.18 Mplyd 1.22 (1-n)
W r<=0.3 Mpl,y,d
W r>0.3 Mplyd (1.1-0.3n)
z n <=0.36 Mpl,z,d
z n>0.36 Mpl,z,d (1-((n-0.36) /0.64)2)
z r<=0.3 Mpl,zd
z r>0.3 Mpl.zd (1.1-0.3n)

- 245.-



Chapter 10

For other sections

Axis Condition

W n/010+r<=1 Mpl,y,d

vy n<=0.10 Mply.d

vy n>0.10 Mply,d 1.11 (1-n)

Wy r<=03 Mpl.y.d

W r>0.3 Mplyd (1.1-0.3n)

z n<=0.20 Mpl,zd

z n>0.20 Mpl,zd (1-((n-0.20) /0.80)2)

z r<=0.3 Mpl,zd

z r>0.3 Mpl,zd (1.1-0.3 n)
where:

r V/Vpld

a N/Npl,d

A axial force

\ shear force

Mpl,y,d full plastic moment around yy axis

Mplzd full plastic moment around zz axis

Vpld plastic shear force

Npl.d plastic axial force

Calculating with plastic hinges

To perform the calculation with plastic hinges taken into account, it is necessary to:
« select Nonlinearity in Project Setup dialogue,

« selectrequired Plastic hinge code in Solver setup dialogue,

« define non-linear load case combination / combinations,

« have linear calculation of the structure successfully completed,

« startnonlinear calculation and obtain successful solution.
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AutoDesign - Global optimization

Introduction

In many cases, the design of a building involves a typical calculation with only some variation in certain predefined para-
meters, 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 script-
ing. 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 ana-
lysis 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 solu-
tion.

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

Itis 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-sec-
tion. Itis 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
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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.

Concrete

i ttamatic Feinforcement Mermber Design ([SMED)
Steel

. Crass-section AutaDeszign

Fire Resistance AutoD esigh
Corugated Web Autol esign

%teel Connections

. Bolted Diagonal AutoDesign
Timber

. Cross-section AutaDeszign
Aluminium

. Cross-section AutaDeszign
Geotechnics

.. Pad Foundation AutoD esign
Steel Hall

- Frame Height Optimization
- Flange Optimization
- Hall Deflection Optimization
- W'eh O ptimization
- Flange Thickness O ptirmization
- Simple Frame Optimization
- Frame Optimization

Cancel

SCIAEngineer 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:

« The ability to Autodesign more than one member at a time.
« The ability to run more than one type of Autodesign at a time (steel, timber, concrete, aluminum.. .etc).

« Theability 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
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Material

Autodesign item

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

Itis 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. Itis also your respons-
ibility 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.

Note: Autodesign for material concrete use Automatic member reinforcement design
(AMRD) from Concrete Advanced service.

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 man-

ager with usual features and functions.

Procedure to open the Autodesign manager

1. Open service Calculation, Mesh.

2. Start (double-click) function Autodesign.
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Main 4

..... Project

-8 BIM toolbax

- Structure

At Load

EJ---E Load cases, Combinations
|:—:||:| Calculation, mesh

Check structure data
----- 24 Connect members/nodes
----- l];lr"' Mesh setup

----- l];lr"' Solver setup

..... I@ Local mesh refinement
~{i&ll Mesh generation

----- Calculation

----- E=] Hidden caleulation

b Results

----- A= Steel

-6 Drawing Tools
- Libraries
3% Tools

Om
i

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

4. After defining the procedure (see next chapter) the following dialogue is displayed.
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Selector switch

Type of loads Combinations

Combinations ULS

Autodesign type Cross-sections steel check

ttems count 1

Autodesign item ftem 1

B Autodesign item

Cross-section CS3- 1 gh (350; 175; 25; 16; 12_v_|
Parameter Advanced Autodesign
Edit advanced Autodesian |

B

[ Mew ][ Insert ][ Edit ][ Delete ] [ 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 iter-
ations. We can set a number of iterations for the optimization, or we can let SCIA Engineer iterate until an optimum solution
isreached.

-252-



AutoDesign - Global optimization

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.
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Selector switch

Type of loads Combinations

Combinations ULS

Autodesign type Cross-sections steel check

ttems count 1

Autodesign item ftem 1 ;I

B Autodesign item

Cross-section CS3- 1gh (350; 175; 25; 16; 12 v |
Parameter Advanced Autodesign
Edit advanced Autodesian |

[ New | Inset || Edit | Delete | | Optim.Routine | Autodesignal || Calculate | 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.
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Froperty Parameters Ficture

'.F.i;amove.ltem: I Add itern I

| Autodesign | | Calculation

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

ot s 1 =

Froperty Parameters Ficture

Cross-sections timber check
Cross-sections steel fire resistance check
Bolted diagonal Autodesign item

Arnrd Autodesign item

Items Crozs-sections cormugated web check >‘

Cross-gections alurminium check

Frame height AutoDesign

Lapped purlindgirt Autodesign X
Pad foundation check

In-block AutoD esign item
Flange optimization

Hall deflection AutoDesign
‘web optimization

Flange thickneszs optimization
Simple frame optimization

: Hemove.item.' Add item

| Autodesian | 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.
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. Make selection

Available Selected

5. Define the Autodesign property, parameters and criteria.

Froperty Parameters Picture
Name o1
Selector switch |0 Parameter H _VJ
Type ofloads | Combination v || | Use crosssecti... |0

o e ULS | | Length fmm] 300

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

ltems count 1 Maximum [mm] 1000

Step [mm] 10

Search pattem | Find first ok ;j
Direction Up and doeri
Maximal check [] | 1.00

Autodesign che... |0.00

Hemoveltem] [ Add item

6. Click button [Autodesign] to run the calculation and see its result.
7. Ifrequired, click button [Calculation] to re-calculate the modelin 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.
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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 per-
form 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-cal-
culation once more redistributes the internal forces. And it may happen that the sub-
sequent Autodesign finds the cross-section "A" as optimal once again. And so on, and so
on,andsoon.

Autodesign parameters and criteria

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

Froperty Parameters Ficture
Name o1 | Crosssection | SERIENERT
Selectorswitch |0 Parameter H LI
Type of loads Combinationll Use crosssecti... [

Combinations [V | [ Length fmm] 300

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

tems court 1 Mzzdmum [mm] 1000

Step [mm] 10

Search pattem Find first ok LI
Direction Up and doerI
Maximal check [] | 1.00

Autodesign che... | 0.00

[Hemoveltem] [ Add item

Autadesign ] [ Calculation | [ Close
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Overall Autodesign '
Froperty FParameters Picture
Name o1 Cross-section CS3-1gh{3 -
Selector switch |0 Parameter H _V_I

Type of loads  Combination v |[ | | Use cross-secti... |01
||| Combinations  [I[E ]| Length fmm]

Autodesign type | Cross-sectio.. Minimum [mm] 1
tems court 1 Maimum [mm] | 1000
Step [mm] 10
Search pattem Find first ok _:j
Direction Up and dowrll
Maximal check [] | 1.00
Autodesign che... | 0.00 S
Items
th
. 72!
p—
2
[ x
™
Remove [tem ] [ Add item ]
Autodesign ] [ 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)
Tellsthe 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.
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Overall Autodesis

Property Parameters Picture

Mame o1 Cross-section CS3-1gh (3 =
Selector switch |0 Parameter H .Ll
Type of loads Combination_:] Use crosssecti... [
o e ULS | || Length fmm] 300
Autodesign type | Cross-sectio Minimum [mm] 1
ftems count 1 Mapimum [mm] | 1000

Step [mm] 10

Search pattem | Find first ok __:_i

Direction Up and dowr_V_I

Maximal check [] | 1.00

Autodesign che... | 0,00 S

Items
th
| > =
b
£
. x
=y
Remove ltem ] [ Add item
Autadesign ] |_ Calculation J [ Close

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-sectionsis 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
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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 ltems 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 lib-
rary. Thislibraryis stored in Libraries > Structure, analysis > Cross-section list.

Main X

= a Libraries -
----- [ Materials

S Setup

----- Ed Named item
I';'lg Structure, Analysis
i+ Cross-section list

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.

(7 Rolled cross-sections one type

(") Rolled cross-sections multiple types

I B '| Lists of available cros

AieBk oo S SHE A

LISTL fare  [EQ
Type of list Dimensions

B hems

Dimensions list [mm]

Dimensions list [mm]

Dimensions list [mm]

Dimensions list [mm]

Dimengions list [mm]

Dimensions list [mm]
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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 sev-
eral or all parameters of a cross-section in one step. It is possible to use dependencies between parameters and use cross-
section listas well.

an Autodesign

Param. Value Autodesign | Related to |
B Yes
O Mo
O Mo
E Yes
O Mo
O Mo

KNERENENEHE

l Select/Deselect Al ] [ Test relations Test css lists

Allitems are described in the following table.

ltem 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 optimized depending on the optimization of other para-

Related to ) L
meter. Inactive when Autodesign is YES.
Rali Ratio gives the relation between the optimized parameter and dependent parameter, see above (value B calculated as 0.5 * optim-
atio
ized value H). Inactive when Related to is No.
List Link to Cross-section list library. The selected parameter can be optimized according to the requirements stored in the Cross-sec-
is

tion listlibrary (dimension list)
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Item Description

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 con-
nection etc).

Overall Autodesign L

Froperty Pararneters Ficture
Name o1 Cross-section CS3-1gh{3 -
Selector switch |0 Parameter H _'_i
Type of loads Combination_vj Use crosssecti... |[J
Combinations [ | | Length [mm] 300
Autodesign type | Cross-sectio... Mirimum [mm] 1
ltems count 1 Maximum [mm] 1000
Step [mm] 10
Search pattem Find first ok __v_j
Direction Up and dowr__vj
Maximal check [] | 1.00
Autodesign che... | 0.00 S
Items
th
e 72!
=3
=
=
Remaove [tem ] [ Add item
l Autodesign ] [ Calculation [ Clase
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Control buttons

Froperty Parameters Picture

Name o1 Cross-section CS3-Igh(3 =
Selector switch |01 Parameter H ;‘

Type of loads  Combination v || | Use cross-secti... I
[ e ULS | | Length fmm] 300

Autodesign type | Cross-sectio.. Minimum [mm] 1
ltems count ! Maxdmum [mm] 1000
Step [mm] 10
Search pattem Find first ok _v_!
Direction Up and dowr;]
Maximal check [] | 1.00
Autodesign che... | 0.00 S

H

th
&g | = z
o
£
X
——
B
Remove ltem ] [ Add item
Autodesign ] [ Calculation { [ Cloze
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 service Concrete Advanced
> Automatic member reinforcement design > Reinforcement design
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Autodesign in Concrete Advanced service

Concrete Advanced X

Design defaults -
- 1D member

----- (4, Member buckling data
----- 1T Member data

----- 0% concrete slenderness
= [’j Redes (without As)

----- |TH Mew reinforcement
[Tl New stirrups

----- |== Mew longitudinal reinforcement E
ZF Edit reinforcement in section

il +—, Add transverse bending reinforcem
------ {1 Export reinforcement to CAD
|'_—‘| Autornatic member reinforcement desig

------ Member data

B Reinforcement design

i ﬁ'a Cross-section characteristics

¥ Internal forces

] % Member design - Design

&, Member chedk

-y SaT_Details =
4 | - 1} 3

New _'

2l

Properties x

Futumatic: member reinforcement design EN 1952 M

Mame Automatic member reinforcem...
Selection Current |
Type of loads Combinations ;I
Combinations Co1 ;I
Filter No |
Prirt explanation of emors and w... |E

Values Check value ;I
Extreme Member ﬂ
Drawing setup 10 _|
Section All ;l

Calculation info =
Concrete setup =
Preview =

il
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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:

o reinforcement template,
« setup dialogue of service Concrete Advanced,
« member data related to the automatic design,

« 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 auto-
matic design uses in the first step the diameter of this practical reinforcement. There is no output to the document. The res-
ults 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 auto-
matically 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:

o First, the parameters that may affect the automatic design should be defined. Itis necessary to define rein-
forcement template for longitudinal reinforcement, which layers can be optimise during the automaticrein-
forcement procedure,

o Specify the default parametersin
o Setup dialogue of service Concrete Advanced affecting and controlling the procedure for the
automatic design,

o member data related to the automatic design, if required. These data overwrites the default val-
ues by member data that are specific for a particular beam.

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

« Thedesigned 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 cal-
culated check value is still less than the defined utilisation, then bars are deleted to achieve the optimal util-
isation.

Template preparation

The template used for the Autodesign is prepared in a standard way. One difference is that the check box Automatic mem-
ber design is switched ON.
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Filter
L1-51E4

[ Delete ] [ Delete all

Min. number of b... |2

\8!

Analysiz model | Automatic desian
Langitunidal reinforcement MHew reinforcement parameters Type of beam Reinforcement lavers area

Murmber of bars 5 bearns and ribs Selected layers 402 "2

Add bars to comers Profile [rm] a0 All layers 804 mm”2

Sirup nanme 51 Stirmups Picture properties

. = [w] [ Draw dimensions

Texts scale
Callizgion of bars

- ’ Redraw ]
@ Behween existing bars

() Move layper oK ][ Cancel ]

Concrete setup

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

E | Type of values - Standard EN Name Standard EN
Code independent values ] (- Concrete Concrete
Code dependent values &= =3 G:enenal Allowable stress
= E_alculation Detailing provisions
- General El Reinforcement and reinforcement design
i Columns E [Automatic reinforcement design |
- Beams B G 1
= ULS = = - %0
" Interaction disgram Maxlm_al explortatlc_m of cross-section [%]
- Shear B Lengitudinal reinforcement
1D stiuchures Minimal length of bars [m] 0,50
" Construction joint Check min. number of longitudinal bars above ... B yes
S Details Minimal number of longitudinal bars above sup... | 30
- Aincharage check Try to reduce length of bars K yes
.. Bearing checks Minimal number of reduced bars in a reinf. layer | 2
- Fire resistance Maximal number of bigger diameterthanthed... |2
= 5LS Do not use "Meighboring” diameters O no
- Creep B | Stimups
- Crack praof Minimal centerto-center distance for stimups [... | 30.0
- Code Dependent Deflections Minimal reduction length By length
@--A:Ilowable stress Minimal length of one stimup part [mm] 1000,0
i Calculation Minimal number of stimups in one stimup part 5
=- D:etailing provision.s_ B Step for reduction [mm] 50.0
i Comman detalling provisions Tov b i i poat o v e

Prestressing post-tensioned
Cross—section characteristics

(- Fire resigtance
s Wamings and ermors

- General

- Coluring

- Beams

i..Slabs

(= Reinfarsement and reinforcement design

fotbaraatio rainfarcamant dasion

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

Properties x

Cnnr:':e.-te autodesign data (1) -

Max. exploitation of cross<secti... | 100
Reinforcement template LR_B_R1
B | Longitudinal reinforcement
Try to reduce length of bars Bl yes
Maximal number of bigger dia... |2
Do not use "Neigboring” diam... |0 no

B Stimups
Minimal stimups distance [nm] | 50.0
Stimups step [mm] 50,0
Try to create symmetrical stimu... [0 no
Member B1

Load default values Ban |

Concrete Setup 2p I

General

Max. exploit-  Specifies the maximal utilisation of the cross-section in the auto-
ation of cross-  matically reinforced beam. The value may be between 1and 100%.
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section

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

Longitudinal reinforcement

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

length of bars |t ON| some bars may be shortened if the unity check is satisfied
without them.

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

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
Do not wuse assumethatthe default diameter specified in the Design default tab
"Neighbouring” is 10 mm. Further assume that Maximal number of bigger dia-
bars meters than the default is set to 2. If this option is ON, the following
bars can be inserted into the beam: (i) either 10 mm, (ii) or 12 mm,
(iii) or 14 mm, (iv) or 10 mm and 14 mm can be combined together.
10 mm and 12 mm are not permitted to be combined in one beam

Stirrups

Minimal stir- Specifies the minimal distance between stirrups measured from the

rups  dis- centre of a bar to the centre of an adjacent bar.
tance
Defines the step for the reduction of the distance between two adjacent
Stirrups stirrups. This ensures that the distance between stirrups is always a
step "rounded" number - e.g. 200 mm, then 250 mm, then 300 mm, etc.
(and note.g. 200, 246 mm, 298 mm, etc.).
Try to cre-
ate . sym- This parameter may enforce that the stirrup parts are symmetrical
metrical
. along the length of the beam.
stirrups
parts
Member
(informative  Shows the name of the beam where the member data are assigned to
only)
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lllustrative example

Let us consider a very simple example of concrete frame. The structure is subjected to several loads (self weight, per-
manent, variable, wind etc.). The aim of this example is to find the optimal reinforcement pattern in the continuous horizontal
member of the frame.

B1

@
]
hyi

® H

D ®

Crrrr o rr 1
D s ®

Y O T A A

(om0t ) ] = =
i % H E i =
| @ Li|@ BRS]
= e =
| @ [ @ e

One Autodesign function with type AMRD Autodesign is defined and reinforcement pattern for beam B1 is optimized. No
additional settings related to parameters are defined for this case. Possibly AMRD data can be defined on the beam only.

peeap 0 DS

Froperty Parameters Ficture
Name o Selection List LI
Type of loads Combination:l _I
Combinations col | | Autodesign No
Autodesign type | Amnd Autode.
tems count 1

Available Selected
Iterms
Remove ltem ] [ Add item

Autodesign ] [ Calculation ] [ Cloze

Autodesign starts after pressing button Autodesign all.
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o1 [Name [01
| Type of loads Combinations LI
Combinations o
Autodesign type | Amrd Autodesign tem
| kems count 1
Autodesign item _He.-rn 1 ;I
B Autodesign item
Selection List
List [
Autodesign Mo

[ e

Mumber of Autodesign: 1.

(ew ) oot ][ & (Do) (Ot ot ) ukoioagna ) G ][ Gos |

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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e ® it i
0 data
rerete 10 anta | : i nrdatu
&)
5 i

mrete 0 dat N

BZ

&
S

B3

The document outputis very simple.

- 12 7 defaurt

||

Type Hame Selection | Autodesign
Overall Autodesign AMRD tem | List Yes

The results can be verified in the standard concrete checks:

o Checkcapacity (max check value 0,97)

=

o Detailing provision (max check value 0,82)
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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.
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Autodesign in Steel service

Steel =
EIFF Beams
E Steel Setup
=] Haunch

= [» Member Check data
Steel member data
----- [H; Member buckling data
- Ji}= LTB Restraints
- Stiffeners
----- ##4 Diaphragms
----- K1 Local Transverse Forces data
..... H Links
----- |H> Steel slenderness
=By, ULS Chedks
L3 5IN beam check
----- — 5LS Checks - Relative deformation

EEE

Properties x
Check of steel (1) > [ e

Name EC3

Selection All LI
Type of loads Load cases LI
Load cases lLC |
Fitter Crogs-section ;I
Cross-section C51 - Tube (70: 10} |
Values un.check LI
Extreme Member R4
Output Brief |
Drawing setup 10 _I
Section All LI

Preview =

Single Check - I
Autodesign - |
Split C55 S |
Unify C55 Ry |

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

Autadesign
b aximial check

b axirmum unity check:

Edit constraints

Mext down

| |
Edit | |
| |

[
[
[
[

Search far optimal

Direction Up

Parameter

i - dimenzsion; D v]

Param. Value |Autod85|gn | Related to

Ratio

El Yes

Set walue Select/Deselect All

Test relations

We will focus on Autodesign running from Autodesign service in this case. Generally, res-
ults 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 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 dimen-
sions 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
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The Autodesign function is defined for each of the cross-sections. You can see the settings for CS1-Tube,

Overall m_ 52
Froperty Parameters Ficture
Name 01 Cross-section C51 - Tube (_~|
Selector switch |0 Parameter Advanced A~ |
Typeof loads  |Load cases v =
Load cases LC1 ;I Direction Up and dowr v |
Autodesign type | Crosssectio . Maximal check [] |1.00

ltems count |1

Autodesign che... | 0.69

Hemoveltem] [ Add item ]

| Param. | Value Autodesign | Helatedto|

D U O No t = 7 e+
t 12 BYes |No L 1 100

SelectDeselect Al | | Testrelations | | Testessists | [ o« | [ cancel

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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Froperty

ftems count |1

Parameters Picture:
Name Q2 Cross-section C52-Tube (x|
Selector switch |0 Parameter Advanced Ay v |
Typeof loads | Load cases = Edit advanced ... | ]
loadcases | LC1 | Direction Up and dowr x|

Autodesign type | Cro.etsee_ctip...

Madmal check [] | 1.00
Autodesign che... 0,53

Param. Value Autodesign | Related to | Ratio |

D = ONe 1 -] &5 [N
H Yes No

Hemoveltem] [ Add item ]

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

B Autodesign item
Crogs-section

Parameter

Edit advanced Autodesian

C52 - Tube (63; 10)

A e BB 0 S SHE A “RY
| o1 |Name |02 -~
0z Selector switch O b
Type of loads Load cases ;I
Load cases L1 |
Autodesign type Cross-sections steel check E
ttems court 1
Autodesign tem ftem 1 _v_l

Lo

Advanced Autodesian

1

| New | Inset | Edt | Delete |

The results are automatically printed in preview.

‘% Overal Autodesign preview

s Qﬁg] efault

- & TP 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

202

Cross-section

Parameter

Original cross-section

Autodesign of cross-section

Autodesign check
[

CS2 - Tube (50, 8)

Advanced Autodesign

CS2 - Tube (63, 10)

CS2- Tube (50, 8)

0,65

The comparison of the dimensions is in the following table.
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Initial Optimized

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

CS1-tube 12 84 10 70
CS2 - tube 10 625 8 50

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

7

Evaluation of steel check for optimized cross-section dimensions

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.
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Autodesign in Steel service

Steel o

-5 Steel Setup 2
~+==1 Haunch

= [» Member Check data

Steel member data

----- [H; Member buckling data

- Ji}= LTB Restraints

-} Stiffeners

----- ##4 Diaphragms

----- 5 Local Transverse Forces data
{18 Fire resistance

..... H Links

m

" Chedk - fire resistance

. - SIN beam check 3
i== 515 Checks - Relative deformation -

Fire resistance - EC 3

Selection All LI
Type of loads Combinations LI
Combinations Fire ;l
Filter No |
Values un.check _ﬂ
Extreme Member ;‘
Ontpt Marmal ;I
Drawing setup 10 _I
Section | |

Single Check - |
Autodesign B I
Split C55 g I
IUnify C55 s I
Preview RS |

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.
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I Autodesign of the cross-section
Autodeszign
b aximal check

bl @sirumn unity check:

| Edit constraints |

Edit

[
[
[

l
]

[
[ MHest down
[

Search for optimal

Parameter

1 - catalogue: HEBAOO v]

Param.
| sections

Set value ] I Select/Deselect Al l | 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 |

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

2 I 4 | A i %l Input combinations

ULS

[Name | Fire
Description
Type EN-Accidental 1
Active coefficients O

B Contents of combination

LC1H

Explode to envelopes
Explode to linear

Time resistance [zec]

Buckling ratio ky
Buckling ratio kz

Fire exposure

Protection

k2

Temperature- Time curve
Member

El

By setup

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,
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Froperty FParameters Picture
Name Fire Cross-section Steel - HEB-iLI
Typeofloads | Combination v | (EEEiieis HEB4DD  ~|
Combinations Fire LI Use cross-secti... |0
Autodesign type | Cross-sectio... Rolled HEB400
ltems court 1 Sort by Height

Starting CS5 Actual

Search pattem | Find first ok

Direction Up

Maximal check [] | 1.00

Autodesign che... |0.00

| [Hemoveltem] [ Add item

Autodesign ] [ Calculation ] i Cloze i

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

-282-



AutoDesign - Global optimization

oot avceion

e BB > G ESHEH A

:

Fire

Autodesign check []

Y
MName Fire
Type of loads Combinations ;I
|Combinations | Fire |
Autodesign type Cross-sections steel fire resistance...
ttems court 1
Autodesign tem ftem 1 ;l
B | Autodesign item

Cross-section Steel - HEB400 Rd

Parameter HEB400

lUse cross-section list O

Rolled HEB4DD

Sort by Height

Starting CS5 Actual

Search pattem Find first ok

Direction Up

Maximal check [-] 1,00

s
UL Uy

[ow )t J[_et ) Dots ]

[ Oiptim . Routine ]I 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
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@
1

[ Cross section |

v4

oo e | Warping e | Sheary| Shear | Conre e | Sffere | Feae [ Fires | Wapingioes | Sheacy | Shears | ot s | i |

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.

0,40

—_—

FireResistance B1 |

} /ﬂ\ Bl/Stes! _
T T

Check of steel - fire resistance

Type Name Case Member css mat dx un.check | sec.check | stab.check
[m] -1 1 ]
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.

0,86

CL\ FireResistance B1
| Bl/Steel
I

Check of steel - fire resistance

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

[m] [1 E] [l
Check of steel - fire resistance | Fire1 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 checkiis the same part as the Autodesign located in the standard Steel > ULS Check
> SIN beam check.
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Autodesign in SIN beam check service

Steel o
E|FF Beams -
-8 Steel Setup P
-] Haunch

= [» Member Check data

Steel member data

----- [H; Member buckling data

- Ji}= LTB Restraints

- Stiffeners

----- ##4 Diaphragms

----- K1 Local Transverse Forces data

{18 Fire resistance

..... H Links

----- |H> Steel slenderness

=-Bay ULS Chedks

&J Chedk

R Chedk - fire resistance =
T SIM beam check

i == 515 Checks - Relative deformation

EIFF‘ Connections 5

New

m

| SIN beam check (1) + | 5

5IN beam check

Selection All ;I
Type of loads Load cases LI
Load cases LC1 R4
Fitter Mo LI
Components All _ﬂ
Values Un. check web L‘
Extreme Global |
Drawing setup 10 _I
Section All ;I

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.
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Autodeszign
Bb 300

b aximal check

bl @sirumn unity check: 0.380

Edit constraints Info

J |
Edit | [ Change
J |

|
l
Mext up |
]

[
[
| Nextdown
[

Search for optimal

Parameter

Advanced Autodesign v]

Param. Value |A.|.rtodesign | Related to
Ba 300 0 No N | 100 Mo
tha 12 No No 1.00 No
Bb 300 No No 1,00 No
thb 12 No No 1.00 No
W 155 No No 1,00 No
Hw 276 No No 1,00 No
[ No Na 1.00 No

KN KN ERENENENES

Set value ] l 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 cor-
rugated SIN cross-section.
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~fog
The Autodesign function is defined for this cross-section. You can see the settings on the following figure.
Overall Autodesign [ = ]
Froperty FParameters Ficture
Mame Comugat Cross-section Comugated - |
Type of loads COITIbinEIﬁOHLI Parameter Advanced A - | Bb
Combinations uLs LI = 2
Autodesign type | Cross-sectio .. Direction Up and dowr v |
tems court 1 Maximal check [1 | 1.00

Autodesign che... | 0,00
Components Upperflangs |

:l:;
i
Hw
Ba

Items or

1. Corugated [Ad

Autodesign | Related to | Min. &

1 Ba 300 BYes Mo N x| 0 50 1000

2 |tha 12 O No N  ~] 100 Ne x| 10 1 1000

3 |Bb 300 BYes |No N x| 10 50 1000

4 |[thb 12 O No Ne ~| 100 Ne x| 10 1 1000

5 |w 155 O No Ne ~| 100 Ne x| 0 1 1000

6 |Hw 276 O No Ne ~] 100 Ne <] 10 1 1000

7 |s 178 O No Mo  ~| 100 Ne x| 10 1 1000

Remave Item ] [ Add item [ Select/Deselect Al ] [ Test relations ] [ Test css lists ] i oK i [ 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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I

E

AeBik o & SH A Hv
Corrugat [Name | Comugat
Type of loads Combinations ;I
Combinations LS ;I
Autodesign type Cross-sections comugated web ch...
ttems court 1
Autodesign item ftem 1

B Autodesign item

Cross-section Comugated - 5IMN1 (300; 12; 300;
Parameter Advanced Autodesign

Edit advanced Autodesign

Direction lUp and down

Manimal check [-] 00

Autodesign check [-] 0.00
| Companents lUpper flange

=l
2
=

Hw

Ba

| New | Inset | Edt | Delete |

| Optim Routine || Autodesign all ||

Calculate ][ Close ]

The results are automatically printed in preview.

1B & =5 E = 2o

| | ﬂ ﬁ _| default

= [E 78 defaurt
[

1. Corrugat

Cros s-secfion

Parameter Direction Maximal check
2]

Autodesign check
iG]

Original cr i

Corrugated - SIN1 (220; 12; 220; 12; 155; 196; 178)

Advanced Autodesign Up and down 100

of e i =
0,97 | Corrugated - SIN1 Comugated - SIN1 (220, 12;

(300, 12; 300; 12, 220; 12; 155, 196, 178) |
158; 276; 178)

Ready [en]

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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Peuwe [P | Waping s | Sheary | Shes 2| Gt s Pre | Fores | Wapingines | Sheary | Shesc2 | Conra s

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.

0
//’/ = i i '“‘\\
/'/ T
//// SR
el o
g "
‘ CIK B2/Corrdgated b
T
SIN beam check
Linear calculation, Extreme : Global
Selection : All
Combinations : ULS
SIN beam check
SIN beam checks - outer flange
Member name | Dx |Load case | NEd |MyEd |VzEd |c top (ke top| Ned - Ny Ngl NI Max unity check
[m] [kN] | [KNm] | [kN] | [m] ] [kN] [kN] [kN] [kN] [
B2 0,000 | ULS/M -13,50 | 0,00 (40,506,000 | 1,00 -6,75 | 846,00 | 573,38 | 845,00 0,01
B2 3,000 | ULSM -1350 | 60,75 | 0,00 (6,000 1,00 |-217,69 (846,00 573,38 | 846,00 0,38
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] -1 [kN] | [kN] | [kN] [kN] KNI 1
B2 0,000 | ULSM -13,50| 0,00 |40,50|6,000| 1,00 -6,75 | 846,00 | 573,38 | 846,00 0,01
B2 3,000 | ULSH -13,50| 6075| 0,00|6,000| 1,00 20419 846,00 0,24
SIM beam checks - web
Member name | Dx |Load case h VzEd | V_web Vrd Max unity check
[m] [m] | [kN] [KN] [kN] -]
B2 0,000 | ULS/M 0,288 | 40,50 40,50 | 44936 0,09
B2 3,000 [ ULSM 0,288 | 0,00 0,00 44936 0,00

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

The second figure together with the table is for the optimized cross-section.
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B2 /Corfugaled

SIN beam check

Linear calculation, Extreme : Global
Selection - All

Combinations : ULS

SIN beam checdk

SIN beam checks - outer flange

SIN beam checks - Summary
Unity Check - OK - satisfies. (0.969)

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] -1 kN [kN] [kN] [kN] -1
B2 0,000 |ULSN -13,50| 0,00 (40,50|6,000| 1,00 6,75 | 620,40 | 308,35 | 620,40 0,02
B2 3,000 |ULSN -13,50| 60,75 | 0,006,000 | 1,00 |-298382|620,40 (308,35 |62040 097
SIN beam checks - inner flange
Member name | Dx |Load case | N.Ed | My,Ed |Vz,Ed | c bot | kc bot| Ned + | Ned - Ny Ngl NI Max unity check
[m] [kN] | [kNm] | [kN] | [m] 1 [KN] | [kN] | [kN] [kN] KN] 1
B2 0,000 |ULSN -13,50| 0,00 (40,50|6,000| 1,00 6,75 | 620,40 | 308,35 | 620,40 0,02
B2 3,000 |ULSN 13,50 6075| 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] -1
B2 0,000 |ULSHM 0,208 | 40,50 4050 3191 0,13
B2 3,000 |ULSN 0208 0,00 0,00 31911 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.
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Autodesign in Check LRFD service

Steel X
EIFF Beams
Setup
~==] Haunch

= [» Member Check data

Steel member data
----- [H; Member buckling data
- Ji}= LTB Restraints

-} Stiffeners

----- ##4 Diaphragms

----- K1 wWeb crippling data
% Owerlap data
Steel slenderness

 Check LRFD
L= 515 Checks - Relative deformation

[:heck of steel (1) + [N 4

Name Steel IBC - LRFD A
Selection Al LI i
Type of loads | Combinations LI
Combinations o LI
Filter No =
Values un.check LI
Extreme Section ;I
Output Detailed |
Drawing setup 10 _I
Saction Al = [
Single Check - I
Autodesign E |
Split C55 s |
Unify C55 e |
Preview B |

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.
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I"am-a'-'..-,m"uﬁl._' cross-section
Autodeszign
b aximal check 1

bl @sirumn unity check: 2948

Edit constraints Info

|
Edit | [ Change
J |

|
l
Mext up |
]

|
[
[ MHest down
[

Search for optimal

Parameter

1 - catalogue: CICEC)203<ER- v]

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

Set value ] I Select/Deselect Al l | 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 settingsin the following figure.
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Froperty Parameters Ficture

IMeme 01 | | Cross-section

Selectorswitch |0 Parameter
Type of loads “Combinatio > || | Use cross-secti.. I
Combinations | =

ped put e

Autodesign che.
Type of check |
| Edit Lap length ...

| valuefmnm] | Autodesign List | Seplmm] [ Minml | Macfom] |
1L 100000 |© Yes | No ~| 25000 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.
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Type of list

Form code

Form code name
Code name

B hems

Folled cross-sections
Rolled cross-sections
Folled cross-sections
Folled cross-sections
Folled cross-sections
Folled cross-sections
Folled cross-sections
Folled cross-sections
Folled cross-sections
Folled cross-sections
Folled cross-sections
Folled cross-sections
Folled cross-sections
Folled cross-sections
Folled cross-sections
Rolled cross-sections
Folled cross-sections
Rolled cross-sections
Folled cross-sections
Folled cross-sections
Folled cross-sections
Folled cross-sections
Folled cross-sections
Rolled cross-sections

Rolled

114

Cold formed C sections
C{ICEC)

C{ICEC)Y165X65X65X19X1.55
C{ICECH 65XB5X65X20K1 75
C{ICECH B5XB5HE5X20K2
C{ICECH 65XB5X65X20K2 25
C{ICECH B5XREXE5X21X2 B
C{ICECH 65XEhXE5XIX3
C{ICEC)203X65X65X19X1 55
C{ICEC)203X65X65X20X1 75
C{ICEC)203X65XEEX2 12
C{ICEC)203X65X65X21X2 25
C{ICEC)203X65X65X 222 65
C{ICEC)203X65X65X23X3
C{ICEC)255x 7070191 55
C{ICEC) 255X 7070 20X1 75
C{ICEC) 255X 70X T0M20X2
C{ICEC)255X 70202 25
CICEC)255X70XT0R2TX2.65
C{ICEC)255X 70 70XZ2H
C{ICEC)300X30XAB0KT3X1 55
C{ICEC)300X30XA0X20K1 .75
C{ICEC)200XB0X 0202
C{ICEC)200XB0XA0X21X2 25
C{ICEC)300XB0XB0XZ2H2 B5
C{ICEC)300XB0X 0233

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-sections can be run in one step using Autodesign all.
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Autodesian check [

s
(TR

Auemklo =8 e@ A T,
Lapped Mame C555tesl -
C555teel Selector switch O
[Type of loads | Combinations ;I
Combinations Co ;I
Autodesign type Crozs-zections steel chack
ttems court 1
Autodesign item ftem 1 ;‘
B Autodesign item
Cross-gection CS1-C203XE5X65X23X3 = |5
Parameter C{CEC)203X65X65X23%3
IUse cross-section list &
Filter list LIST1
Sort by Height
Starting CS5 Actual
Search pattem Find first ok
Direction Up and down
Maximal check [-] 1,00

| Mew [ insert |

Edit | Delete |

[ Optim . Routine “ Autodesign all ” Calculate ][ Close ]l

The results are automatically printed in preview.

1. Lapped
Cross-section Parameter Sort by | Filter list | Autodesign check | Type of check
[

C51- CI00X80X80X233 [COCEC)300XE0XB0X233 | Height LISTH 091 |LRFD
2. C555teel

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

cros s-section check
[

CS1- C(ICEC)300X80X80X23X3 |Height LIST1 Cs1- CcS1- 096
C300X80X30X23X3 C255X70X70X21X2.66 [ C300X80X30X23X3

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
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oz
| E 9| |8
lleele | LM Jo 1l |

P |Fores | Warpngires | Sheary | Shearz | Conve s | el shape|

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.

. pail

2.95
2.95

Lpp1 ¥ 1000,0

i T A
Check of steel
Linear calculation, Extreme : Member
Selection - All
Combinations : CO1

Case Member CSS mat dx un.check

[m] [
comm  (B1 CS1- CICEC)203X65X60X23X3 | A6 5,400 2,95
coi1 (B2 CS1- CICEC)203X65X60X23X3 | A6 0,600 2,95
The second figure together with the table is for the optimized cross-section.
‘ | Lppt / 2500,00

e i 2y
Check of steel
Linear calculation, Extreme : Member
Selection : All
Combinations : CO1

Case Member css mat dx un.check

[m] [

comn (B CS1- CICEC)300XB0XBOX23X3 | A6 4 200 0,94
coimn (B2 CS1- CICEC)300X80X80Xx23 X3 | A6 1,800 0,94
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Steel connection - Bolted diagonal AutoDesign

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

EIFF Beams
-8 Steel Setup
=] Haunch
= |+ Member Check data
Steel member data
----- ﬂ% Member buckling data
= LTB Restraints
g Stiffeners
----- A4 Diaphragms
----- Bl Local Transverse Forces data
{18 Fire resistance
..... E Links
----- [H) Steel slenderness
By ULS Checks
----- = 5L5 Checks - Relative deformation
I'_—'IF Connections
E Connections Setup
. Bolted diagonal
|| Bolted diagonal - bolt operations

Connection type Bolted diagonal
Type of loads Combinations ;l
Combinations LS ;I
El Bolts
| Bolts M12-46 v| |
Buolts grade 46
Mumber of bolts 1
B Gusset properties
Gusset material 523 v| ||
| Thickness [m] 0.002
Throat size [m] 0,004
Double leg O
Output Erief |
Edit bolted diagonal _I
MNode M7
Diagonal B2 [Diagonal - HFLeq 1001 00xE]
Layer of diagonal Layerl
Open Preview
Results
Autodesign
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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, res-
ults 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.

o

E

=)
|

B4/ Stesl

B7/Steel

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

-299-



Chapter 11

# | Cross-section

Type

Source description

Type description
E Parameters

Material

L sections

Profile Library fitter

General

Draw colour

Colour

Fibre text zoom

Properties editable

Buckling editable

Buckling y+

Buckling z-z

Fabrication
Edit named tems

B Property
Alm™2]
Ay [m”2]

Name Diagonal

E Source and Type...

E Property reductio__
Use reduction factors

HFLeq 100108

Staalprofielen / deel ...
Equal leg angle

523 ..
HFLeq 1001008 .|
All cross-sections _v_I
Momal colour ;I
==

10 |

[ E sport ]

’ Update ]

[ Dacumnent ]

MName

Connection type
Type of loads
Combinations
B Bolts
Bolts
Bolts grade
MNumber of bolts
B Gusset properties
Gusset materal
Thickness [m]
Throat size [m]
Double leg
Output
Edit bolted diagonal
MNode
Diagonal

Layer of diagonal

Fichure | Fibres I W arping lines I Sheary I Shear z | Centre lings

Bolted diagonal
Combinations
LS

M12-46

5235
0,008
0.004
O
Brief

N7

B8 [Diagonal - HFLeq10

Layer1

[

0K ] [ Cancel ]

-

100x4]

_Eh::l

Open Preview
Results
Autodesign

- I
e I
|

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

Overall Autodesign

Froperty Parameters Ficture
Name Bolt Botted diagonal ... | BD __'__]
Type of loads | Combination v | | Bolt Mi2-46 |
Combinations ULs _:] Number of bolts | ©
Autodesign type | Bolted dizgo... 0.00

ltems count 2

_ BD [N7](BS)
%\X

Hemoveltem] [ Add item

Autodesign I [ Calculation ] [ Cloge ]

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.
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Alaemk 2 & SsH A K%
Bolt [Name | Bolt
Type of loads Combinations ;I
Combinations LS ;I
Autodesign type Bolted diagonal Autodesign item
ttems count s _
Autodesign item ftem 1 ;II
B Autodesign item
Botted diagonal connection ED
| Bolt M12-48
Number of bolts 0
Autodesign check [-] 0,00

[ Mew ” Inzert ][ Edit ][ Delete ] [ Cptim. Routine “ Autodesian 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
[
Overall Autodesign bolted diagonal item |BD M12-46 1 0,49
Overall Autodesign bolted diagonal item |BD1 M12-46 1 0,49

The comparison of initial and optimized values of bolted connections is clear from the following table.

Initial Optimized
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T
ED1 Name ED

NplRd - [kN] 364 49 NplRd - [lkN] | 364.49
NuRd - [kN] 07 22 MuRd - [kN] | 196,00
FbRd - [kN] 32,09 FbRd - [kN] 58.47
FvRd [kN] 5,66 FvRd [kN] 16.46
NpiRd - [kN] 34,00 NpiRd - [N | 150.40
NuRd - [N] 74.65 MNuRd - lcN] 120.27
FbRd - [kN] 32,09 FoRd - [N] |58.47
Connection check [ 0,12 EZ::::E;E;{ H :::
Member check [-] 0.11 - — : :—u.-*
Connection result FvRd [kN] 16.19 Connection resuit FvRd (kN1 [ERREE

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‘H; Beams Timber ULS check (1) -
2 Timber Setup

El |* Member Check data

—-HF Timber member data Name Timber ULS check

----- ﬂ% Member buckling data Selection Al ;I

- Ji= LTB restraints Type of loads Combinations |
[} slenderness data Combinations co >l
" LLS Checks - Check Fiter No Rd
iz 55 Checks - Relative defo Values Unity check LI
Exdveme Global |

Output Brief Rd

Drawing setup 10 _I

Section Al =]

Single Check L I

< | L | r Autodesign e I

| | Split CS5 il

Mew || Close Uny CS5 = I
HE 1] Preview s> |

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.
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1 of the cross-sectior

—Autodesign

b aximal check I'I

bl @sirumn unity check: 1.115

Edit constraints | Info

Mext down | Mext up

|
Edit | . |
|
|

Search far optirmal

Direction IUp % down vl

Parameter

Advanced Autodesign j

Param. Value |Autode.sign | Related to
B | 100 ONo |No =
H | 200 ONo  |No

Set value Select/Deselect All Test relations 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 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 dimen-
sions of cross-sections.
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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.

Froperty Farameters  Picture
[Mame  [O1 | |Crosssecton |CST-RECT v] s
Typeofloads | “Combinatio » Parameter | Advanced i

Combinations | CO1 e il

Autodesign type | Crosssectio... ——

2. £52 [Advanced Autodesign)

Param. Walue Autodesign | Relatedto Ratio List
1 B :105 B Yes _No | fNo
200 B Yes  No |

Test relations Test css lists

Femove ltem

Autodeszign | Calculation I Cloze |

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

-305-



Chapter 11

i | Overal Autodesign preview

EIESI =0 - % ] T deraut o B = deraut S=N=:
I1. Routine step: 1 =
11. 01
Cross-section Parameter Original cross-section Autodesign of cross-section | Autedesign check
El
CS51- RECT (105; 200) Advanced Autodesign | CS1 - RECT (100; 200) C51- RECT (105; 200) 0,95
C82 - 2 Rect (80; 160; 100) |Advanced Autodesign | CS2 - 2 Rect (80; 160; 100) | CS2 - 2 Rect (80; 160; 100) 0,81

2. Routine step: 2

Cross-section Parameter Original cross-gection Autodesign of cross-section Autodesign check
El
CS1- RECT (105, 200) Advanced Autodesign | CS1 - RECT (105, 200) CS1- RECT (105, 200) 0.96
CS2- 2 Rect (80; 160 100) |Advanced Autodesign | CS2 - 2 Rect (80: 160; 100) | CS2 - 2 Rect (80; 160; 100) 0,81
Heady [en] h | | _’l -

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.

Timber ULS check

Linear calculation, Extrerme : Global

Seledion : Al
Combinations : CO1

Cross-sedion : C31- RECT (100, 200)

Beam Cross-=ection | Material dx Load caze | Unity check | Section check Stability check
[m] 1 1 |
B1 C51-RECT c22 1734 | CO1M 1,09 022 1,08

The second ones are for the optimised structure.

-306-



AutoDesign - Global optimization

Timber ULS check
Linear calculation, Extreme © Global
Seledion : Al
Combinations : CO1
Beam Cross-=zection | Material dx Load case | Unity chedk Section check | Stability check
[m] [ [l [
B1 C351- RECT C22 1,734 | COH 0,96 0, 096

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

Aluminium - Cross-section AutoDesign

Autodesign of cross-section steel checkis the same part as the Autodesign locates in the standard Aluminium > Check.
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Autodesign in Aluminium service

Aluminium »

EIFF Beams

E Aluminium Setup

----- HE Aluminium member data
=-|* Member Chedk data

ﬁ Transverse welds
o [I% Member buckling data
~ffl= LTB Restraints

----- ﬂ stiffeners

- Diaphragms
----- = Relative deformation
----- ﬂ% Aluminium slenderness

New

Properties *

[P T BV

Mame Aluminium check

Selection All ;I
Type of loads Load caszes ;I
Load cases LA ;I
Fitter Mo ;l
Walues Linity check _ﬂ
Extreme Global |
Output Brief |
Drawing setup 10 _I
Section All ;I

Single Checle

Autodesign e
Splt C55 -
Unify C55 B

Preview s

i

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 but the functionality is the same.
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sign of the cross-section

Autodesiagn

M azimal check

I awirmurm urity check: 7484

| Edit conztraints | Info

Edit

l
]

Mext up

l ]
| Change |
l ]

)

[
[ Mest down
[

Search for optimal

Parameter

1 - dimenzion: H V]

Param. Walue | Autodesign | Related to
H 200 B Yes No

Set walue ] I Select/Deselect Al ] | Test relations I l Cahcel

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.
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Froperty

Parameters

MName Aluminiu

Type of loads Combination;l
Combinations ULs LI
Autodesign type | Cross-sectio.
ltems count 1

 Crosssection | ALU -Gener v |

Parameter

Use cross-sect...
Length [mm]
Minimum [mm]
Maxdimum [mm]
Step [mm]
Search pattem

H =l
o
200
:
1000
10

Find first ok~ |

Ficture

Direction Up and doerI
Maximal check [] | 1.00
Autodesign che... |0.00

Hemoveltem] [ Add item

Cloze: ]

[ Autodesign ] i Calculation ] [

In this case only one parameter (height of cross-section) is available. Therefore advance Autodesign is not used. Other set-
tings are the same as for the standard steel Autodesign.

Autodesign can be runin one step using Autodesign all.
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omrors I (=

¢ B v & c3HE B Y
Alurminiu [Name | Aluminiu -
| Type of loads Combinations ;I il
Combinations LS LI
Autodesign type Crosg-sections aluminium check
|fems count 1
Autodesign tem ftem 1 LI
B | Autodesign item
Cross-section ALL - General cross-section {21];'
Parameter H =
IUse cross-section list O
Length [mm] 200
Minimum [mm] 1
Mandmum [mm] 000
Step [mm] 10
Search pattem Find first ok
Direction Up and down
Maximal check [-] 1.00
Autodesian check [ 0,00 b

[ Mew ][ Insert ][ Edit ” Delete ] [ Qptim. Routine ]I Autodesign all ” Calculate ” Close ]

The results are automatically printed in preview.

| % ﬁ j default & l% T default &

1. Aluminiu =

Cross-sedhion Parameter Length
[mm]

| ALU - General_cross-sedon (800) | H |

F\eady [en] < LU} | £

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.
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s}
e B3/AL ’
| L
Aluminium check
Linear calailation, Exreme : Global
Seledion @ All
Combinations : ULS
Cross-section @ ALY - Geneml| oosssection (200)
Beam Case Css Material dx Unity check Section check Stability Check
[m] [ [l [
B3 ULsM ALU - General oross-section | EM-AW S0054 3,000 51 1,92 5,11
(ER/O.ER/B) T6 (05)
Evaluation of the steel check for the optimized cross-section dimensions.
4 i it ~— &
‘mwﬁk s i e e
\ /I\ B3/ALY !
| L
Aluminium check
Cross-seciions were changed dunng Autodesign The structure has to be recalculated !
Linear calculation, Extreme : Global
Selection - All
Combinations : ULS
Cross-seciion - ALU - General cross-section (800)
Beam Case Css Material dx Unity check Section check Stability Check
[m] =1 -] []
B3 ULS/M1 | ALU - General cross-section | EN-AW 6005A 3,000 1,00 0,55 1,00
(EP/O,ERB) 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 > Geo-

technics services > Pad foundation — stability check.
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Autodesign in Geotechnics service

Geotechnics x

EI--*?:EE Geotechnics services

’T‘,El Geotechnics setup

Pad foundation - Pad foundation stability

r-‘lew Close

L ||

Properties x

[T ———— T AT Y

Name Pad foundation check

Selection Curert Rd
Type of loads Class Rd
Clazs GEO v| |
Filter Pad foundation LI
Pad foundation FF1 |
Values IUn.check ;I
Extreme Global ;I
Output Brief |
Drawing setup 10 _I
Section Al LI

Autodesign =
Preview s

i

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.
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Autodesign

Maximal check

Maximum unity check:

h3=0.050

MNext down ] l MNextup

Search for optimal

Direction Up & down -

-

Parameter

Advanced autodesign v]

Param. | Value [m] | Autodesion | Relatedto i ' Stepfm] | Min.fm] | Max.m] |
2,500 O Mo No ; 0.100 0,100 2,000
2,500 No No ; 0,100 0,100 2,000
0,400 No No , 0,100 0,100 2,000
0.200 Mo No : 0,100 0,100 2,000
0,050 No No : 0,100 0,100 2,000
0,600 No No , 0,100 0,100 2,000
0,600 No No . 0,100 0,100 2,000

l [ Select/Deselect All Test relations

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.

The Autodesign function is defined for one selected pad foundation. You can see the settings.
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2
Property Parameters Picture
Name 01 Pad foundation | PF1 = g
Typeof loads | Class | | Parameter Advanced A ¥ | S
Cas 6o <[l E T
Autodesign type | Pad foundsati. Direction Up and dowr | b=
ltems court 1 Maximal check [] | 1.00 =

0.050

Autodesign che... | 0.6

h3

=

bE0.600

1. PF1 [Load .

>
&
Items
B

Param. | Value[m] [ Atodesign | Relatedto | Ratio | Lst | Sepfm] | Min.[m] | Max[m] |

1 |ﬂ 2,500 BYes MNo N [ 0100 1.000 3.500

2 |B 2,500 0 No A ] w0 (e

3 |ht 0.400 EYes No N | 0050 0400 1.000 |

4 |h2 0.200 BYes No N | 0050 0200 1.000

5 |n3 0.050 O No Ne ] 100 Ne x| 000 0100 10,000

6 |a 0.600 O Ne Ne ] 100 Ne x| 0000 0100 10,000
Remove iem | | _Additem 7 |b 0.600 O No Ne v 100 [N~ oam0 0100 | 10000

[ Select/Deselect Al ] [ Test relations ] [ Test css lists ] E Ok i [ Cancel ]

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..

-316-



Chapter 11

01 [Name | 01 A
Type of loads Class ;i B

I Class GED vI I

Autodesign type Pad foundation check

ttems court 1 =

Autodesign item ftem 1 ;l

B Autodesign item

Pad foundation PF1 R4

|Parameter | Advanced Autodesign TE

Mumber of Autodesign: 1.

B
L A=TS |
A A

[ Mew ][ Insert ][ Edit ][ Delete ] [ Oiptim. Routine “ Autodesign all I[ Calculate ][ Close ]

The results are automatically printed in preview.

R default
Pad foundation Parameter Direction Maximal check Autcdesign check Original pad foundation AutoDesign of pad foundation
5l

PF1 Advanced Autodesion Up and down 1,00 0,98 | PF1 - (2,500; FF1 - (3,000;
2500, 3,000,
0400, 0,300,
0.200; 0,500;
0,050; 0,050;
0600, 0,600;
0600} 0,600}

Initial Optimized
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A A A_ 3 0 L

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:

o Frame - Autodesign manager

o Frame-CSS height Autodesign
o Frame - deflection Autodesign

o Frame-flange Autodesign

o Frame-web Autodesign

« Frame - flange thickness Autodesign

Allitems mentioned above are demonstrated on a simple steel frame (S355) made of Iwn cross-sections. The frame is 30m
long with 6.0m high columns. The top point s 2.0 above the head of the columns. The structure is subject to self-weight, per-
manentload (-3kN/m), variable load (-5kN/m) and automatically generated climaticload (wind, snow) according to EN.

-317-



Chapter 11

Eight different cross-sections are used (two for columns and six for rafters). All cross-sections are welded.
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i e HBBLI 0 & &

Y cit - wn @00; 12: ... [l

&b RL1 - Twn (400; 1. g
&b RL2 - Twn (400; 12; ... EDE“E'"E"
& RL3 - Twn (400; 12; ... et
Material
& CR1 - Twn (400: 12: ... B
[mm]
& RRL-Iwn (400;12; .. | | |3 o]
& RR2 - Twn (400 12: ... Bb ]
| &4 RR3 - Twn (400: 12; ... thb fmm]
Bc [mm]
thiz [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 optim-
ization is based on a symmetrical cross section. The height design is based on the interaction formula for combined bending

and compression.
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Overall Autodesign

— Picture

Remaove ltem

Add item

Property Parameters
Name [0 Autodesign No
Typeofloads  Combination = || | Flanges section... | SM1
Combinations uLs ;I Web height C5... |wd
Autodesign type | Frame-CS5ho. Web thickness ... | wt
ttems court 1 Min web slende... | 50
Max web slend... | 125
Min flange slen... |5
Max flange slen... | 15
Safety coeff-N |1
Safety coeff - My |1
Safety coeff -Vz |1
Member list B1B2B3B4 ..
Add members b... J=1

>i;&l;ra:me—CSS height autodesign
X

Autodezign Calculation

Close

The property of this Autodesign is the following:

Flanges section matrix

link to library of section matrices

maximal slenderness of the web working as con-
straint

Min flange web slen-
derness

minimal slenderness of the flange working as con-
straint

Max flange web slen-
derness

maximal slenderness of the flange working as con-
straint

Safety coeff - N XXX

Safety coeff-My | o SR
Safetycoeff-Mz | o
Memberlist | istof Autodesigned members
'Add members by layer inktolayer database for selectonofalayer
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% Overall Autodesign XN

[C— [o1

Type of loads Combinations
Combinations LS
Autodesign type Frame-CS5 height autodesign
ttems count 1
Autodesign item ftem 1
B Autodesign item
Autodesign Mo
Flanges section matrix SM
Web height C55 list wd
Web thickness C55 list wt
Min web slendemess 50
125
5

Max web slendemess

Min flange slendemess

Mzx flange slendemess 15

Safety coeff - N 1

Safety coeff - My 1

Safety coeff - Vz 1

Member list B1BZB3 B4 BRBE BT BE

Mew | Insert | Edit I Delete | Cptim. Routine Autodesian all Calculate Close

' Overal Autodesign preview Ll‘
I EBS 50 = 0% = IE [ | T defautt ks B gefault &

Type Name Autodesign | Member list | Flanges section | Web height Web Min web Max web Min flange | Max flange Safety | Safety | Safety |
€SS list thickness slendemess slenderness slenderness slendemess coeff - coeff -

CSS list M My vz |

Frame height AutoDesign No B1 B2 B3 SM1 wd wt 50 125 5 15 1 1 1 I

B4 B5 B6

B7 B8

Ready [cs] Al I A[J - |

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
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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.

« Ifthe value of the checkis bigger than 1 then it finds in the list the first thickness which has the check lower than 1.

« [fthe value of the checkis 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.

raII Autodesign

Froperty Farameters Picture
Name Web Dimension list wt vi
Type of loads Combination‘:] Optimized CSS  |CL1 - hwr v]
Combinations ULsS L] Optimal check 0.95
Autodesign type | Web optimiz... Min check bou... |0.85
ltems count 8 Max check bou... |1

Dimension fiter ... | 0.3

Min slendemess | 50
Max slendemess | 125

Items

2 RL1 >

Web AutoDesign CL1
X

3. RL2

4. RL3

5 CR1 ¥
6. RR1

7

a

. RR2
. RR2

Hemoveltem] [ Add item

[ Autodesign I [ Calculation ] [ Cloze ]

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. Thislibraryis stored in Libraries > Structure, analysis > Cross-section list.
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Main 4

I_:_Ia Libraries ~
----- B Materals

B Named item
=B Structure, Analysis
i+ Cross-section list

| &S| A

|Narne | wt
Type of list Dimensions
B lems

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

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

|| = | === NN

[ N e T e T S Y e

Itis possible to define three types of cross-section lists (see the following figure). Cross-section list of type Dimen-
sion list can be used for Autodesign only. The dimension list wt is used for optimization.

When allvalues are set the dialogue looks like this
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#  Overall Autodesign .
Al eBE 2= & =- A
I | [ [vies

Type of loads Combinations

Combinations ULS

Autodesign type Frame-web autodesign

ftems count 8

Autodesign item ftem 1

B Autodesign item

Dimension list wi - |
Ciptimized C55 CL1 - bwn (400; 12; 300; 12; =
Optimal check 095

Min check boundany 0.85
Mz check boundary 1

CL1

Mew I Insert | Edit I Delete | Optim . Routine Autodesign all Calculate Close

The results preview is printed

iy e Lozt el e Sl SR e bokwr y | SO Rk iy | SN e e sce 8 | SO e e S e silesie e |

Web AutoDesign CL1 | wt CL1 - lwn (400, | 095 0,85 1 03 50 125
12 300; 12
200; 16; 372; 0)
Web AutoDesign RL1 | wt RL1 - lwn (400, | 095 0,85 1 03 50 125
12 300; 12
200; 16; 372; 0)
Web AutoDesign RL2 | wt RLZ - lwn (400 | 095 0,35 1 03 0 1000
10; 300; 12

200; 16; 372; 0)
Web AutoDesign RL3 | wt RL3 - lwn (400 | 095 0,35 1 03 0 1000
10; 300; 12
200; 16; 372; 0)
Web AutoDesign CR1 | wt CR1 - hwn (400; | 0,95 0,85 1 03 0 1000
10; 300; 12
200; 16; 372; 0)
Web AutoDesign RR1 | wt RR1 - lwn (400; | 095 0,85 1 03 0 1000
10; 300; 12
200; 16; 372; 0)
Web AutoDesign RR2 | wt RRZ - lwn (400; | 0,85 0,35 1 03 0 1000
10; 300; 12
200; 16; 372; 0)
Web AutoDesign RR3 | wt RR3 - lwn (400; | 095 0,85 1 03 0 1000
10; 300; 12
200; 16; 372; 0)

1 Min slenderness 1 __’J - !l
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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

Updse
Pit [ Foves | Waping ines] Sheat ] Sheat 2] Centeines  Stfere | Concel Pite [Foves | Warpingnes] Shest ] Shearz] Ceeines | Sifene ] Coresl

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
firstitem from this list with CSS check smaller than 1.

Property Parameters PFicture
Name o1 Flanges section.
Type of loads Combination_:] Optimized CSS
Combinations ULS _:] Optimal check
Autodesign type | Flange optimi... Min check bou...

Max check bou...
Width fitter taler..
Thickness fitter ...
Min slendemess
Max slendemess

ltems count

> 1 . . .
e Flange optimization CL1
3. Flange optimization RL2

4. Flange optimization L3

5. Flange optimization CR1 pd

E. Flange optimization RR1
7. Flange optimization RR 2
8. Flange optimization RR 3

X

Hemoveltem] [ Add itern

Autodesign] [Ealculation] [ Cloze ]

This Flange optimization has different properties:

Flanges sec- hereisthe link to Section matrix library. Section matrix library is defined
tion in Libraries > Structure, Analysis> Section matrix. Generally, the sec-
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tion matrix is the matrix of the defined sets of flange width and thick-
ness. It can be defined by the user and it can represent the man-
ufacturing possibilities of the steel provider. The section matrix used for
this example is displayed in the following figure.

e —

AhheBuw| o = & SH| A

=
Y

5 [fu ) TR ] Ca [ g |

Link to the cross-section which should be optimized from library. For

ggtslmlzed each optimized cross-section a different Autodesign item is created. (8
items of flange optimization type).

The fol-

lowing

items work

as con-

straints.

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

check dimensions

Min. bound-  minimal check value which is accepted for the optimal configuration of

ary check the structure

Max. bound-  maximal check value which is accepted for the optimal configuration of

ary check the structure

Width fiiter Used tolerance for width parameters

tolerance

Thickness

fiter  tol-  Used tolerance for thickness parameter

erance

Min  slen- minimal slenderness of the flange of the cross-section

derness

Max ~ slen- maximal slenderness of the flange of the cross-section

derness

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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B/T|5 |68 [10]13]16]19]|22|25[32(38 44 ]
wEEeErEE @ E 880 0)
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« Thereddotin 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.

« Inaddition to the previous tolerance, the flange slenderness limit set in the relative limitations is accounted for. Thisisillus-
trated in the picture by the inclined line.

« Thefinal set of flange geometries taking into account both the tolerance and the slenderness limit is shown in the picture
ingreen.

When allvalues are set for each optimized cross-section then the overall Autodesign can run.

)
Itis not recommended to use the flange optimization only. In that case the | cross-section is

transformed to flange cross-section which isa 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 respect-
ively.

Initial Optimized

e [Fores | Wapingines] Sheaty] S

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.
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Overall Autodesign

Froperty Parameters 1~ Picture —
MName 01 Dimension list ft vi
Type of loads Combination‘:] Optimized CSS  |CL1 - hwr vi
Combinations ULs L] Optimal check 0.95
Autodesign type | Fram Min check bou... |0.85
ftems count 8 Max check bou... |1

Dimension fiter ... | 0.3

Flangesto opti... | Both ﬂanges:_l

>
E;ame-ﬂange thickness autodesign CL1
A

Femove 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 dimen-
sion filter tolerance is set to 0.3. There isonly one property different for the web and flange Autodesign:

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

When allvalues are set the dialogue looks like this
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® | Dverall Autodesign

Fl_thick
Type of loads Combinations
Combinations LS
Autodesign type Frame-flange thickness autodesign
ttems count g
Autodesign item ftem 1
B Autodesign item
Dimension list ft | ..
Optimized C55 CL1 - bwm (400; 12; 300; 12; =] ...
Optimal check 0.95
Min check boundany 0.25
Mz check boundary 1

CL1

Mew | Insert | Edit | Delete | Cptim. Routine Autodesian all Calculate Close

Itis 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.
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'8 | Overal Autodesign preview

_I_ i I\I H% B 200 % - \_lﬁ_lﬁ_l T default - _I“ default - B#
1. FI_thick =
Type Name Dimension list | Optimized CSS | Optima | Min check | Max check | Dimension | Flanges
check boundary boundary filter to
tolerance optimize
Frame-flange thickness autodesign CL1 | ft CL1-1Iwn (412, 10,95 0,85 1 0.3 Both
12; 300; 20; flanges
200; 20; 372; 0)
Frame-flange thickness autodesign RL1 | ft RL1 - Iwn (412, |0,95 0,85 1 0,3 Both
12; 300; 20; flanges
200; 20; 372; 0)
Frame-flange thickness autodesign RL2 | ft RL2 - lwn (412; | 0,95 0,85 1 0,3 Both
12, 300; 20, flanges
200, 20, 372, 0)
Frame-flange thickness autodesign RL3 | ft RL3 - Ilwn (412; | 0,95 0,85 1 0,3 Both
12; 300; 20; flanges
200; 20; 372; 0)
Frame-flange thickness autodesign CR1 | ft CR1-1lwn (412, 10,95 0,85 1 0.3 Bath
12; 300; 20; flanges
200; 20; 372, 0)
Frame-flange thickness autodesign RR1 | ft RR1 -lwn (412 1095 0,85 1 0,3 Both
12; 300; 20; flanges
200; 20; 372, 0)
Frame-flange thickness autodesign RR2 | ft RR2 - lwn (412, 10,95 0,85 1 0.3 Bath
12; 300; 20; flanges
200, 20, 372, 0)
Frame-flange thickness autodesign RR3 | ft RR3 - lwn (412, 10,95 0,85 1 03 Both
12; 300; 20; flanges
200; 20; 372, 0)
1 Max check boundary < _ﬂ J

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

rope
Bucking ediat
Bucklngyy

Piouae [Fore | Wapigines] Shesry] Sheaz] oo ies] Sfenes

Piotue [Fore | Wagines] Sheary] Shearz] Cone s Slenr

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 framesis OK
and the SLS design stops. Otherwise the program starts a new Autodesign loops. The program checks both horizontal and
vertical deflectionsin allnodes. The following picture shows an example of typical critical nodes of a simple frame.
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Froperty Parameters — Picture
Name a1 Autodesign No
Type of loads  Class | [coef-h1m2=c... |1

Class AISLS «|..| | exp-hlh2=co.. |05
Autodesign type | Frame-deflec... Member list B1B2B3B4 ..
ttems court 1 Add members b...

5l
o

1. Hall deflection autodezign

Remove Item Add item

Autodesign Calculation | Cloge I

There are different properties for this kind of Autodesign:
coef — h1/h2=coef*(check*exp-1)+1
the value used for the optimal design of CS based on the limit deflection (see formula)

exp - h1/h2=coef*(check*exp-1)+1
the value used for the optimal design of CS based on the limit deflection (see formula)

Itis necessary to use a class as a type of load, otherwise the frame-deflection Autodesign
will not work correctly.

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

Deflection down =1000mm (criterion will not be used)

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

Mods | Horizontal deflection mm] | Deflection up fmm] | Deflection down [mm]
1 |N2 v |60 1000 1000
2 |N6 » &0 1000 1000
3 |TEEEN ~| 1000 150 150
- N6 +|00 0.0 0.0
)4 Cancel

When allvalues are set the dialogue looks like:
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® | Dverall Autodesign L[

A eBk & &
Drefl

Type of loads

Clazs Al 5LS

Autodesign type Frame-deflaction autodesign
ttems court 1

Autodesign item ftem 1
B Autodesign item
Autodesign Mo
coef -h1/h2=coef*(check "exp-... |1
exp - h1/h2=coef*{check "exp-1)... | 0.5
Member list B1BZB3 B4 B BE BT BE

Mew | Insert | Edit | Delete Cptim. Routine Autodesian all Calculate Close

The results preview is printed.

L e | T defautt - (& = defautt

Type Name [ Autodesign | coef - hi/hZ=coeficheck™ "' | exp - hi/hz=coeficheck™ """ | Member list
[Hal deflection autodesign [MNo [ o5 |B1B2B3B4B5BE BT B |

F!eady [e=] I _'I | |

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.
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raII Autodesign

Froperty Parameters - Picture —
Name 01 Member list B1B2B3E..
Type of loads Class _.:] Add member... _]
Class Al 5LSs | ... Bl Height a...

Autodesign type Enable E yes

ltems count 1 Max NO iter...| 10

Web thic__.

Enable Ed yes

Max NO iter...| 10

Web thic__.

Enable B yes

Max NO iter... | 10

Hange a...

| manager Enable Ed yes

Max NO iter... | 10

Hange a...

Enable E yes

Max NO iter... | 10

Both flan_..

Enable

Max NO iter...

Both flan_..

Enable

Max NO iter...

Outer fla...

Enable

Max NO iter...

Outer fla...

Femove ltem Add item Enable

Autodesign Calculation ] Cloze |

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

Member list
selected members (read only)

Name of the check

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)

Enable
option, if this check should be considered on Autodesign or not

Max. NO iteration
maximal number of iterations used for Autodesign

When allvalues are set the dialogue looks like
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#  Overall Autodesign

Pt Wl

Ky

= S SHE A

01

The results preview is printed

MName
Type of loads
Class
Autodesign type
ftems count
Autodesign item
B Autodesign item
Member list
Height autodesign
Enable
Mz MO iterations
B Web thickness autodesign
Enable
Max MO iterations

B

o1

Class

Al SLS+ULS
Frame-autodesign manaager
1

ftem 1

B1 B2 B3 B4 BS B6 BY B3

E yes
10

B yes
10

B Web thickness autodesign...

Enable

Mz MO iterations
Hange autodesign
Enable

E yes
10

Cptim. Routine
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d@igall =l

1.1

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

Member list R1 R? A1 R4 RR HR R7 RA
B Ready [en] a | L T
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SCIA Optimizer

Introduction

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

About SCIA Engineer Optimizer

SCIA Engineer Optimizer is an example of a new generation of software for the design of structures. Itis software which cal-
culates 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 civilengineering structures.
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Scia Engineer
(analysis software)

Improved

model
(XML input)

Results
(XML output)

EOT
(optimization
algorithm)

Optimal

design

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. Des-
pite the complexity of the general optimization, the optimization processiitself 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, itis 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
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optimized, what means, which properties or parameters of the structure are to be changed to reach the optimum: geo-
metry, 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.

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 fulfiling the capacity according to for 15t 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.

Structure modelling

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 neces-
sary aspects of the future optimization taken into account.

Run SCIA Engineer and create a new project of the Analysis type.
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Structural
Edition

E mpty Scia Engineer project.

Cancel

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

. G
Project data (-
Basic data | Functionality I Loads I Protection |
Data Material |
Mame: Steel truss girder e =
Steel &
e Material 5355 v||
Part: Optimization Timber Bl
Cther O
Description: i Alumirium £
Author: 3
Date: 13.12.2011
Code
Structure: Mational Code:
| General XYZ x| [ (Ec-en -]
Project Level: Model: Mational annex:
[ Advanced ~| [one »| [l [standad En -]

| oK || Some |
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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=10mm
CS2:D=50mm,t=8mm

o =y
I_:. Cross-Sections -5

e BRI e & -l A -7 |
CS1 - Tube (70; 10) [Name [cs2 3 i
52 - Tube (50: 8) Type Tube L

Detailed 80 8 =
E Parameters
Material 5 365
D [mm] 80
t [mm] 3
B General
Drraw colour MNomnal colour ;I
| Calour [ 1
Fibre text zoom 10
Properties editable O -

ns

[New | inset |[_Edt. ][ Delete | | Gose

Create the structure according to the following scheme and table:
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1000 I 2000 2000 g 2080 2000 |
=
el
oy
L, 2000 | 2000 [ 2000 | 2000 | Zca |
A A A A A Pl
Name CrossSection Material |Length Shape Beg. node | End node Type FEM type
[m]
B1 C51 - Tube (70; 10}| 3 355 2000 iLine M1 N2 general (0) | standard
B2 CS1 - Tube (70; 10)| S 355 2,000 |Line N2 N3 general (0) | standard
B3 C51 - Tube (70; 10)| 5 355 2,000 | Line N3 M4 general (0) | standard
B4 CS1 - Tube (70; 10)| S 355 2,000 |Line N4 NS general (0) | standard
B5 CS1 - Tube (70; 10)| S 355 2,693 |Line M1 NG general (0) | standard
B6 CS2 - Tube (50; 8) | S 355 2693 |Line NB N2 general (0} | standard
B7 C52 - Tube (50 8) |5 355 2,693 |Line N2 N7 general (0) | standard
B& CS52 - Tube (50; 8) |5 355 2693 |Line N7 N3 general (0) | standard
B9 C52 - Tube (50 8) |5 355 2,693 |Line N3 NE general (0) | standard
B10 CS2 - Tube (50; 8) | S 355 2693 |Line N8 N4 general (0) | standard
B11 CS2 - Tube (50; 8) | S 355 2,693 |Line M4 ME general (0) | standard
B12 CS2 - Tube (50; 8) | S 355 2693 |Line N9 NS general (0) | standard
B13 CS2 - Tube (50; 8) | S 355 2,693 |Line NS N10 general (0) | standard
B14 C51 - Tube (70; 10)| S 355 2693 |Line N10 N11 general (0) | standard
B15 CS1 - Tube (70; 10)| S 355 2,000 |Line MN11 MG general (0) | standard
B16 C51 - Tube (70; 10)| S 355 2,000 |Line N10 e} general (0) | standard
B17 CS51 - Tube (70; 10)| S 355 2000 | Line NS MG general (0) | standard
B18 C51 - Tube (70; 10)| S 355 2,000 |Line ME NT general (0) | standard
B19 CS51 - Tube (70; 10)| S 355 2,000 |Line N7 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.
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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.

Ao S EE A

LC1 MName LC
Description

Action type Permanent
LoadGroup LG1

Load type Standard

-
| Actions

Delete all loads
Copy all loads to anather loadcase

| New || inset || Edt | Delete |

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

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.

026
0.38
Q.38

[Lavg

e

&7
[,
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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.

Main o X

..... Project
1# Line grid and storeys
88 BIM toolbox
2 Structure
{ﬁﬂ Load
#-4E Load cases, Combinations
EIEI Calculation, mesh
Check structure data
-2gb Connect members/nodes
----- J#* Mesh setup
----- J#* Solver setup
----- @ Local mesh refinement
i@ Mesh generation
----- Calculation
----- E Hidden calculation
* Autodesign
bl Results
----- % Steel

----- [® Open connection
----- (& Document

i€ Drawing Tools
w-B Libraries

-3 Tools

=1

Autodesign can be used for various purposes. The Cross-section steel check will be used in this case. This Autodesign func-
tion 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
willbe improved at the same time.

Prepare a new entry (called O1) in the Overall Autodesign library. Select both cross-sections (CS1 and CS2) in the selec-
tion 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 willkeep a
fixed ratio between D and t. Advanced Autodesign is used for this.
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Value Autodesign | Related to |

OMNe [t j

EE-YE-S | Mo

Name
| Selector switch
iT}_'p_e of loads
Load cases |
Autodesigntype | Crosssections stee] check
| kems court |2
| Autodesign item
El Autodesign item |
Cross-section €51 - Trubka {?ﬂ 11]}
:_-F‘;‘:uamé:{er Advanced Autodesign
| Edit advanced .Pu.rtn...‘:
D1rec:t|or1 Illp_and.c.h:uwn
Maimal check [] | 1.00
Autodesign check [ |0.69
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Value

Autodesign | Related to |

|00 No It
H Yes Mo

-

(Name

| Selector switch

| Type of loads

Load cases

Autodesign type

| ltems count

Autodesign item

= Mmm item

Cross-section
Faameter

'Direction
Maximal check []

|C52- Trubka (50: 8)
_' Advanced Autodesign
|Edit advanced Auto... |

Illp_and'dc:wn
[1.00

Autodesign check [] |0.62

Itis not needed to do the Autodesign at this moment. EOT application will use this stored setting afterwards.

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.
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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.

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

Cymamics O B Steel

Initial stress O Fire resistance O
Subsoil O Connection modeller O
MNonlinearity O Frame rigid connections O
Stability O Frame pinned connections O
Climatic loads O Grd pinned connections O
Prestressing O Bolted diagonal connections O
Pipelines O Expert system O
Structural model O Connection monodrawings O
z Scaffolding m
Mobile loads O LTE 2nd Order O
Automated GA drawings O ArcelorMital O
LTA - load cases O

Extemal application checks O

KP1 application O

Property modifiers O

[ ok || some |

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).
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Tools Modify Tree Plugins  Setup

Activity r
selections »
uUcs L4

1 Cursor snap setting
i Dot grid and tracking setting

Layers

E User defined selections

o

. Parameters template settings

. Cleaner

. Coordinates info
¥MLIO Document

Convert Steel Profile Db

A LB A

MName
Type
Description
Evaluation
Walue Jm]

Use range

Prepare three parameters which will specify the Z coordinate of nodes of the upper chord. As we need a symmetric struc-
ture three parameters will be sufficient. The type of parametersis set to Length, Evaluation to Value and the default value is
2.5 matthe 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.
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Properties 1 x
Node (2) LRV
B
B GCS coordi...
Coord X [m] |
Coord ¥ [m] 0.000 i
Coord Z [m] |E -

Bl |UCS coordi... |nsert valus
Coond ¢ [m] zl
Coord uy [m] ﬁ

Coord uz [m] S

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

B GCS coordi. ..
Coord X [m]
Coord Y [m] 0,000
22

B UCS coordi...
Coord ¢ [m]
Coord uy [m] | 0.000
Coord uz [m] 2500

{4 |44

Select the inner nodes N7 and N9 and change their Coord Z to 22.

B GCS coord...
Coord X [m] 5.000
Coord Y [m] 0.000
z3

B UCS coordi._.
Coord wx [m] 5.000
Coord uy [m] 0.000
Coorduz [m] | 2,500

Lefe]

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.

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.
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SCIA Engineer has a tool for creating XML documents in a similar way as the basic SCIA Engineer output document. Go to
Tools > XML 10 Document and a new window appears.

Tools Modify Tree Plugins Setup

. Activity 3
[ Selections ¥
s L

1 Cursor snap setting
‘ Dot grid and tracking setting
;A

—3 Layers

E User defined selections

Parameters
Parameters template settings

. Cleaner

. Coordinates info
i & Mo Document |

Convert Steel Prafile Db

DO Defaul REBE& | H0 =0 | T deraun
. dp Default

Jescription Default

Embed documert ... |0
Language | Anglitina (Spo;
Pictures alignment | Left

Header template default

Edit header templ...

Title page template | ™ no template
Edit ttle page tem...

Footer template default

Edit footer template

First page number | 1

First chapter number | 1

Chapters numbers | Al

Chapters captions | All

R

-

-

Lele

Full regeneration of docum... _ >>>
Refresh of documert S
Load settings e
Save settings B

Load template x> Ready [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.

-350-



SCIA Optimizer

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.

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.

- ~ - _ ) _ i
# ° XML Input / Qutput Document - - - — |Ml
IM - Default &) B BS irl_lﬁ 0 = woz - | | T deraunt - B

=4 Default

1. Parameters

e Usiqu il Type | Evawson | Use rangs | vawe

= [CATEFCE S0E-6 0911 30E30FOCALTED, |Lengh [vake ke P ] Project

25 :
m  |{SEEFEEACEABIEATIIIFFON]  |Lemgh |vake (ke mea

= [ Setup manager
Z |{POACID-FFEADFSMEBCATESI]  |Legh |vake (ke o

Layers
ross-sectons

[l ] Material EC

| [T Materials
Description Default Mucs

Ml Embed document ... O

Ul Language Anglictina (Spa_v | @ Sets

'l Pictures alignmert | Left =] ® Sy
Headertemplate | defautt d " R
Edit header templ.... B & e
Title page template | = no template_v | )
Edt title page tem... = -4 SGB g Scaffolding
Footer template default d - @ Special
Edit footer template e @ Steel i
First page number | 1 - @ Aluminium
First chapter number | 1 -4 Custom check
Chapters numbers | Al Rl -4 Pipeline
Chapters captions | Al ;]

]

Full regenertion of docum... _ >>>
Refresh of document B
Load settings By
Save settings B
Save template S Fready [en]

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.
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Save settings

First page number | 1 Load template

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

Full regeneration of docum...

T
Refresh of document 22>
Load settings L
Save settings >
Load template R Heady [en]

o e e e l = | = |
XML Input / Output Document |
our - = BEBS |20 =i -0 b | T detaut =
""" M ! —
—N—- - T
) a _}
! A LB 9 c|a
IN - Default MNeme ~ JouT
W OUT - Description
Embed document tem... |0
Language Anglictina (Spojené staty) jasl

:I Pictures alignment Left o

Descrption Header template default d
II o Edit header template e
Il Eed dacument; = Title page template ** no template == -

Language Angictina § Edit title page template =

Fxchros chrimerd, || Lot Footertemplate default =)

Header template default - ol

Edit header templ....

- i

I Tile page template no ey Full regeneration of document

Edit title page tem... P oati o o

Footer template default ol e

Edit footer template

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

M

OUT - Diefault
o--d¢ Default

Bill of material from the Results group

Check of steel from the Steel group (this has to be input twice — 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-sec-
tion and the first and the second item differ in this setting only.
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& XMLInput / Output Document

Ji

1 OUT - Default | QUT - Default ouT - Default - E]
1 =@ Default =@ Default E\. Default
..m ‘.3 Bill of material ----- EA Bill of material
By Check of steel - ----- By, Check of steel
h Check of steel & h
Name Bill of material Name Check of steel Name Check of stesl
Caption Bill of material Caption Check of steel Caption Check of stesl
Visible E yes Visible E yes Visible H yes
Joint tables O Joint tables O Joint tables O
Selection All LI Selection Al Selection Al ;I
Filter No hd Type of loads Load cases Type of loads Load cases hd
Type Cross-section hd Load cazes Ll Load cases Le hd
Values Mass _v_| Fitter Cross-=section Filter Cross-section LI
Cross-section (51 - Tube (70: 10] Cross-section +C52 aube (50,8~ 1
Values un .checlk Values un.check -
Extreme Member Extreme Member d
Output Brief Output Brief Bd
Section Al Section Al |

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.

Optimizing tool

L]
SO
SCIA Engineer Optimizer is a part of standard setup version. It means that it is installed on your computer together with

SCIA Engineer. You wil 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 modelloading 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.
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P

'F Untitled - EOT

File Edit View Help
NEH @
. 4 SCla Engmeer project ink:
Analysis Settings
Scia Engineer project link Scia Engineer Project File [ & MPl I
Linear analysis - =
‘[w Iﬁ c ME
XML Input Document it Use Auto Design: @ M_SQRT2
Formulas ]

‘\y XML Output Document

o anatysis || [ -]
a [ Load Input/Output Parameters ]

User Solution
7 : | |
4 7 Xy input Parameter;l {_ Output Parameteu‘ 3
Optimization in progress | [—
Scia Engineer Name User Name Scia Engineer Type Initial Value Size Use
Sel/Desel Al
Result
Ready CAP NUM SCRL
=

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

Furbon
Anatyss Sethngs
C:\WserslipodvaliDocussen BESAL TpragectiSteel s g 5 | (Lesr Caladation z)
WML [Aput Desoumnt Use Auito Desgno
h - #o1
32l Dustpast Dosoumerit
T —— v
! Load InputfOulput Parame bers

If necessary wait a few second to initiate the SCIA Engineer project file.

Once the project is loaded, the input and output documents are ready to be selected from the list of available XML doc-
uments. Usually, only the output document has to be switched asit is the second one from the offer.

cia Engineer project link

Sia Engineer Project Fie M"‘“ il
CiimersimodvallDocument ESA L lprajectitenl mums ge [ [one™ Caloulaton z)
ML Input Document Use Auto Design:

. BE)| BREED

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).
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= Scia Engineer praject link

[ |
:

Furcton
Sna Ervgerabed Praect Fie :H-F.m y & M_Pl
- ek sl Prstyrrents (54 1 1grsiect el Muss gr [ ] | © ME
WM gt Dosment Kiod At Dt & M_SGRTY
ln -: e=1] ] —
M, s Demend =l 1}
[ 2 - | -
b |
= e man
1 Losd irptumt b ame ey 1 = Mati_min
= Surlace_man
i Surfgce_min

= Yolume_max k
= Velurme,_min
= Lnibmass_mran

B
L
STt | [ie Unienass_min
i
o
o+

L] l)'l gt Paramrtert hﬁwhmnl
S Engneer Hame LUsar Mo Seia Enginsed Typs Il Vot Sue

25600
25E-00
25E00

= Length_mas
= Length mim

Fil
a2

] )

e
& H

%

i L DT S_Y
= Unvobomeman: mr
=

- i min

= e

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.

SCid Engineer projectlink

Fumcbar
Scia Enginees Project Fie Anaiyss Settrgs
Cisars podval Documents \ESA Y 2 prapctStes] st ge | oew Coladeton =]

[o = [Eer
& 3
b LoedinputfOumpet Paramesers |

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.

cin Brigiater Preject Al el
ey it Docments ESA L Tprapectioe buss g [ (Uoes Cakoason
ML, Tnput Dicsoumnt st Desgn:
[m u i [EZH
ML Qutput Documentt
[out -
L leadlrpyCupuiPasses |

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.
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|n-’/£rllllkkkkkkkkkk&&&k&kkk&k&k&k&k&kiiﬁﬁﬁlilllkkkkkkkkkk&&&k&k&izk =

// Use directive on start line:

/{ const - For constant variable

// wvar - This variable can be optimised

// without directive - dependent wvariable,

// Esa input parameters can be defined as dependent

// Characters after // are ignored, use for any notice
Environment is case sensitive!!

// Suported function:

// &bs,max,min,average,sin,cos,tan,tg,arcsin,asin,arccos,acos

=

o
(= =T T T - L - T
s
e

// arctan,atan,arctg,arctan,ln,log,exp,sign,sgn, sqrt,int, floor

12i// ceil,frac,not // goniometric function are in radians

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

14// I
15// Example:

16//
17// const a =
i18// var b =
19// c=a+hb
20i// d = c"3 + 1n(a) + max(a:b:c)
21// Esa Input 1 = c * sin(M PI*d/180) // OK

FEagi:
-4.564e-5 // walue for initialize

22i// cost = 45 * Esa Otput 1 + 45.35 * Esa Output 2

23// Esa Imput 2 = 2 * cost // !! Error !! Cyclic Dependency

24i// See Environment Help for more inforamtion

o R e e e T T T T

26// Place here your user Function:

27 -
A [l s
= Formulas are O == -
1 b

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

Optimization analysis

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

Allindependent 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
same as omitting it. We decided to remain the top level of the girder, thus z3 is constant.

*274 Optimization analysis

Independent Variablesl 'w Optimization [
User Name Inttial Value Minimum Maxdmum Step Constart
bzl 2.5E+00 1.E03 2.5E+00 0.
22 2.5E+00 1.E03 25E00 O] 0
23 2.5E+00 2.5E+00 2 5E+00 0.

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

4 ./// X.ﬂ Independent \J’ariab.lfe,r'l'w Optimization I b
Type of Strategy
[Nelder-Mead strateqy v] l Srateqy settings ]
Objective
iminimize ; v | Mass_max I ILRUN I ]
Constraint
T
1 seccheck_max <= 1
2 stabcheck_max <= 1
3 seccheck_max_2 <= 1
4 stabcheck_max_2 &= i
- o
|
Type of strategy
Type of Strateqy
I = -

aradient methad - SOF
kodified Simulated Annealing
Diferential Evolution

Melder-tMead strateqgy
One Parametric - Golden Section

There are 5 strategies implemented in EOT. Each strategy has its own specifications and is suitable for different examples.
Sometimes it is necessary to test more strategies, but the detailed discussion about the selection of the strategies is out of
scope of this tutorial. For our example select the heuristic method called Nelder -Mead strategy.

Strategy settings

i .
Strategy Settings. u

Nelder-Mead strateqy

Property Yalue
Max. fteration 100

Abs. tolerance F 1.00e-003
Abs. tolerance x 1.00e-003
p0 -2 [e-002

alfa

5.00e-002

beta

2.00e+000

K

1.00e-+000

This button enables advanced users to adjust the properties of the selected strategy. Leave the defaults.

Objective

The intention of the whole optimization is specified here. There are two extremes that can be determined — maximum or min-
imum. 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 reg-
ulations. The unity check of all members has to be lower than 1.0. There are two cross-sections and for both of them the
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section check and the stability check is considered. There are four constraints in total: the name is taken from the list of vari-
ables and the condition set is smaller or equal to 1.

The controlin the bottom window tells usiif all criteria are all right.

When ready, click button !l RUN !!

User Solution

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

Usersolution

| Resolve I

Save Project  Delete iz 22 T __objective _constrain_1 __constrain_2 _ constrain_3 _ constrain_4 Mass_max |
Delete All_|

Saveds | Delete |1 1.5E+00 2.3E+00 25E+00 229.832E+00 -804.218E03 -24.1081E03 -196422E03 257287E+00 229.832E
Savehs | Delete |2 1.4E+00 26E+00 25E+00 288.218E+D0 -795.583E03  -337.65E03 -313.83BE03 1.78433E+00 288 218E1I

Atypical 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.

Optimization in progress

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

” T : p:
, /7 Optimization|in progress
Scia Engineer project link || 4 Iﬁ Optimization repurtlam\ Sohations b
. --- Start Optimization --- e
Strategy: Nelder-Mead strategy - initialization successful B
Formulas Solve base of simplex
!i‘ Iter | objective | tolF tolx
Optimization analysis 11 520.8 | 1.70e+308 1.70e+308 | Expansion
2 412.7 | 1.14e+002 1.87e-001 | Expansion
- 3] 406.3 | 1.12e+001 3.44e-001 | Expansion
User Solution 4 | 401.6 | 5.18e+001 5.47e-001 | Internal contraction =
5 1 399.8 | 4.70e+001 3.40e-001 | Reflection
//‘/{ 6 1 385.3 | 4.52e+001 3.40e-001 | Expansion
i 71 354.5 | 7.44e+001 6.42e-001 | Reflection
Blimizztien N prooress 8 | 343.8 | 4.35e+001 6.42e-001 | Internal contraction
L 3 | 314.6 | 3.29e+001 3.40e-001 | Internal contraction
10 | 311 | 3.66e+000 1.88e-001 | Reflection
Result 11 | 3.722+4004 | 3.352+4000 1.88e-001 | Reduction
12 | 308.¢ | 3.69e+004 9,42e-002 | Reduction bl
13 1 308.2 | 1.86e+001 4.71e-002 | Internal contraction
14 | 308.3 | 1.85e+001 4.66e-002 | Reduction
151 308.3 | 1.86e+001 2.33e-002 | Internal contraction

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

T /77 Oplimization|in progress

Scia Engineer project ink || 4 /S Optimization repu)ra Al Sulutmnsl b

. __objective z1 22 3 _ constrain_1 _ constrain_2 _ constrain_3 _ constrain_4 Mass_max Mass_min Surfac +
1 524.413E+00 2.5E+00 2.5E+00 25E+00 -884594E03 -307.852E03 -B17.220E03 -307.862E03 524.413E-D0 345.958E:00 857
S 2 412712E+00  2.37505E+00 2.5E+00 25E+00 -858439E03 401254E13 772972E03  -40.1254E03  412712Es00 2775495400 751
)& 3 520.813E+00 25E+00  2.37505E+00 25E+00 -877582E03 -292501E03  -B08.75E03  -292501E03 520.813E-D0 346.18BE+D0 8.45
4 409.78E+00 237505E+00 2 37505E+00 25E+00 -850961E03 -179714E03 761682E03 -17.9714E03  408.78E-D0 277545E+00 7.44
Optimization analysis 5 406.332E+00 2.31257E-00  2.31257E-00 25E+00 -B47.241E03  -39.7656E03 F61.1D1E03  -39.7636E-03  4D6.332E-D0 276.288E+00 7.38
[ 405255E+00  2.18762E+00  2.43752E+00 25E+00 -857.745E-03 -123492E03 -783988F-03 123492603 405.255E+00 273 7IBEL00 737
- 7 401.559E+00 2.03144E-00  2.46876E-00 25E+00 -856.619E03 201905603 -B02069E-03 -201.905E03 401.559E-00 271.098E-00 7.30°
User Solution 8 394.857E+00 1.96896E+00 2.28134E+00 25E+00 -B49.508E03 -195.958E03 -790.373E-03 -195.958E03 394.857ED0 269.487E:00 7.1§
9 354532E+00 1.76592E-00 2.17201E-00 25E+00 -839.657E-03 240543603 -F30.352E-03  -146727E03  354532E-D0  265.95E+00 6.63
10 299.946E+00 1.48478E-00  2.32819E-00 25E+00 -805459E03  -30.654E03 -223.382E03  16461E-D0 229.946E-D0 207.693E:00 4.98
Ol aria NI B DaTRss il 281285E+00 1.07088E+D0  2336E+00 25E+00 825055603 -240.332E03 -508.133E-03 240332603 281285E+D0 2597556400 537
12 399771E-00  2.10563E-00  2.31648E-00 25E+00 -850.295E03 -140.975E03 -FB0.244E-03  -140.975E03 399.771E-D0  272.027E+D0 726
3 355.894E+00  1.69173E+00  2.32425E+00 25E+00  -8546E03 -317984E03 764.178E-03 -317.984E03 35589400 265318E+00 667
14 385.348E+00  1.84011E-00  2.01972E-00 25E+00 -828.856E-03 20053803 -775.819E-03 200538503 3B5.348E-D0  267.442E+00 6.97
Resut 15 378591E+00  1.74444E+00  1.7952E+00 25E+00 -8D6773E03 -190693E-03 75757903 -190.633E03 378591E-D0 26678SE+00 6382
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The bottom status bar shows the progress, total time, average time per one solution and there are also two important but-
tons for pausing or stopping the optimization.

Emfr of 5da Engineer o3 -_I Time : 14:45  Avq. time per solution : 00:16.6 o ] [ Stop

Result
If the optimization is successful, no signal appears at the end.
There are three tabsin 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.

Result

4 J/I‘/E Optimization Protocoll j{ Best Solutions i a All Solutions I
34 | 289.3 | 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 | 1.16e-002 1.27e-003 | Reflection
38 1 289.3 | 1.13e-002 1.27e-003 | Internal contraction
L | 289.3 | €.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
46 | 289.3 | 1.40e-002 3.67e-003 | Internal contraction
47 | 289.3 | 9.60e-003 2.42e-003 | Expansion
48 | 307.8 | 1.43e-002 3.43e-003 | Reduction
49 | 307.8 | 1.86e+001 1.72e-003 | Reflection =
20 1 307.8 | 1.86e+001 1.72e-003 | Reflection
e I | 307.8 | 1.86e+001 1.72e-003 | Reduction
52 1 307.% | 1.86=+001 8.58e-004 | Reduction
53 | 307.8 | 1.86e+001 4.29e-004 | Internal contraction
54 | 307.2 | 1.86e+001 4.29e-004 | Reduction
LT | 307.8 | 1.86e+001 2.14e-004 | Internal contraction
56 | 307.8 | 1.862+001 2.14e-004 | Reduction

COptimization task has converged !!
--- BStrategy 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 asinitial ones and run a new optimization (Set Initial button).

Result
E Optimization Pmtocor;ﬁ\ Best Solutlcmsl a All Solutions 3
Sa\re Project Set initial __objective z1 22 3 _constrain_1 __constrain_2 _ constrain_3 _ constrain_4 Mass_max
| SaveAs | 1 281.285E+00  1.07088E+0D 2.336E+00 25E+00 -825055E-03 -240.332E03 -508.133E-03 -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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Save Project  Set initial

Save As I Set initial 1
Save As | Set initial 2
SaveAs | Setinitial 3
Save As | Set initial 4
Save As | Set initial 5
Save As | Set initial 6
SaveAs | Setinitial 7
Save As | Set initial 8
Save As I Set initial -]
Save As | Set initial 0
SaveAs |_ Setinitial 1
SaveAs | Setinitial 12
Save As | Set initial 13
Save As | Set initial 14
Save As | Set initial 15
SaveAs |_ Setinitial 6
Save As I Set initial 17
Save As | Set initial 18
Save As | Set initial ]
SaveAs | Setinitial 20
Save As | Set inttial 21
Save As | Set initial 22
Save As | Set initial 3
SaveAs |_ Setintial |24
SaveAs | Setinitial 25
Save As | Set initial 26
Save As | Set initial 27

Cawvale | Catimizl |70
1

<

_ |y )
4 E’Optlmlzatlon Protocol | % Best Solutions

__objective
524.413.E+00
454 089.E+00
520.813.E+00
450.258.E+00
446.141.E+00
405.255.E+00
401.559.E+00
394.857.E+00
354.532.E+00
247.254 E+00
281.285.E+00
336.036.E+00
666.009.E+00
357.442. E+00
279.106.E+00
279.106.E+00
336.036.E+00
500.105.E+00
228.245.E+00
406.648.E+00
280.088.E+00
320.967.E+00
338.828.E+00
457.571.E<00
280.958.E+00
327.655.E+00
327.655.E+00
ANR £RE Fanin

z1

2.5.E+00
2.37505.E+00
2.5.E+00
2.37505.E+00
2.31257 E+D0
2.18762.E+00
203144 E+00
1.96836.E+00
1.765932.E+00
1.48478 E+D0
1.07088.E+00
805.366 E-03
19233 E03
1.72452 E+D0
1.11188.E+00
1.11188.E+00
805.366 E-03
416.845 E03
1.42865.E+00
T4 NTED
1.03138.E+00
1.4389.E+00
764.366 E-03
427 093.E03
1.27027 E+D0
933 E03
933.E03

TEA IEE FN1

All Solutions

z2 z3
25.E+00
25.E+00
2.37505.E+00
2.37505.E+00
2.31257 E+00
2.43752.E+00
246876 E+00
228134 E+00
2.17201 E+00
2.32815.E+00
2.336.E+00
2.03925.E+00
1.82443 E+00
2.36138.E+00
214663 E+00
2.14663.E+00
2.03525.E+00
2.31062.E+00
2.20666.E+00
227597 E+00
224131 E+00
2.15332.E+00
2.22862 E+00
226328 E+00
2.17664.E+00
22113 E+00
22113 E+00
7 IINET Fai

25E+00
25E+00
25E+00
25.E+00
25.E+00
25E+00
25E+00
25E+00
25E+00
25E+00
25E+00
25E+00
25E+00
25E+00
25E+00
25E+00
25E+00
25.E+00
25E+00
25E+00
25.E+00
25E+00
25E+00
25E+00
25E+00
25E+00
25.E+00
3R ELNN

__constrain_1
-884.554 E-03
-858.841 E03
-877.582.E03
-854.525.E03
-850.962.E03
-857.745.E03
-856.619.E03
-849.508.E03
-839.657.E03
-812.173.E03
-825.055.E03
-820.973.E03

42054 E03
-855.011.E03
-831.447 E03
-831.447.E03
-820.573.E03

-709.05.E-03
-795.825.E03
-806.555.E03
-835.307.E03
-841.504.E03

-783.63.E03
-718.059.E03

-833.35.E03
-828.307.E03
-828.307.E03
214 77 EM

__constrain_2
-307.852.E-03
-65.9843 03
-292.501.E03
-56.3482.E03
-78.7781.E03
-123.452.603
-201.905.6-03
-195.958.6-03
-240.543.E03
-61.5762.E-03
-240.332.E03

12.1024.€03
-152.422.£03
-311.382.603
-273.507 €03
-273.507.E03
12.1024.E03
-88.1407.E03
11.0937.E03
-275.061.£03
-263.303.603
-377.898.603
5916382603
-102.714.E03
-335.314.E03
-38.1606.E-03
-38.1606.E-03
2294 R F

__constrain_3
-817.222 E03
-825812 E03

-808.75.E03
-817.199.E03
-816.791.E03
-783.988. E-03
-802.069.E03
-790.373.E03
-730.352.E03
-559.455.E-03
-508.133.E03
-537.992 E03
-216.476.E03
-TE3.T73ED3
-435.405. E03
-439.405.E03
-537.992.E03

-709.05.E03
-196.347 E-03
-389.505.E03
-514.401 E03

-693.45.E03
-410.718E03
-718.059.E03
-311.659.E03
-106.769.E-03
-106.765.E-03
418 MR FN1

__constrain_4
-307.852 E03
-659.9843 E-03
-292.501 E03
-56.3482 E03
-78.7781 E03
-123.452 E03
-201.905.E03
-195.958 E-03
-146.727 E03
£1.9762 E03
-240.332 E03

12.1024 E03
816488 E03
-311.382 E03
-273.507 E03
-273.507 E03
12.1024 E03
-88.1407 E03
2.05547 E+00
-275.061 E03
-263.303.E03
-377.858.E03
91.6382E03
-102714 E03
-335.314E03
-38.1606.E-03
-38.1606 E-03
2724 R .M

o
5
2

m

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
ilustrative graphs to demonstrate the optimization process.

D = 7 G H I J K L M N o RS i U V. W X 7 z
1|z2 23 D1 D2 __constrai _constrai__constrai__constrai Mass_ma seccheck_stabcheck seccheck_stabcheck_max_2
z 25 25 0,07 005 -0,88469 -0,30785 -0,81722 0,37067 5244128 0115406 0692148 0,182778 0629337 0,692148
3 25 25 0,07 005 -0,88486 -0,33765 -0,82265 -0,41363 6208326 0116138 0,66245 0177463 0,586374” 066245
4 2456 25 0,07 005 -0,88216 -0,30241 -0,81421 -0,36393 623,0602 0,117846 0,697591 0,186785 0,636071” 0,697691 550
5 25 26 00685 005 -0,38218 -0.27006 -0,81733 -0,36444 6167639 0117825 0,729943 0,182669 0,636568” 0,729943 e
6 25 25 007 0049 -0,88423 -0,30471 -0,81286 -0,33394 50,1639 0,115765 0,695289 0,187142 0,666059” 0,695289 o0
7| 24778 25 006925 00495 088247 030399 081625 036377 £154902 0117531 0.69601 0183743 036227 069601 Baso ™
8 | 246626 25 0068875 004926 088138 -0.29074 081678 -0,36663 5110585 011862 0709264 0184224 06333717 0,709264 =3 I""w\
9 | 2473281 25 0069672 0049781 -0.30836 081566 -0,36262 §19.9882 0.117241 0,691642 0184335 06373797 0691642 El
10| 2492441 25 0,069631 0,049754 032116 -0,81898 -0.38613 518,779 0.115907 0,678836 0,181017 0613675 0,678836 o
11| 2491497 25 0,069585 0.049348 -0.30602 081491 035282 518.2764 0.116866 0,693982 0185091 06471777 0,693982 gm, ilh”‘ A
12| 2480414 25 006941 0049685 -0.88277 -0.29631 -0.8162  -0.363 517,9728 0.117228 0703689 0.183795 0.637002” 0.703689
13| 249468 25 0068886 0.049491 -0.88278 -0.28695 -0.8173 -0.36809 5139579 0.117217 0713052 0182701 06319077 0.713052 500 Hy
14| 2476639 25 0068554 0049387 -0,88079 -0.25883 -0.81312 -0.33469 5127505 0.119212 0741174 0.186875 0.665308” 0.741174
15| 2470155 25 0068085 0043613 -0,88009 -0.26319 -0.81631 -0.36147 5104848 0119906 0736813 0183694 06385347 0,736813 250 . . .
16| 2.476108 25 0067597 0049541 -087941 -0.24413 0.81507 -0.34628 507,0398 0.120593 0755865 0,184934 06537187 0.756865 0 100 150 200
17 2473955 25 0066691 0049469 087765 021167 08145 033747 6015715 0122354 0738326 0185499 0662533 0.788326 Number of iteration
18] 2443499 25 0067602 0048959 -0.87775 -0.25143 -0.81244 -0.33761 5022248 0122248 0,74857 0.187564 0.862386 0.74857
19| 2.415249 25 0067153 0048439 -0,67544 -0.24168 -0.80988 -0.33015 4955412 0124563 0,758323 0190123 06698547 0756323
20| 2450291 25 0067072 0049358 -0.87763 -0.24648 -0.81644 -0.36936 4999614 0122367 0753522 0.183563 0.630644” 0753522
|21 2437116 25 0066331 0049343 -0,87597 -0.22717 -0.81816 -0.3809 4936341 0124034 0772829 0.181839 0.619098" 0.772829 18
22| 2446113 25 0065479 0.049542 -0.87421 -0.16689 -0.81493 -0,34942 4928501 0125734 0833107 0.18507 0.650584” 0.833107[
23 2436044 25 0063761 0049688 -0,8703 -0,10608 -0,81455 -0,33906 4837343 0129697 0,893915 0185451 06609257 0,893915 15
24| 2426152 25 0064118 0048917 087085 01254 -0,81346 -0,33362 4801702 0129451 0874605 0186545 06663797 0,674605 l
25 2402651 26 0062135 0048469 -0,86521 -0,04638 -0.81201 -0,31776 4651457 0134788 0,95362 0,187957 0,662242" 095362 e | t
26 2431384 26 0061867 0,049625 -0,86646 -0,0277 -0.8172 -0,34677 4697879 0133637 0972299 0,182797 06642347 0,972299 = 1l
27 2426326 26 0,089 0049607 -0,85967 0,089605 -0.81968 -0,34794 4536411 0140333 1089606 0,180321 0,662067" 1,089605 o
28| 2,379643 26 0060367 0049044 -0,86046 -0,00423 -0,8166 -0,3516 4548513 0,139542 0995771 0,183401 0,648504” 0,995771 £,
29| 2,332486 26 0067205 0048832 -0,84992 0,142017 -0.81789 -0,35749 4319318 0,150081 1,142017 0,182114 0,842505" 1,142017 >
30| 2450377 26 006611 0049362 -0,87376 -0,15688 -0,81497 -0,34176 489,787 0,126237 0,844115 0,18503 06582187 0,844115 i
31| 2403221 25 0061948 004915 -0,8662 -0.06272 -0.31602 -0,34836 4664197 0.134804 0937276 0,183982 0,651123” 0,937276 =i Y
32| 2,399533 25 0058534 0049073 -0,85633 0,159882 -0.81185 -0,28621 4487962 0.143671 1,159862 0.18815 0.7117877 1,159862 06 . . .
33| 2,380741 25 0054636 0.048937 05 0449409 080889 022132 42620 0165047 1449409 0,191107 07786857 1449409 N " 100 150 200
3| 242172 25 0064382 0.049276 087165 01475 081654 -0,36983 4824468 0.128449 0852502 0183459 06401677 0,852502 Number of iteration
35| 2408929 25 0060484 004914 -0.86178 0061226 -0.81338 -0.31163 4600281 0.136225 1,061226 0.186617 0.688366” 1.061226
36| 2.396444 25 0061385 0048521 -0.86384 -0.06098 -0.81654 -0.3581 4583367 0.136158 0939018 0183456 06419017 0,939018
37| 2376644 25 0060166 0.047935 -0.86033 -0.02236 -0.81782 -0.36708 4459118 0139668 0977636 0.182178 06329187 0977636

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!

Conclusion

If you save the selected result using button “Save As” (see picture above) and open the saved .esa file, you will get the cor-
responding structure (see also attached file Steel truss girder_best.esa).
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The structure saved this way contains the status corresponding to the values of para-
meters. To getalso correct cross-sections, it is necessary to run Autodesign function manu-
ally!

Run linear analysis and Autodesign afterwards in SCIA Engineer. 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 ° Overall Autodesign [ |
A eBEk 9 S SE A Sl
01 [Name [o1
Selector switch O
Type of loads Load cases LI
Load cases LC1 L‘
Autodesign type Cross-sections steel check

ANOER

Set number of Autodesign iterations

(@ Determine autormatically

(7 Limit number of iterations

3

[ Mew ][ Insert ” Edit ][ Delete ] i Ciptim. Routine ” 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.

i F
oo S =

'%“ll% ] m 1w0% - | (A M | T defaurt -

1. Rutine st 1 *
14, o =
Cros s-oacion Taramar Driginal oross-Seclon | Auldesign of Orots-Sacdion | Auldstign oheo ik
H
51 - Tuoe (65, &) | Adanced Avodesign | CS1 - Thika (70, 10) | C51 - Tuk= (63, & 052
€52 - Tube {15.5) |Admnced Aundesign |CS2 - Tnioka (50 &) |C52 - Tume (153 055
2 Rufie st 2
Cros s-seogfion Farameaer Driginal oross-Seolion | AUooe sign of OM0OSS-Seclon | Auloos Sign oheok =
H
TS - Tuoe (55 5] |Admnoed Adodssin | CS1 - Tuoe (858 | C51 - Taoe (53 9) 0
€52 - Tube [15.5) |Aomnced Auodssign |52 - Tube (1.3) 052 - Twe (1503) 048
Ready [c3] 1 m | » -

Using function Bill of material you can see detailed output of mass related to each cross-section.

ap'sl
.98

@
D

[@]e (2 tallE /[ 5| ]
Preview a
DESBE|| B0 wws - MR T defautt - g =
Bill of material
Name Mass Surface Volume
k [mZ] [m=]
Total results : 28128 5379 | 3,5832e-02
(o113 Material | Unit mass Length | Mass Surface | Unit volume mass Volume
[kg/m] [m] [kg] [m?] [kg/m?] [m3]
CS1- Tube (63; 9) |S 355 11,96 | 21677 | 25976 4,290 785000 | 3,3090e-02
CS2- Tube (19; 3) |S 355 117 18,480 2153 1,088 785000 | 2,7426e-03
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Steel frame design

Getting started

Starting a project
Before you can start a project, you need to start the program first.
Starting the program
1. Double-click on the SCIA Engineer shortcut in the Windows Desktop.
or
2. Ifthe shortcutis notinstalled, click [Start] and choose Programs > SCIA Engineer > SCIA Engineer. If the program does
not find any protection, you will obtain a dialogue indicating that no protection was found. A second dialogue will list the

restrictions of the demo version. Click [OK] in both windows.

For this tutorial, you must start a new project.

Starting a new project

For this tutorial we have to starta new project. If the dialog Open appears, click [Cancel].

Clickon the New icon r in the toolbar.

Now, the Project data dialogue is opened. Here, you can enter general data about the project.
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Project data
Basic data Functionality Acdions Protection
Data
Mame: Frame
Part: | Draft
Description: Inner frame
Author: Author
Date: 27,02, 2017
Structure: Salver Madel
E" Frame XYZ |.v | Q Mexis
Model:
ﬁ One | = |

~ Material

Concrete

Steel W
Timber

Masonry

Other

Aluminium

~ Code

Mational Code:
“ EC-EN

Mational anneac:

n Czech C5M-EM NA

ok

(-]

G-

H Cancel |

In the Data group, enter your preferred data. These data can be mentioned on the output, e.g. inthe documentand on

the drawings.

. Select Frame XYZ in the Structure field.

. Choose Model: One.

. Click on the rectangular button —l

. Selecta National annex. For this example choose Czech CSN —EN NA.

In the Material group, select Steel.

Below the item Steel, a new item Material will appear - choose S355 from the menu.

On the Functionality tab choose the options Climatic loads.
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will determine the available materials, combination rules and code checks. For the project of this Tutorial, choose EC-EN.




Steel frame design

Project data X

Basic data Functional'i'ty Actions  Protection

Dynamics - | |2 | Steel

Initial stress ' Fire resistance

Subsoil Connection modeller
Monlinearity Frame rigid connections
Stability Frame pinned connections

"
Prestressing E
Pipelines
Structural model
BIM properties
Pararneters
Mobile loads
Autornated GA drawings
LTA - load cases
External application checks
Property modifiers
Bridge design

Grid pinned connections
Bolted diagonal connections
Expert system

Connection monodrawings
Scaffolding

LTE 2nd Order

ArcelorMittal

Girders with sinuscidal webs
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Project data >

Basic data Functionality |Actions| Protection

Acceleration of gravity 9,510 | m/s"2
~ Wind Load -
EA-ccor;:Ii-ﬁg.t.o code |Lr . | EC1/27500m/ /0
~ Snow Load -
:;&ccording to code [ll || BETLS Sk=0.85N/m"2 Ce=1.00Ct=1.00
~ Pond Load - | Seismic Combinations —
Model factor: 1,30 | Factor for concomitant components ; 0,30

OK-—|| Cancel

If you complete settings, confirm your choice by click on the button [OK].

© On the Basic data tab, you can set a project level. If you choose “default’, the program will
only show the most frequently used basic functions. If you choose “advanced”, all basic
functions will be shown.

[

On the Functionality tab, you choose the options you need. The non-selected func-
tionalities will be filtered from the menus, thus simplifying the program.

Structure definition

If you start a new project, the geometry of the structure must be entered.
Cross-sections, lists and matrices definition

Cross-sections

x
1. Clickon the Cross-Sections 1 iconin the toolbar.
The Cross-Sections manager is opened. If no profiles have been entered in the project, New cross-section window will
be automatically opened.
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-
MNew cross-section |

Available groups - Available itenns of this group |temns in project

1C Profile Library
3 Geometric shapes

oo TEHIT. AT
MTTTTIT & &
IJTTITT

o Welded
TT Sheet welded N
L Build-in beams

T Thin-walled geametric
T Fabricated

I

Profile Library filter | All cross-sections ;I Add Cloze
2. Click Sheet welded in the group Available groups.
3. Inthe Available items of this group, choose lwn profile fromthe list.
B | Cross-section |£|
[Name | column_1 -
Type lwr il
¢ BbA00 i = Dietailed 400; 12; 300; 12; 200...
o BH  Parameters
= Material 5355 ..
L Ba [mm] 400 L
tha [mm] 12 3
Bb [mm] 300
thb [mm] 12
Bc [mm] 200
the [mm] 16
8] ]
tha 12 = - Hr [mm] 72
|y g_ a [mm] 0
= = H General
an = Draw colour Nomal colour ;I
Colour 1
Fibre text zoom 1.0 _v_l
Properties editable O
Buchling editable E
Buckding vy b ;I
Buclding zz = ‘ﬂ
Fabrication welded ;I
= Edit named tems ___I
| Bc 200 | - AutoDesign constraints I=
. Export Update | Document |
Picture | Fibres | W arping Iines! Sheary! Shearzl Centre Iinesl Shiffener ok | Cancel |
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Setthe nameto CL1.
Confirm by clicking [OK].
Add in the same way cross-sections RL1, RL2, RL3, CR1,RR1,RR2 and RR3.

Click [Close] to close the New cross section dialogue.

© N o o b~

Click [Close] to close the Cross-Sections manager and to return to the project.

© It is necessary to define a unique CSS for each member else frame autodesign will not

work correctly.

Cross-section lists

1. Todefine CSSlists, use the option Main window—Libraries—Structure, Analysis—
Cross-section list

tﬁ Line grid and storeys
- 588 BIM toolbox

-5 Structure

-4 Load

L& Load cases, Combinations
EEI--- Calculation, mesh
----- f= Stesl

----- [ Open connection

----- @ Document

- Drawing Tools
[—]ﬁ Libraries

----- ) Materials

m

----- B named item
I'_—'Ig Structure, Analysis

----- g Concrete, reinforcement
----- ﬁ Subsoil, foundation
EEI---E Loads i

i= 1O

-368-



Steel frame design

2. Type of cross-section list dialog appears.

©® N o o~ ow

10.

"

B " Lists of available cross-sections |£|
e BE xS - A -V

-~

Type of cross-section list

¥ Dimengion list

" Rolled cross-sections one type

™ Rolled cross-sections multiple types

MNew | Insert | Edit | Delete |

Cloze |

[

Use option Dimension list.

Dimensions dialog appears.

Define values 100,125,150,175,200,225,250,300
Confirm your input with [OK].

Anew list LIST1 appears.

Change the name of the list to fw.

b ew
Click or to create a next list

Repeat points 3-8 to define lists:
ft(6,8,10,12,16,18,20,24,28,32,36)

wd (250,300,350,400,450,500,600,700,800,900,1000,1100,1200,1300,1400,1500)

wt(5,6,8,10,12,14,16,18,20)
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11.  Click [Close] to close the List of available cross-sections dialogue.

Section Matrix

To define section matrix, use the option Main window—Libraries—Structure, Analysis—

Section matrix

#H Line grid and storeys
- § BIM toolbox
- Structure

A Load
H-42Z Load cases, Combinations

&-[E] Calculation, mesh
..... = Steel

----- [® Open connection
..... IE Document

€ Drawing Tools
=B Lbraries

B Materials
.09 Cross-sections

1.

m

: Ed Named item
=i g Structure, Analysis

..... @ Concrete, reinforcement
----- ﬁ Subsail, foundation

-l Loads
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2. Section matrix dialog appears.

Section matrix . (o
% w5 B — A | o |

3. Select list fw in B combo-box.
4. Selectlistftin T combo-box.
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5. Matrixfrom defined list appears.

Section matrix

s o =] T ]

B/T |6 |8 |10)12(16(18 20|24 (23 (32|36
MEEHEEEEBEEREHA

122 EEBEHAEEEEBREBEHA

15 EEEAEEEEBEREEA

17 EHEREEEEEE R EE

MMEREREEAEEEEEBERERA

2 B B EHEBEEEBEEREBEHEA

HMEEEREREREBEEHA

MEREEEEEBEREHRA

6. Unselect some options according to following drawing

Section matrix

e | el

B/T |6 |8 |10)12(16(18 20|24 (23 (32|36
mMEEBEBEEEEAEBEOIONCO

1B EEBEAEEEEREBAROO

15 EEREEEEEBEREO

17 EHEREEEEEE R EE

MMEREREEAEEEEEBERERA

20 EHEBEEBEBEEREBEHEA

HMOOEEREREBRE BB

MO0 O0OEBEEERERBDREHRA
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7. Confirm your input with [OK].

8. Change the name of the matrixto FM.

9. Click[Close]to close the Section matrix dialogue.

Geometry

Structure input

1. Double-click on Structure in the Main window.

EI Project

88 BIM toolbax
L Load

Calculation, mesh
A= Stesl

[® Open connection
@ Document
Drawing Toals
ﬁ Libraries

)& Tools

#H Line grid and storeys

12 Load cases, Combinations

-] 1D Member

-4 2D Member

{ﬁ Load panel

EE@ Advanced Input
¥ Catalogue blocks

IUzer blocks

f:E’ Predefined shapes

{= Import project (esa file)

{fﬁ] InBlocks

e fE Reinforcement by template

-2 Model data

Chedk structure data

]E Madeling/Crawing

]g Edit of solids

-] Bill of material

=1---I+1

Mew | Close |

HGa | M

2. Toenteranew frame, use the option Advanced Input and Catalogue Blocks in the Structure menu. The Catalogue block

manager is opened.
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-

Bleck selection manager

Available groups

—Awailable iters of this group

Items in project

[y Frame 20
B Beam
AR, Tower

) Curve
FH Frame 30

43 Truss 2D
F=H Truss 3D
[ Truss 30 Arc
1 Truss 20 Arc

r\l Frame

1 ™ M

Filter

;i Ok

Cloze

3. Inthe Available Groups choose a Frame 2D

4. Inthe Available items of this group choose the first option (frame).

5. Confirm your choice with [OK]. The Geometry block window appears.

Geometry block

Mame BL
B Geometry
L [m] 30,000
H1 [m] 6.000
H2 [m] 2.000
Column column_1 - hwr «| ...

TN rfer 2 - bam (=] ..

[12 2,000

Hi1

H2

L 30,000

[11 6,000

] Cancel

A

6. Enter the frame dimensions: L =30m, H1 =6mand H2 =2m
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7. Inthe pull-down menus, choose CL1 for the RL1 for the Beam.
8. Confirm your input with [OK]. The Catalogue block manager appears.
9. Click[OK]toreturn to the project.

10. Leftcolumn origin is used as an input point of the frame. Type the coordinates 0 0 0 in the Command line and press
<Enter>to confirm your input.

Command line

iHuck-Ehdpumtwﬂﬂ

11.  End the input with the <Esc> key.

¢ The properties of selected elements are shown and can be modified in the Properties win-
dow.

¢ If no section has been defined in the project, the New cross-section window will auto-
matically appear, as soon as you will try to enter a structural element (column, beam...).

¢ You can end your input by pressing either the <Esc> key either the right mouse button.

@
With Zoom Allicon = in the toolbar, you can visualize the entire structure.

®

For coordinates separation use <space>key " "

Structure modification

System line alignment

1. Selectall members
2. SetMember system-line at to top in Property window.

3. Finish selection with <Esc> key.
LCS Rotation

1. Selectright column
2. Setvalue of LCSrotation to 180 [deg] in Property window.
3. Finish selection with <Esc> key.

4. Switchon |§ | Show/hide surfaces button.

5. Switchon |E’ Render geometry button.
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6. Checkgenerated structure
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Rafters splitting

1. Tosplitrafter beam into more parts use an option Breakin defined points from Modify tab in the Main menu.

Modify Tree Plugins Setup  Win
m Maove -
B copy E
n Multicopy
! Rotate
m Scale
BN streten
m Mirrar
@ Mave vertexes/points
_ Trim
l] Extend
Enlarge by defined length
[ eveain cetined points |
'] loin
Break in intersections
= Reverse orientation

Polyline edit ¥
Curves edit »

Calculate member end-cuts L

m Divide surface
m loin surfaces

E Connect members/nodes
E‘! Disconnect linked nodes

E Delete

! Copy add data
m Move add data
E Copy attributes
= Mave attributes ]

2. Select both rafter beams and finish selection with <Esc> key.
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@@

Command line

REC | REC | |4 |
l\:E == | = | [--F

7|68« |

|Di\-'ide - Select curves to be divided finish selection with ESC) =

3. Clickonthe

Snap mode

button. The Cursor snap setting manager is opened.
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4. Activate option Points on line-curve and set it's value to 3.

5.

© © N &

Steel frame design

r

Cursor snap setting

3/4

[ Line grid [T Dotgrid

[ Only snapped points

al [ Midpoints

bl ¥ Endpointz / Nodes
el T Intersections

dl [ Orthogonal points

gl [ Tangential points

fl T AmciCicle centre

gl [~ Paints on line-curve - length

Length[m]:
Repeat: i =
Skart poaint; Begin

hl @PDIntS an ling-curve - M-ths !

il [ Paintz on line-curve - % of Iengl 10.00

I I~ Suface edges
I 2000

v

k] I General solids
Cancel

]

R

At oMttt arse

Selectallrafter points on line.

Finish selection with <Esc> key.

Select left middle rafter beams and change CSS to RL2 in Property window.

Finish selection with <Esc> key.

Repeat points 7 and 8 to set cross-sections according to the following drawing :
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RL3 RR3
RLZ
RLY

et
i

Lo

Supports

The geometryinput can be completed with supports definition.

1. Toenter supports, use the option Main window— Structure—Model data—Support—in node

FH-{]] 1D Member

% 2D Member

ﬁ Load panel

&h Advanced Input

=2 Model data

. 7= Support

. nnode |
2 point on beam
LB line on beam

----- [= Hinge on beam

----- T Rigid arms

----- W Crossdink

1=i=l Section on beam

----- g Connect members/nodes

- =9 (Continuous beam

Chedk structure data

EEI---.@ Madelling/Drawing

i#1-[ Edit of solids

-] Bill of material

e | Close |

E i
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2. Define all support translations Rigid and rotations Free.

i B | Support in node ﬁ1
fuame  EX
El

Type Standard
Angle [deq]
X Rigid P
RZ Y Rigid |
Z Rigid |
f Fhe Free Ll
Z Ry Free |
Rz Free had
X Y Default size [m] 0.200

Rk}(,, 4‘; \\E‘j’ B Geometry

@ System GCS

L«

k. I Cancel

3. Confirm your input with [OK].
4. Select both column bases and press <Esc> to finish the selection.

i A

5. Use the previous workflow and define supports in remaining nodes with the following settings:
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f b
B | Support in node ﬁ

Qe EE
Type Standard ;!
Angle [deq]
¥ Free =
Y Rigid |
TRZ Z Free |
B Free _:J
Z Ry Free hd
Rz Free —_
X Y Default size [m] 0.200
RGN o=
@ System GCS ]
Z
I
F, I Cancel
-
A
Check Structure data

After input of the geometry, the input can be checked for errors by means of the option Check Structure data. With this tool,
the geometry is checked for duplicate nodes, zero bars, duplicate bars, etc.

1. Double-click on the Check Structure data option in the service Structure or click on the icon @ in the toolbar. The
Structure data check window appears, list the different available checks.
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-

Check of structure data

— Check of nodez
¥ Search nodes

W Search duplicate nodes

[ lgnore parameters

— Check of members

W Check members
Search null members

Hull members: IU

Search duplicate members

¥ Delete null members

Duplicate members; IEI

¥ Delete duplicate members

Irvealid parts: IU
¥ Delete invalid parts

— Check of data references

W Check data references

" Memomy efficient method

% Fast method

— Check of additional data
W Check additional data pozition

[realid position ID

¥ Comect position

— Check of steel connections
[T Check steel connections

Irvealid connections IU

¥ Delete invalid connections

Check load panels

Check cross-links |

Check, additional data

Check duplicity of names | Check

Cancel

2. Click [Check] to perform the checks.

The Data Check Report window appears, indicating that no problems were found.

.

Data check report

|'\

Data check finished. Mo problems found,

OK |

3. Close the check by clicking [OK].

Loads and combinations
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Load Cases and Load Groups
In this project, six load cases are entered:

o LC1-Self weight; action type Permanent; load group LG 1; load type Self weight; direction —Z
o LC2-Deadload; action type Permanent; load group LG 1; load type Standard

o LC3-Live Load; action type Variable; load group LG2; load type Static; specification Standard; duration Short;
Master load case None

« WND-L - Wind from left; action type Variable; load group Wind; load type Static; specification Standard; duration
Short; Master load case None

« WND-L - Wind from left; action type Variable; load group Wind; load type Static; specification Standard; duration
Short; Master load case None

« SN - Snow loads; action type Variable; load group Snow; load type Static; specification Standard; duration Short;
Master load case None

Self weight

1. Double-click on the Load Cases in the service Load cases, Combinations in the Main window.

Main x

ﬂ# Line grid and storeys
-8 BIM toolbox

- Structure

A Load

E-42 Load cases. Combinations
i ¥ Load Groups
----- ﬂ‘é Combinations
-4 Result classes
EEI"' Calculation, mesh
----- b= Steel

----- [® Open connection
----- @ Document

#-B€ Drawing Tools
EJ---ﬁ Libraries

EJ---}E Tools

-

2. Bydefault, the load case LC1 is created. Thisload is a permanent load of the Self weight load type. The self weight of the
structure is automatically calculated by means of this type. You can describe the content of this load case. For this project,
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enter the description “Self weight”.

B ' Load cases u

Al eBE- v G e - 7
LC1 - Self weight Name LC1
Description Self weight
Action type Pemanart |
LoadGroup LG1 vI I
Load type Self weight |
Direction -Z |

Mew | Insert | Edit | Delete | Close |

Dead load
Mew
1. Click or to create nextload case (LC2). Enter the description “Dead load”.
# ' Load cases ﬁ

Ao BRI v S EE 4 =i

LC1 - Self weight Name LC2

LC2 - Dead load Description Dead load
Action type Permanent LI
LoadGroup LG1 v| |
Load type Standard LI

.s__.....

elete all loads

Copy all loads to anaother loadcase

e
e I

Mew | Insert | Edit | Delete |

Close

¢
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Live load

Mew
1. Click or to create nextload case (LC3). Enter the description “Live load”.

2. Asthisisa variable load, change the Action type to Variable. The Load Group LG2 is automatically created.

|§ " Load cases ﬁ
AieBEki= o> S SHE A = )
LC1 - Self weight Mame LC3
LC2 - Dead load Description Live load
LC3 - Live load Action type Wariable ;l

LoadGroup LG2 vl |
Load type Static |
Speciication Standard ;l
Duration Short ;I
Master load caze Mone ;I
30 Wind O
Delete all loads -
Copy all loads to anather loadcase - |
Mew | Insert | Edit | Delete | Close |

3. Confirm your input by click on the button [Close].

Load

After input of the Load cases, go to the service Load from Main window.

Switching between load cases

You can switch between load cases with the mouse pointer in the list box.

[LCE - Snow load i ~] ]

LCZ - Dead lnad
LC3 - Live lnad
LC4 - Snow load i
LCE - Snow load i
[LCE - Snow load i
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2. ClickLine force - on beamin the Load Menu. The following dialog appears.

N o o b~ ow

Steel frame design

Dead load

According to the previous paragraph select the load case LC2 —Dead load.

-

B ' Line force on beam \ ﬁ
e [E
Direction Z hd
Type Force |
Angle [deq]
Distribution Uniform __:]
Walue - P eM/m] -3.00
Bottom flangs O
Load above joint O no I
B Geometry
System GCS hd
Location Length ]
Extert full |
Coord. definition Rela 5
Position =1 0.000
Position x2 1.000
. i a0 q -q. Crigin From start :J
Q=& M0 | 5 Eccentricity
¢ Umoe + D Eccentricity ey [m] 0.000
Eccentricity ez [m] 0,000
ITI Cahcel I
e =5

Setthe Value to-3,0 kN/m and System to GCS
Confirm your input with [OK].

Select allrafter beams to enter defined load
Press <Escape> to finish the input.

Press <Escape>once more to finish the selection.

-387 -



1.

Chapter 13

Live load

Select the load case LC3 - Live load.

2. ClickLine force - on beam in the Load Menu. The following dialog appears.

N o o oW

1.

8

# ' Line force on beam

Hiir q M q Hmin

¢ ¢ 2= e+ min

Name
Direction
Type
Angle [deq]
Distribution
Value - P lkM/m]
Bottom flange
Load above joint
EH Geometry
System
Location
Extent
Coord. definition
Position x1
Position x2
Crrigin
B Eccentricity
Eccentricity ey [m]

RAK

Force

Uniform
-5.00

i

O no

m

GCS
Length
Full

Rela
0,000
1,000
From start

Lelelele

£

0,000

nonen

(] | Cancel ]

Setthe Value to-5,0 kN/m and System to GCS
Confirm your input with [OK].

Select all rafter beams to enter defined load
Press <Escape> to finish the input.

Press <Escape>once more to finish the selection.

Wind

Setworkplane as XZ by an option Main menu—Tools—UCS—XZ workplane
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| File Edit View Libraries | Tools Modify Tree Plugins Setup Window Help

2. Click Wind & Snow generator in the Load Menu.

-

Activity
Selections L

Cursor snap setting
i Dot grid and tracking setting

&
=

@ User defined selections

. Cleaner

. Coordinates info
XML IO Document

Layers

Conwvert Steel Profile Db

|LC2 - Dead load

=]

- Point force

~-fI] Line force - on beam

i Thermal - on beam

F- % Moment

-4 Line moment on beam

[+ ¥ Point displacement

+-5% Line displacement
f{ Wind generator

3D Wind Generator
Snow generator

« Wind & snow generator
-Ef Plane generator
----- & Pond load - water accumulation

-

-3 Mot calculated internal forces

Mew | Close |

Om
ig

B
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ez _|
% UCS by 3 points
E Wertical orthogonal to X
E Wertical orthogonal to ¥
& vertical defined by line

{5 According to entity LCS

B ccs

i GCs parallel

@ ¥ workplane

E ¥Z workplane

@ T

E Maove
E Rotate

u Perpendicular to UCS's X
! Perpendicular to UC5's ¥
u According to view

u Previous

u Store the current UCS
u UCS manager
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3. Following dialogue appears.

Wind &L Snow generator

L X

Frame distance [m]

B Wind

Load group

Load case name

Cverpressure

|Indempressurs
B Snow

Load group

Load case name

6,000

Wind
WHND

Snow
SN

.

Cancel

4. Confirm default settings with [OK].

5. Leftwind load generator manager appears.
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Wind load - EC 1 ]
— Coefficients
Outside Ig.g
Inzide
1.35 s Setcosfl |
i -0.70 -0.60 et cosl
Mest |
Freviouz |
B
Divide |
Connect |
Reaenerate |
Direction - |nzide coeff. —— — Preference Frame.dlstance IE I FE I
% From left " Mone * Pressure Tenain levels
€ From right € Overpressure " Suction Left IEI I Change
£ From front || € Underpressure Right IEl m Cancel |

6. Accept default settings and press [Next].

7. Leftwindload generator manager appears.
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Wind load - EC 1 ||
— Coefficients
Outside I-EI.3
Inzide

103 -07p Set coeff I

Mext I
Previous I
Divide I
Conrect I
Regenerate I

Urda I
Direction Inside cosff. Preference Frame distance IE i Sl I
€ From left  Mone ¥ Pressure Terain levels
& From right © Overpressure " Suction Left ID o Change
€ From front || € Underpressure Right ID i e |

8. Accept default settings and press [Next].

9. Snow load generator manager appears.
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S EE ||

— Coefficients
Begin

IEI—
End
ID—
Set coeff I
Mext I
Previous I
Divide I
Connect I
Regenerate I

0.30 0.60

0.00
ooo

Unda I
Fedao I

— Snow weight Frame distance

|5—m

—Load mode
& default

[~ Accidental design situation

Walley effect I

CLocn co

Cancel

ok |
|

10. Accept default settings and press [OK].

11. Newloadcases:
WND-L-Wind from left
WND-L-Wind from left
SN-Snow loads

are generated
i Load cases ﬁ
A eBEI v S - A sty
LC1 - Self weight Name | SN
LiZ2 - Dead load Description Snow loads
L3 - Live load Action type Variable LI
WHND - L - Wind from ... | LoadGroup Snow vI I
WHND - R - Wind from ... | Load type Ctatic LI
Specification Standard |
Duration Short LI
Master lnad case Mone ;l
30 Wind O
Delete all loads g
Copy all loads to anather loadcase E |
Mew | Insert | Edit | Delete | Close |
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Combinations

After input of the load cases, the latter can be grouped in combinations. In this project, two linear combinations are created,
one for the Ultimate Limit State and one for the Ultimate Serviceability State.

¥ Combinations LE Load cases, Combinations

1. Double-click on below in the Main window.

1:H Line grid and storeys
-4 BIM toolbox

- Structure

K bori

=42 Load cases, Combinations
B |oad Cases

~[W* Load Groups

e Result classes

#-[E] Calculation, mesh
----- = Stesl

----- [® Open connection
----- (3 Document

€ Drawing Tools
&) Libraries

&3 Tools

I+

2. Since no combination has been entered yet, the window to create a new combination will automatically appear.

-394-



Steel frame design

Combination - CO1

e

Contents of combinatian

Lizt of load cazes

=4 Load case

..... & LC1 - Self weight

..... @ LC2 - Dead load

----- & LC3 - Live load

----- & WHND - L - Wind from the left
----- & WND - R - Wind from the right
..... & SM - Snow loads

E-# Load caze

..... & LCL - Self weight

..... & LC2-Dead load

----- & LC3 - Live load

----- & WHND - L - Wind from the left
----- & WND - R - Wind from the right
..... & SM - Snow loads

Mame : ]EEI'I

Coeff : _. 1 Carrect
Type: ]EN-LILS [STH;"GED]SetE_l]
Dezcrption ]

M anlinear

cambination ; ] _.LJ

Delete |  Add |

Delete &l | [ addan |

]9

Cancel

. Change the type of the combination EN-ULS (STR/GEQ) Set B. With this combination type, SCIA Engineer will auto-

. Click

matically generate combinations in accordance with the composition rules of the Eurocode.
. Bymeans of the button [Add all], all load cases can be added to the combination.

. Confirm your input with [OK]. The Combination Manager is opened.

=

or to create a second combination.

. Change the Type of the combination to EC - SLS char.
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Combination - CO2

e

Contents of combinatian

Lizt of load cazes

o4 Load caze

..... & LC1 - Self weight

..... & LC2 - Dead load

----- & L3 - Live load

----- & WND - L - Wind from the left
----- & WND - R - Wind from the right
..... @ 5N - Snow loads

E-# Load caze

..... & LCL - Self weight

..... & LC2-Dead load

----- & LC3 - Live load

----- & WHND - L - Wind from the left
----- & WND - R - Wind from the right
..... & SM - Snow loads

Mame : I Ccoz

Coeff : _ 1 Carrect l
Type: LS O -
Dezcrption I

M anlinear

combinatian ; I LI

Delete | Add |
Delete &l | addal |
Ok Cancel

8. Confirm your input with [OK].

9. Click[Close] to close the Combination manager.
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Steel frame design

B ' Combinations

A 2B R o

(e i = | Input combinations

col

[Name | coz
Description
Type EM-5LS Char.
Active coefficients O
B Contents of combination
LC1 - Seff weight [-] 1,00
LC2 - Dead load [H 00
LC3 - Live load [] 1.00
WD - L - Wind from the left [-] 1,00

WHND - R - Wind from the right [-]
SN - Snow loads [

-I i
REY,

-I i
S

Explode to envelopes
Explode to linear

-

- I

Mew | Insert | Edit

| Delete |

Close

f

Classes

1:H Line grid and storeys
B8 BIM toolbox

-2 Structure

A Load

=42 Load cases, Combinations
2 |oad Cases
J#* Load Groups
: H Combinations
. Result classes
7| Calculation, mesh
b Resutts

= Steel

[® Open connection
{13 Document

7 Drawing Tools
=B Libraries

E-3% Tools

1
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2. Select class All SLS and click

Edit |

=

=

i ca & B3 E
AllULS | All SLS ‘
Descrpton
All LULS+5SLS = _Uﬂ | IR -
[ :CDE - EN-5LS Char.
Mew | Insert | Edit | Delete | Close

3. AISLS classdialog appears

-398-




Steelframe design

Type: I-‘*‘-" LI
— Contentz of clazs — Lizt of load cazes and combinations
- Serviceability combination E-d Load case
Loegoz 0 [ L & SW - self weight
..... @ CL - collateral load
----- & WHND - L - Wind from the left
----- & WND - R - Wind from the right
----- @ SN - Snow loads
=@ Ultimate combination
..... & col
..... & co3
=4 Serviceability combination
...4p CO2
Delete |  &dd |
Mare : |l 5LS
Delete &l | Addal |
Dreszcription I

4. Check Contents of class. Combination CO2 is automatically added.

5. Confirm your input with [OK].
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Steel

LTB restrains

1. Double-click on the service Steelin the Main window.

1:|:t Line grid and storeys
-4 BIM toolbox
- Structure

+-1& Load cases, Combinations
¥ Calculation, mesh

Steel

i--[® Open connection
@ Daocument
% Drawing Tools
ﬁ Librares

)Q Tools

2. Double-click on the LTB Restraints in the service Steel

Steet X
=1~ % Eeams

“S Steel Setup

’-_--I Haunch

E-|* Member Check data

= Steel member data

----- (I, Member budking data

LTB Restraints

B Sﬁ
LTE Restraints
..... A4 Diaprmag

----- 2] Links
4 I} ] »
Mew | Close |
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3. LTBrestraintsdialog appears

i B
e I =
Name | LTE1
Position z +2z ;I
B  Geometry I¥3
tz W |Coard. definition Rela ;I
Position x 0,000
Repeat (n) 1

k. I Cancel

4. Setthe value of Repeat (n) to 3.
5. Active Regularly check box.
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6. Confirm your input with [OK].

7. Selectallmembersto enter LTB restraints.

8. Press<Escape>tofinish the input.

9. Press<Escape>once more to finish the selection.

1.

|

MName
Position z
B Geometry

Coord. definttion
Position x
Repeat in)
Regulary
Delta x
On beain
On end

LTE1

+2Z

Rela
0,000
3

E
0,500
E ves
E yes

ok |

Cancel

? -l

EF

LTB1!>I X

Optimization

Calculation, mesh—-Autodesign

Ta ]

LTE3

To start frame optimization process use the option Main window—
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Steel frame design

Main =

..... [#] Project

..... tﬁ Line grid and storeys

..... % BIM toolbox

- Structure

#-LE Load cases, Combinations
,'_j Calculation, mesh

Check structure data
g Connect members/nodes

..... J#* Solver setup

~{E] Mesh generation
..... Calculation

..... E Hidden calculation
2% Autodesign

----- Engineering report
&€ Drawing Tools

]g] Libraries

}%‘ Tools

Oa |
e

| oy O ey OO ey |
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2. Overall Autodesign dialog appears.

= =
oo I =
ALHeBB v 8 FH N - ¥ |
= Boe [ N
02 Type of loads “Combinations ;I
a3 Combinations Co1 |
O Autodesign type Frame-autodesign manager I
Q5 ttems count 1 i
06 Autodesign tem ftem 1 ;I
o7 B  Autodesign item
Member list B1EBZB3E4B5BREY BA
Select members by layer =1
B Height autodesign
Enable B yes
Max MO terations 3 =
B 'Web thickness autodesign
Erable Bl yes
Max NO tterations 3
E 'Web thickness autodesign -
Enable El yes
Maze NO fterations 3
E Range autodesign
Enable Bl yes
Max NO tterations 3
B Hange autodesign - in defle___
Erable El yes
Maze NO fterations 3
E Both flange thickness autod. .
Enable Bl yes
Max NO iterations 3
E Both flange thickness autod. .
Erable Bl yes
Max NO tterations 3
B | Outer flange thickness auto.
Erable El yes
Mz NO iterations 3 -
Mew | Insert | Edit | Delete | Optim.Routine | Autodesign all Calculate Close

3. SelectautodesignO7 (Frame-autodesign manager and click [Edit] button.
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4. Autodesign dialogue appears

ey S

Froperty Parameters
Name o7 Member list B1B2B3B... | »
Type ofloads | “Combinatio ¥ || | | Select memb... AT
Combinations cn LI B Height a...
Autodesign type | Frame-autod... Enable E yes
tems count 1 Max NO iter... | 3
E Web thic...
Enable B yes
|Max NO iter... | 3
E Web thic... |
Enable B yes =
Max NO iter... 3
Itenns = Aange a.__
1. Frame-autodesign manager _Enable B yes
Max NO iter... 3
E Aange a.._
|Enable B yes
Max NO iter... 3
B Both flan...
Enable [ yes |
Max NO iter... | 3
B Bothflan... |
Enable = yes
Max NO iter... | 3
B Outerfla...
Enable E yes
Max NO iter... 3
B Outerfla...
Remaove ltem Add itern Enable E yes -

— Picture

Autodezign

Calculation

Cloze

Click [Autdesign]

©® N o o

Click[Calculation].
Structure is calculated.

Autodesign preview appears

:
o i e R —————

DEB&S/| 50 mws
—

= B default %

R e
ey

e
[ty

ey

=

=

ety

N

Fawasaa o |7
macagar

b M k0 | bk M kO Cube M A0 Cude M RS Cusk M kO
sy baraten ey [y [reteny

b
s . i - H < s

2 Type Mame

9. Close autodesign preview window

10. Click [Close] to close Autodesign dialogue.

11.  Click [Close] to close Overall Autodesign dialogue.
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Check of designed structure

Calculation

1. Double-click on the Calculation in the service Calculation, mesh in the Main window.

Main X

tﬁ Line grid and stareys
-8 BIM toolbax

-~ Structure

ﬂ Load

H-4E Load cases, Combinations
2-[F] Calculation, mesh

Check structure data
----- b Connect members/nodes
----- J#+ Mesh setup

----- J#* Solver setup

----- Ed Hidden calculation
]s:g Autodesign

bl Results

..... A= Steel

----- [® Open connection

----- @ Document

B Drawing Tools

& Libraries

E-3& Tools

2. FEanalysis dialogue appears
3. Clickon[OK].
4. Analysisreport appears.
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S o, et nstic SO

_ Linear calculation:
g‘i - Maximal translation -80.337 mm,

in node M5 [16.000,0,000,8.000] (loadcase 2)
- Maximal rotation -5.917 mrad,

in node gen 33 [24.856,0.000,6.893] (loadcase 2)

Sum of loads and reactions is OK

5. Click [OK]to close.

1.

Steel checks

Double-click on the Steel service in the Main window.

ZH# Line grid and storeys
B8 BIM toolbox

5 Structure

Jﬂ Load

#-42 Load cases, Combinations
&-[E] Calculation, mesh

A Results
i Steel
[® Open connection
(3 Document

o Drawing Tools
ﬁ Libraries

E-3% Tools
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2. Clickon Check from the subgroup ULS Checks of the group Beams in the Steel service.

=l % Beams

-2 Steel Setup
-=J Haunch

= Member Check data

Steel member data

----- ﬂ% Member budkding data

----- i LTB Restraints

g Stiffeners

----- ##4 Diaphragms

----- b1 Local Transverse Forces data
----- =] Links

----- ﬂ% Steel slenderness

=By, ULS Chedks

" Chedk

4 | Il 1
[ | Close |
S |lm

3. Define following settings in the Properties window.

Selection =all

Type of loads = Combinations
Filter =No

Values = un. check

Extreme =Member

Output =Detailed

Section =All
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| Check of steel (1) EIRT: RV
Mame ]
Selection i All ;l
Type of loads Combinations hd
Combinations co Ll
Fitter Ma LI
Values un.check LI
Extreme | Member _vJ
Output Cetailed hd
Drawing setup 10 _|

Al 51

Single Check S
Autodesign Ry
Splt C55 =
Unify C55 -
Preview )

4. Click Refreshin the Properties window.

5. Checkdisplayed steel checks values.

.94
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Displacements of nodes

1. Double-click on the Results service in the Main window.

1:|:t Line grid and storeys
-4 BIM toolbox

- Structure

T B

]E Load cases, Combinations
] Calculation, mesh

..... K Open connection
----- @ Document
]g Drawing Tools
]ﬁ Libraries

F }Q Tools

E- & Supports

----- 4% Reactions

----- 1 Resultant of reactions
g Foundation table

[E]-== Beams

----- T=F Internal forces on beam
----- [FzT.' Deformations on beam
----- = Relative deformation
EJ Member Stress

----- FL shear siress

----- }: {E Connection input

----- }: {E Connection Forces

-] Bill of material

- calnilation nrotocol
4 L

[ | Close |

----- + Modal space support resultz

m

Ha M

-410-



Steel frame design

3. Selecteave nodes and top node.

X

4. Define following settingsin the Properties window.

Selection = Current
Type of loads = Class

Class=AllULS

Pmpuﬁes X

Displacement of nodes (1) _:i Ve v v
x

Mame Displacement of nodes
Selection Current =
Type of loads | Class |
Class Al ULS vl
Filter Mo hd
Values More comp =
|he E
|y E
Iz [
Fic Od
Fiy O
Fiz O
Text output Text hd
Extreme MNode =
Drawing setup 20 |
Refresh _xxx |
Preview P

5. Click Refresh in the Properties window.
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6. Checkdisplayed displacements of nodes.
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Global optimisation

Global optimisation

Introduction

SCIA Engineer enables you to perform an optimisation of the whole structure or of its selected part. The optimisation can be
run for steel and timber structures or for steel or timber parts of multi-material projects.

Itis possible to optimise the value of:
« standard steel code check,
« fireresistance steel check,
o timber code check,
« Dbolted diagonal check.
Itis also possible to perform several of the above mentioned optimisation types and then compare the results.

Itis always the cross-section size or the bolt size that is optimised. In general, you must select which cross-section types or
bolted diagonal connections used in your model are to be optimised. 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 AutoDesignmanager. Thus you do not have to define all the
AutoDesign criteria and parameters again and again.

TheAutoDesign manager is a standard SCIA Engineer database manager with usual features and functions.

Procedure to open the AutoDesign manager

Open service Calculation, Mesh.

2. Start (double-click) function AutoDesign.

el

Defining a new optimisation

Procedure to define and run a new optimisation

Start the AutoDesign manager.

Click button [New] to open the OverallAutoDesign dialogue.
Define the AutoDesign parameters and criteria.

Click button [AutoDesign] to run the calculation and see its result.
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5. Ifrequired, click button [Calculation] to re-calculate the modelin order to reflect the results of the optimisation.

6. Depending on what you exactly need and want, you may repeat steps 3 to 5 as many times as required.

@

Note: Please note, that a mechanical 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.

AutoDesign parameters and criteria

Items

The item defines the type of the optimisation and the cross-section type that should be optimised. The type of optimisation
(e.g. standard and fire resistance code check) must be defined for the first item only. All the other items in one AutoDesign
definition are of the same type. One AutoDesign item represents one cross-section type or one bolted diagonal connection

that will be optimised.

[Add iten]

Adds a new optimisation item into the list.

[Remove item]

Removes the existing optimisation item from the list.

Property
Name Defines the name of the optimisation (criteria).
Type ofloads The AutoDesign may be performed for load cases, load case combinations, result classes, efc.
Load Specifies the particular load case, combination, efc. for which the selected cross-section type will be
oa
optimised.
AutoDesign ) ) L
ype (informative) Tells the type of the optimisation.
ltem count (informative) Shows the number of defined AutoDesign items.
Parameters

Cross-section AutoDesign

Cross-section

Defines the cross-section type to be optimised.

Parameter Selects the dimension (e.g. section depth, width, etc.) that will be optimised.
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.

Maximal check

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

Optimised check

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

Bolted diagonal AutoDesign
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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.
Picture

The picture shows the shape of the optimised cross-section or the symbol of the bolted diagonal connection.

Control buttons

AutoDesign Performs the optimisation for the defined AutoDesign items.

Calculation Carries out the calculation for the optimised model.
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