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What is new in FEM-Design 17?

The list of all new major features and improvements is following:

Correct model tool

Plastic calculation of trusses, supports and connections
Post-tensioned cable

Fire design for steel bars

Pile

Composite sections for beams, columns and piles

Wall buckling

Properties dialogs available from the quick menu

Joint stiffness calculation

Displaying relevant load combination for max. of combinations results
Fully rigid diaphragm

Colour palette for displacement-like results in 3D modules
New tables to list and new listing options

Wall corbel

Joint library and many more improvements of steel joints
Notional load

Manual position numbering

Improved documentation module

What is new in FEM-Design 17.1?

Construction stages (Phase 1)

Improved storey management

Run Script

Option to hide extra information in the numeric results
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1. Tools

1.1. Correct model

Correct model tool is a revolutionary function to fix the models having geometrical errors, in semi-
automatic way, with supervision of the user. This tool helps to fix the following types of errors in the
model:

- object multiplication and overlap

- geometrically incorrect objects (very small region parts, very small angles, divided region edges,
etc.)

- incorrectly positioned objects

Correct model tool is the replacement of Object merge (in earlier versions), which is no more available in
version 17. Correct model tool is a semi-automatic system which necessarily needs user-interaction.
It draws attention to the possible errors of the model and in most cases also offers solution(s), but the
User has to decide whether it is really an error or not, and if it is, how to fix it.

Correct model can be launched from Tools/Correct model or from the toolbar (@).

ITCCIEISEttingE View Window Help

Copy properties

4| |Query

Block

HH User defined fiter

A, | Section Editor

7 phizard...
I“E Comect model I
1 MNumbering

e e

After launching Correct model, User needs to select the elements to be checked.



Correct model

Sel, Correction Tolerance | Fixed |
[m] Fix object multiplication and
Delete identical copies - ] overlap
Fix overlaps — ]
Chamfer sharp angles 0.100 ]
Fix small areas and lines 0.100 ]
Merge region lines 0,010 ]
Align to structure grid 0.100 0 Fit objects to storeys, axes and
Stretch to structure grid 0.100 0 reference planes
Align regions 0.100 i
Stretch to crossing regions 0.100 ]
Stretch regions in plane 0.100 0 Fit objects to each other
Stretch lines 0.100 0
Align paints 0.100 ]
]
Select all Clear all Marker
Start Ignore Mark Fix Show again
Break Ignore all Mark all Fix all Auto
Settings = Cancel Apply Reset

Then in the pop-up dialog, task(s) should be selected. Using the buttons Select all and Clear all, all

correction tasks can be selected or cleared in one click.

%]
m

Cori

Delete identical copies

Fix overlaps

(Chamfer sharp angles

Fix small areas and lines
[Merge region lines

Align to structure grid
Stretch to structure grid
align reqions

Stretch to crossing regions
Stretch regions in plane
Stretch lines

Align points

y

g A RS A S A S

Sel, Corr

Delete identical copies

Fix overlaps

Chamfer sharp angles
Fix small areas and lines
Merge region lines

Align to structure grid
|5tretch to structure grid
Aligri reqions

Stretch to crossing regions
Stretch regions in plane
Stretch lines

Align points

"

After pressing Start, the correcting process begins. It runs row by row and the current step turns green.

The view is focused on the

I Select all l[ Clear all

incorrect object (part).

N
[ Select all ]I Clear all l




Correct model @
Sel, Correction Tolerance | Fixed | =
[m]
E Delete identical copies - 1]
X Fix overlaps i} ~
X Chamfer sharp angles 0.500 i} T e
X Fix small areas and lines 0,100 0 Marker [&J1
X Merge region lines 0.010 1]
X Align to structure grid 0,100 0|§ Comment ...... [Problem description]
X Stretch to structure grid 0.100 0
X Align regions 0.100 a Colour e E
- X Stretch to crossing regions 0.100 0
H ol X Stretch regions in plane 0.100 o Nt Aa B beZZ 4
> H H X stretch lines 0.100 0
- H . " . -
el - |
=0, : ' - —
_ [ ' P
c—- ' elect 3l Clear 2l Marker -, 7
= Il_l -
g _f,b ,/i{‘;.,»_ -
B IE’” -
< Start [ Ignore ] [ Mark ] [ Fix ] [ Show again ]
: o _
- [ Break ] [ Ignore all ] [ Mark all ] [ Fix all ] Au -
Py : Y o v oo -

The table below contains the meaning of the flashing red object depending on the current correction

task:

Correction task (type)

What is flashing?

Delete identical copies

object to be deleted

Fix overlap

are both flashing

current object and its modified version

Chamfer sharp angles

the part of the region to be removed

Fix small areas and lines

the part of the line/region to be removed

Merge region lines

the region line to be merged

Fixing geometrically incorrect objects

the object to be fixed

Fit objects to storeys, axes and reference planes

Fit objects to each other

incorrectly placed object

the suggested new position of the

In order to decide what to do with each object, the User has the following choices:

- Ignore: the object will not be modified

- Mark: the object will be marked according to the colour and text set in the Marker dialog

- Fix: the object will be deleted/modified according to the program'’s suggestion. The number
in the table in Fixed cell of the current correction task’s row is increased by one. The fixed

object turns into green.




Ignore all, Mark all, Fix all acts on all further incorrect objects found by the current correction task
(highlighted by green in the table).

After one of the abovementioned buttons is pressed, the next incorrect object — if exists — gets into focus
and is highlighted

Show again focuses on the current objects. It can be useful if the User gets lost in a large model.
Break cancels the correction process but the previously performed modifications are kept.

Once the correction process is finished (or cancelled) the modifications can be applied to the model by
pressing either Apply or OK. In case of OK the dialog closes. All modifications can be discarded by
pressing Reset if they were not yet applied on the model.

¥ Align points 0,100

[ Select all ” Clear all

| ave as default

Load default

Save

| Load

Settings commands let the user save/load the selected correction tasks and their tolerances. % A small
but quite complex example at the end of this chapter shows in detail how to use Correct model tool.

Using Auto button and applying its modification on the model is not recommended, because in practice
in most cases there is no exact solution:

- fixing an error may generate or eliminate other problems
- fixing the same error in different ways may generate/eliminate different problems
- consequently, the correcting process can be iterative

However, Auto is useful to get an estimation of errors and their type in the model.

See detailed description of each correction task as follows.



Delete identical copies

If more identical element exists in the same position, it deletes all

L ]

identical copies, and counts as one correction in the Fixed column on
the Correct model dialog.

A This is not working for intermediate sections, post-tensioned cables and corbels.
Fix overlaps
It fixes overlapping regions and lines. Existing objects can be shrunk
or erased, but function will not generate new objects (e.g. a region
can not fall apart).
Overlapping is allowed for the Loads.

A This is not working for isolated and wall foundations’ regions and corbels.
Sharp angles
Sharp corners under 10° will be fixed according to the given tolerance. The
highlighted part of object will be removed. If an element has smaller
dimension than the given tolerance, the whole element will be removed. D
Fix small areas and lines “
Objects within the tolerance range will be removed. It will fix small holes,
long narrow areas etc. [I
Merge region lines 3
Merge region lines function merges two lines/curves of a region into one
line/curve if they are in the range of tolerance. Too flat curves may be

replaced by line. The figure below shows examples how the tolerance is
measured.

Align to structural grid
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This function aligns objects to structural grids (axes, storeys or reference planes). Alignment is done by
orthogonal projection of object’s checkpoints to the structural grid within the tolerance. The check-
points are shown below for line, arc and circle:

. e

A Once an object is placed on a grid by Correct model tool, it will not be detached from it
by any next correction step.

A Correct model tool does not check structural grid for possible errors, like axes too close
to each other or not perfectly parallel.

Stretch to structural grid

This f i ill h i li he i i f
.|s. unf:tlon will stretch regions and lines to the intersection of axes [ -""E
within given tolerance. !

A If the geometry of the object is incorrect (e.g. shell is not laying in plane) this function
cannot be performed.

Align regions

It aligns a region (projection) to other region’s plane that is within the

=
given tolerance both in direction perpendicular to and parallel with the f
region’s plane. =
Stretch to crossing regions

This function will stretch objects to the crossing regions within given +e

—- i

tolerance.

e
—
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Stretch regions in plane

Regions laying in same plane will be stretched to each other within

given tolerance. -
Stretch regions in plane
Lines laying within given tolerance to other objects will be stretched. 1
.‘-/
Align points
Points (objects) will be aligned to closest object within tolerance.
[T 1] [ E =T i

Restrictions
A - Correct model cannot handle:
e peak smoothing regions
e connections (point, line, surface)
e bar, shell components
e building cover
e itdoesn't work in Analysis and Design tabs
- Only the visible objects can be modified.
- Columns and walls need to be vertical and will stay vertical after the modifications
as well.
- lIsolated, wall foundation and foundation slab need to be and remain horizontal.
- Pile can be placed in any direction, but cannot be horizontal.
- Corbel is not handled by Correct model and cannot be used as an object to fit
other objects to.
Correct model works in multiple-window mode as well.

Examgle
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The following example shows the process of fixing geometrical errors of a small model with different
types of errors:
Eurocade (MA: Norwegian)

- Too small plate region

” \*-

- Support doubled and
out of axis A

- Column out of axis A

- Plate out of storey

- Plate edge not fit to wall
- Line support not fit to wall

- Wall and line support
not fit to grid intersection

- Plate regions overlap
- Support not fit to column

The example file can be downloaded from here.

Let's launch Correct model tool. Select all structural elements by Ctrl+A (or box), then all correction tasks
in the dialog by clicking on Select all. To get a quick overview of what kind of problems occur in the
model, just click on Auto button.

e
Lo,
Correct moded
Sel. Ceerection Tolerance | Fixed
im]

ED&E dentical copees - 0

X Fix overlogs - 0

X Chamfer sharp angles 0.100 0

X Fix sall oreas andd ines 0.100 0

X Merge regon ines 0010 0

X Ak o struchre grid 0.100 0

X Stretch to structure grid 0.100 0

X Al regions 0,100 0

X Stretch to crossing regons 0.100 0

X Stretch regors n plane .10 0

X Stretch Ines. 0.100 0

X Aknponts 0.100 0

st

T — A T T TR SR )

| Concel | e eset te
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http://download.strusoft.com/FEM-Design/inst170x/documents/correctmodelNFG.str

The process searches for all errors and fixes them in a way that most probably is not always the way that
the user intends to fix them However, this way User can get a good estimation on the type and amount
of errors (by looking at the values in the Fixed column).

So, in this case, all together about 15 errors should be fixed.

Now click on Reset to discard all modifications done by the automatic process.

Correct model @

Sel, | Correction Tolerance | Fixed | =

[ T
II Delete identical copies - 1
X Fix overlaps - 1
X Chamfer sharp angles 0,100 1]
X Fix small areas and lines 0.100 2
X Merge region lines 0.010 1

X Align to structure grid 0.100 4=
X Stretch to structure grid 0,100 2
X Align regions 0,100 1]
X Stretch to crossing regions 0,100 1
X Stretch regions in plane 0,100 1]
X Stretch lines 0.100 2

X Align points 0,100 o
—

Ignore Mark Fix Show again
Break Ignore all Mark all Fix all

o) (o ) (oo =]

Now click on Start to see and decide about all the errors one by one.

e
Correct model @
Sel. ‘ Correction Tolerance | Fixed ‘ =
[m]
X Delete identical copies - 0
x Fix averlaps - 0
X Chamfer sharp angles 0.100 0
X Fix small areas and lines 0.100 0
X Merge region lines 0.010 0
X Align to structure grid 0.100 0=
X Stretch to structure grid 0.100 0
x Align regions 0.100 0
x Stretch to crossing regions 0.100 0
X Stretch regions in plane 0.100 0
X Stretch lines 0.100 0
X Align points 0.100 off | e
oy
Tgnore Mark Fix Show again e
Break Ignore all Mark all Fix all
- — |
= . T
- L
Ea -
S - -
-
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The doubled support in the bottom left corner is found first. Now click on Fix to eliminate it.

Py
Correct model @
Sel. | Correction Tolerance | Fixed ‘ -
[m] M
X | Delete identical copies. - 0
¥ Fixoverlaps - 0
X Chamfer sharp angles 0.100 0
¥ Fix small areas and lines 0.100 0
X Merge region lines 0.010 0
¥ Align to structure grid 0.100 ||
X Stretch to structure grid 0.100 0
¥ Align regions 0.100 0
X Stretch to crossing regions 0.100 0
X Stetch regions in plane 0.100 0
X Stetchlines 0.100 0
X Align peints 0.100 o|f | -
-
[selectal |[ Clearal |
[ sat | [ Tgnore ] [ Mark ] Fix [ Show again ] -
[ Break ] [ Ignare all ] [ Mark all ] Fix all | Auto ‘
| Settings > ‘ ‘ OK | [ Cancel ] | Apply ‘ | Reset ‘
7 B < 2l
@0 L oL
A -
e . -
.

The number in the Fixed column of "Delete identical copies” task is set to 1.

Overlap of the large plate and the small plate over the column is found as next error. The large plate is
blinking, so by clicking on Fix, that one would be modified. However, we know that it is the small region
that is incorrect, so this time let's click on Ignore instead.

LU

(3]
I [ sl Coerection mar:n]m Foed | =
| [ Jodete dentcal copes - Q
r\-,‘ X Fix crverlaps =
1 I@ ¥ | Chimifer sharp angles 0.100 o
g | % Focsmal areas and nes 0. 100 0
i wil H el b % Marge region Ines 0,010 [
G B X Algn to structure grid 0.200 o (=}
% Stretch t stuchuee grid 0. 100 0
X Align regions 0. 100 1]
X Stretdh o crossing regions 0. 100 o
% Shetch regons m plane 0. 100 0
% Stretchines 0. 100 0
% Ao points 0. 100 0

| Start Ignore [Mnrl: ][ Fux ][Swlgm]

I
Vg . [ Cancel ] Ao Flese
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Now the small plate is blinking, so by clicking on Fix, it is modified and fit into the large plate.

! ' '
4111 r11+r1 1 g S R e S .
I '
'
\ | '
'
'
‘ I <‘ ‘<| ‘<‘ | 1
Correct model \E‘
!
[ Sel. ‘ Correction Tolerance | Fixed | e
[m] [
‘ X IDeIer.e identical copies - 1
,-\ X Fix overlaps - 1]
1 {% X Chamfer sharp angles 0.100 0
. ‘ ¥ Fix small areas and lines 0,100 0
T T 1 1 TIT :77 T T 1 X Merge region lines 0.010 0
L1 X Algn tostructure grid 0.100 e
X Stretch to structure grid 0.100 1]
‘ X Align regions 0.100 0
¥ Stretch to crossing regions 0,100 0
‘ X Stretch regions in plane 0.100 0
X Stretch lines 0.100 0
‘ X Align points 0.100 o|
‘ Select all Clear all

‘ ‘ ‘ Start ‘ [ Ignore ] [ Mark ] Fix [Shnwagm ]

[ Break ] [ Ignore all ] [ Mark all ] Fix all | Auto ‘
\ | —

‘ Settings > ‘ | oK | [ Cancel I | Apply ‘ | Reset ‘

ORI

The corrected small plate is displayed in green contour. The number in the Fixed column of “Fix overlaps”

task is set to 1.

AT AL

Correct model
| Sel. | Correction Tolerance |  Fixed | o
X [m] W
i E Delete identical copies - 1
x Fix overlaps - €>
X Chamfer sharp angles 0.100 0
| X Fix small areas and lines 0.100 0
T1° 'é@ l X Merge region lines 0.010 0
| o | | X Align to structure grid 0.100 (=
TI1 T 1L T 1TTLUVE 0w i X Stretch to structure grid 0.100 0 B
. ! x Align regions 0.100 0
x Stretch to crossing regions 0,100 0
| x Stretch regions in plane 0,100 0
X Stretch lines 0.100 0
| X Align points 0.100 o |l

| Select all Clear all

Ll bbb b L L st ) [amnore ] (e ] [ e (Showagan ] |
‘ | [ Break H Ignore all H Mark all H Fix all l Auto
. ‘Wl | OK ‘ [ Cancel ] | Apply | | Reset |
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The next problem is found by “Fix small areas and lines"” task: a very small region part. Let's remove it by

clicking on Fix.

Corract model

Sel. | Correction

E3 Delete identical copies

Fix overlaps

Chamfer sharp angles
Fixx small areas and lines
Merge region lines

Align to structure grid

Align regions

Stretch to crossing regions
Stretch regions in plane
Stretch lines

X
X
X
X
X
% Stretch to structure grid
X
X
X
X
X

Align points

|Ta|erance| Fixed ‘

[m]

0.100
0.100
0.010
0.100
0.100
0.100
0.100
0.100
0.100

0.100

o0 0 000008 o- e

m

Select all Clear all
Start Ignore Mark Fix [ Show again ]
[ Break ] [ Ignore all ] I Mark all ] Fix all Auto
Settings > oK. Apply Reset

The removed small region part is displayed by dashed line, and number of fixed objects for “Fix small

areas and lines” task is set to 1.

The next problem, a very small hole is highlighted. We decide not to delete it but deal with it later, so

let's mark it. First let's click on the Marker and set the marking text, colour and font type. After clicking
OK in the Marker dialog, let's click on the Mark.

Marker

AM

Correct model @
Sel. | Carrection |Talarance | Fixed | *
m]
X Delete identical copies - 1
X Fix averlaps - 1
X Chamfer sharp angles 0.100 1]
X Fix small areas and lines 0.100 ‘ 1 >
x Merge region lines 0.010
¥ Align to structure grid 0.100 0=
X Stretch to structure grid 0,100 o
% Align regions 0,100 ]
X Stretch to crossing regions 0.100 o
X Stretch regions in plane 0.100 o
X Stretch lines 0.100 0
% Align points 0,100 ]
Select all Clear &l 1. I Marker
4.
st | [ dgore JJ vark J[ Fx ][ shomagan ]
[ Break I [ Ignore all ] Mark all [ Fix all ] Auto
Settings > OK Apply Reset

L —
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The wall with very small hole will be marked for later investigation.

Correct model .t D

Sel. | Correction Tolerance | Fixed |
[m]

X IDeIete identical copies - 1

X Fix overlaps - 1

X Chamfer sharp angles 0,100 o

X Fix small areas and lines 0.100 1

X Merge region lines 0.010 o

¥ align to structure grid 0,100 o

X Stretch to structure grid 0,100 o

X Align regions 0,100 o

X Stretch to crossing regions 0,100 o

(| X Stretch regions in plane 0,100 o
QI X Stretchlines 0.100 o
i ¥ align paints 0.100 0

Select all Clear all

| st | tgnore |[ mak ][  Fx | [showagan |

e ) (oot ) (oot ] [
o) oo [ oy ][t

)
=
e ] s ~ .7

T . o - b

The next error is the support that is not on Axis 1, but within the given Tolerance (0.1 m) for “Align to
structure grid”. Let's click on Fix, to align it to Axis 1.

(N ) Jr@" 1 [[Coiecdd & 58 L 60 SRDDEEES 4 ! i5)) |+
/ . 5
— e el Correcton 1:7:;:- Ford | »
‘ |
: [ Joeete consent oo - 1
| | X Fwoverlaos - t
X Orafer thard argles 0.300 0
x Fox smal wrens and ires 030 3
| X Merge repon ines 0.010 0
| X Ngmwneuregd e of
’ X Syetch o struchre o 0.320 0
I X Ngnregons 0.3%0 0
X Syetch 1o 0'ossng repons 0300 0
— X Sretch regors n plane 0.300 0
X Stetch ines 030 0
( ' X Ao poes 0300 0 -
\ -
| - G
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The number in the Fixed column of “Align to structure grid” task is set to 1. The corrected support is
green on the next picture. The next misplaced object - the column, above it - is blinking. Let’s fix it too.

:
v %l Correcnon Pel;u]na Foed | /
i
: - e %
2 X Fox overlags " 1
. X Cramfer shrp angles 0,30 ° &
X Pocgmad aress andines 0.3 1 ]
H x Maerge regen ines 00%® LAY
~ : X Mgnmewaregd o T3
H X Svekh b shackeegrd 0.3 °
I'
3 <y X Mgnregors 0.3 °
H X Sretch o goseng regonrs 0.0 °
.
. X Srekh regons 0 plane 0.3 °
- X Syexhines 0.3 °
X g ponts. 0.3 °
. . Mk |
ST [ B
sk || lowest || Morst || mua |
| Comcet -

The number in the Fixed column of “Align to structure grid” task is increased to 2. The corrected column
is green on the next picture, and the next misplaced object - the large plate - is blinking (since it is
slightly above Storey 1). Let's fix it as well and do the same for the next blinking small plate.

Finally, four objects are fixed by “Align to structure grid” task (one support, one column and two plates)
and the next incorrect object is the line support that is just a bit short to reach to Axis 1. Let's click Fix
to stretch it to Axis 1.
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Axis 1

The number for the Fixed objects in the “Stretch to structure grid” task is set to 1. The next object to be
fixed is the wall above the previously fixed line support, which is also too short to reach Axis 1. Let's click

Fix to stretch it, too.

ecccnnas

X :
X Stretch 1o ooseng regons 0.100 0
X Stretch regors n plare 0.100 0!
X Stetchines 0.0 o)
X Aignpoets 0.100 o |
e | [ cons (]
st | [tgnere ] [ ek || Fox 'Dvnu:|

[ mesk | monoreat || Mekat || Fxat | Aute
e o (] [ v ][ e

L
( 6 )
N

The next error is found by the “Stretch to crossing regions” task: the plate edge does not fit to the wall

below.
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[ e ][ mak [ e [shomagan |
(e | [Ctgoreat | [ merkat | [ Fxal ] [ wm
[(setargm > | o | (el ) [ woov | [ neser

T

H

Then “Stretch lines” task finds a line support that is not connected to the wall above it. Let's click on Fix

to move it under the wall.

Chamifier sharp angles
Fix small sress and lines
Merge regon ines

Algn to structure grd
Strebdh by structure grd
Al regons
Strebdh b crosEng regions:
Stretch regions in plane:

Mo M M M M M M

X Ak ponts

[ seeca || cwea |

st [ ignoe [ mak || |nu-qm

[ mesk || tproreal |[ Makal || Pucal |

[ settengs = | o |[Lcmned ]| seor ||

et S S e g
-

——

e

The next incorrect object is a column that is not exactly above the point support. But we decide that the

column is at the right place, so click Ignore to skip it.
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Correct model
— " sel. Correcton m?-:lm Foed | -
[ Joeete centcai copes 1
X Fix overiaps - H -
X Chamfer sharp angies 0,320 [}
x Fix small areas and ines 0,200 3
B X Merge regen bes 0,010 [
X Aign o structre ord 0.390 48
x Stetch % structre ord 0,300 2
X Algnregons 0,100 0
X Stretch %o Cossng regons 0.100 1
X Stretch regons in pisne 0,10 [
| X Svetthines ‘0.%0 1
X Akgnponts 0.100 o]

Sefect of Cleor o ”7]

wr oore _J[ vor J[_ P ](Shemeoen]
= _ [Coes || soorest [ woxm ol | P
= = 1 Settr > Cancel _] - Rese
L=

Now “Align points” task finds the point support which is almost below the column, so let's move it to
the bottom of the column by clicking on Fix.

Sel, | Correction Tolerance| Fixed | -
[m] M
X IDeIebe identical copies - 1
X Fix overlaps - 1
X Chamfer sharp angles 0.100 0
® Fix small areas and lines 0,100 1
X Merge region lines 0.010 0
X Align to structure grid 0.100 4|
X Stretch to structure grid 0,100 2
X Align regions 0.100 0
X Stretch to crossing regions 0.100 1
X Stretch regions in plane 0.100 0
X Stretch lines 0.100 1
% Align points 0.100 ol
i

Select all Clear all

st || tgnere | mark ]I Fix IE‘.hcwaga'n
) Lot i) oo

[ o [ comed J[ aorty ][ reset |
SN 0 A A A A A S/ 4

Since this is the last error, the green highlighting disappears from the Correction table and OK and
Apply buttons become active.
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e T lOOGa0

Correct model

Sel. ‘

X___|Delete identical copies

Fix overlaps

Correction

X
X Chamfer sharp angles

X Fixsmall areas and lines

X Merge region lines

X Align to structure grid

X Stretch to structure grid

X Align regions

X Stretch to crossing regions
X Stretch regions in plane

X Stetchlines

X Align points

Tolerance
[m]

0.100
0.100
0.010
0.100
0.100
0.100
0.100
0.100
0.100
0.100

Fixed |_

H H O MO M ED O e

Ignare Mark Fix Show again

Break Ignore all Mark all Fix all Auto
[ setings » | Lo N[ cancel || apply  J Reser
=

By clicking on OK, the corrections will be applied to the model. The objects that were marked in the
dialog are displayed with the marker text.

1.2.

Scripting

We support a basic automation workflow through scripting. It is capable to load/save file, execute
analysis calculation and create outputs as .csv list or .docx documentation. With that you can batch-
analyze models created in other programs or directly in .struxml. Or execute long calculations during the
night.

The script commands approximate the usual interface, as if you filled inputs on the dialog and press the
OK button. So for the meaning of the parameters look at the corresponding panel in the Ul.
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To launch the script use the menu command Tools/Run script or start the program with the /s command
line:

fd3dstruct /s c:\mydir\example.fdcsript

The installation of FEM-Design 17.01.001 (or later version) creates the fdscript.xsd and an
example.fdcsript in the templates folder, the latter can be used as a starting point of custom scripts. It
has all the commands intended for users and useful comments on how to proceed.

Script execution writes a log file (specified within the script header), you have to look into that to see
what was actually executed and for any warning/error message that would normally appear on the
screen. The execution stops at first serious error.

If you launch FEM-Design many times to execute script for many inputs it's a good idea to turn off all
the satellite executables it may launch: update and upgrade in settings and set environment
FD_NOLOGO=1 to avoid the splash screen.

1.3. Position numbering tool

All position numbering possibilities are gathered into the new Tools/Numbering... tool. It lets the user
manually set/reset the object’s position numbers, it also contains Refresh numbering and Lock
numbering... commands of FD16.

5 FEM-Desgn 16 - 30 Strcture - Urtited I 5 FeM-Design 1730 Strucure - Uniiea IR
File Edit Draw Modify | Tools | Settings View Window Help File Edit Draw Modify | Tools | Settings View Window Help
Structure | Loads  Finite C des Structure | Loads  Finite « FC design  Steel design  Timberdesign Fe
; Copy properties 1 y Copy properties + | £ £ = =
S e @ - S @Dh S Fa P | S P
= 4| Query = 2| Query =
Datum Structure grid Shel
Eurocode Hodc Eurocode Bude
_J . \/ User defined filter _‘J . HH User defined filtter
= |/ s A, Section Editor = 4 Fa L, Section Editor
= D /:5 Wizard... = D / Wizard...
- O @ la Refresh numbering ] G\- @ E Comect model
e ® A 15 Lock numbesing... b ® L Il Numbering
O '—_| ) = Statistics... O 'j ) = Statistics...
Colours... | Colours...
| oz 1 ) o
O o Delete all... o o Delete all...
iy bt # Find iy st i Find
FL ) Al = {} GetGUID...
0| Al= ] e o A=
— # / E,'I Add view to documentation  Cid+D = # _/ |:| List...
fa ' Quantity estimation =3 E; Add view to documentation Cir+D
A Archive... ~ . Quantity estimation...
A is Run scrpt... 4 I8 i aue
8 - MNumbering @
LA YL 2esel+m
XL _ﬂ oLy _ﬂ Position no. ........
_L L‘I / U 1 vee If current position no. conflicts with other manually set position no.
IJ I"_‘I Il I—-_‘I [Always ask -
H o g

Four main and two auxiliary options are available in the tool window.
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Main options Auxiliary options

. Mumbering

Select component (Edge connection, corbel, post-tension cable, punching)

|1| Highlight objects with manually set position number

Manual || Reset IAutnmatic “ Lock i

current position no. conflicts with other manually set position no.

(e s )

in ——— —

Manual position numbering

Nmbeing &
oo al+d

Position no. ...i.e. 101

1 If current position no. conflicts with other manually set position no. 2
aee

Always ask -

Always ask
Modify selected object and reset other object's pos. no., to 0
Do not modify anything

3 B.0

1. type required position number into the Position no. textbox
2. select option for handling position number conflict
3. select object(s) to set position number for

A In case more objects are selected, the first one gets the position number typed by the user
and for the next ones it is increased automatically.

To set position number of component objects, like edge connections, corbels, post-tensioned cables,
punching regions, the Select component (...) auxiliary option has to be checked.

Objects with manually set position number can be highlighted by checking the last option of the tool

window.
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Numbering [ Highlight objects with manually set position nurmber @
200 Aal+ 4

Position n2. ........ 102

1 If current position no. conflicts with other manually set position no.
L RN ]

[Alwa':.rs ask -

B.101
|

Reset position number

User can reset the position number to zero by choosing Reset option, then selecting one or more objects.
Select component option is available here, too.

Automatic numbering

This option works the same way as Renumbering command in FD16. It sets position number
automatically for all objects in the database except the ones with manually set position number.

Lock numbering

This option works exactly the same way as Lock numbering... command in FD16. If it is pressed, the
following dialog pops up, where position number of different object types can be locked.

F' ™
Lock numbering of... M

[ punching obje
[] steel joints

[ oK J [ Cancel

A Manual numbering can not be applied on locked objects.
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1.4. Section list

A new type of table — Sections — can be listed. It contains all sectional data (width, height, area, inertias,
etc.)

In the List tables dialog select Tables/ Structures/ Sections, then click on the List table button.

List tables *
Tables List objects...
2 " \ Structure \
~-Loads Send to. ..
- Finite elements Data -
. - ; Clipboard w
- Quantity estimation Concrete materials
- Analysis Steel materials Page setup...
Sections i
- Moving load maximum | Bears ‘ FTIE ST
- Imperfections Columns Hide irrelevant
- Load combinations ;"—'5535 2 tables
P oint support groups
- Max, of combinations RO grop: [Jregional decimal
- Maximum of load groups symbal instead of
.. Stahility analysis dot
- Eigenfrequencies [JFill all table cells

- Seismic analysis
=- Ft_:undat'on design

i Load combinations Format table...
.-Max. of combinations -
= RC design Lol
: -Input data Settings =
-Load combinations
-Max. of combinations Add to batch
-Maximum of load groups o 3 List tables

In the generated Section table, the last column — Other - contains the detailed dimensions of the section.
Currently it is filled only for RHS, | and composite sections.
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Sections

Section Compositd  Height wiidth A P AP g il
[-] [-] [mrn] [rom] | [mm2] [ [mm] [rmrn] [ram] [rmm]
Steel sections IPE 300 Mo 00 150 E381 1160 4.k 0,000 0,000
Steel sections IPE 450 R =] 450 190 9982 1605 E.2 0,000 0,000
Sheel sections IPE 320 Mo 330 160 E2E1 1254 ] 0,000 0,000
Steel sections KER 40x20x2 Mo 40 20 214 214 1.0 0,000 0,000
Sheal sactions EER FOxG0x2 Mo 0 50 dbd q54 1.0 0,000 0,000
= Z5 Iy iy B2 Man B2 min iy Sy Iz iz
[rarn] [ramn] [rornet] [rmmz] [rarn] [ramn] [rnm] [rmmz] [rrmd] [rmmz]
0,000 0,000 83ER1132 ELFO074 150 150 1246 314179 EO377a4 20504
0,000 0,000 237429603 1499637 225 225 1848 L0900 16758611 176406
0,000 0,000 117669092 713146 165 165 137.1 402166 Faeid4e1 93518
0,000 0,000 40495 2025 20 20 128 1207 134258 1342
0.000 0,000 314755 933 35 =5 .3 5400 187577 7503
ey max | ey min iz Sz It Wit Iw Iyz z omega | alphal
[rarn] [rarn] [rnrm] [mm32] [rrrn] [mm32] [mmE] [rmrnd] [-] [*]
75 75 335 B2 R 197538 11218 (124256407470 -0 i} 0,000
95 a5 41,2 138282 EEOS34 27370 |Fa09eE3 16453 i} i} 0,000
an an 355 FREEZ 2754905 13973 196083467329 -0 i} 0,000
10 10 7 798 Jde 18 2192 2araar 0 0 0,000
25 25 20,2 4291 375319 9641 3206691 i} i} 0,000
I1 'l rnin Wil max | e2 max a2 min il 51 S01 cl Rho 1
[rrrnd] [ramz] [ramz] [rmrn] [rarn] [rarn] [ramZ2] [mmz] [-] [-]
83561132 L7074 EEF074 150 150 1246 314179 314179 1.128 0,546
337429603 1499687 | 1499687 225 225 134.8 250900 250900 1,135 0519
117669093 713146 713146 1EE 165 1371 402 166 402165 1.128 0,546
435 2025 2025 20 20 13.8 1207 1307 1.291 0,230
214755 8993 2993 a5 £ 26,3 E400 E400 1.201 0,326
2 alphaz Iz W2 min | W2 max [ elmax | el min i2 <2 S0z
[rarn] [*] [rorm4] [rnmz] [rnmnz] [rarn] [rrrn] [rnrn] [rnmniz] [ramz]
0 1571 EOZF7E4 0504 0504 - 75 33,5 E2E44 E2E44
i} 1571 16758611 176406 176406 95 ) 41,2 138282 138279
i} 1571 Fagld2l 98518 98518 an an 35.5 FREEZ FEEE2
i} 1571 13428 1343 1343 10 10 7 78 793
i} 1571 187577 FE0Z FE02 25 25 20,3 4291 4291
c2 Rho 2 21 Okher
[-] [-] [rirn] [-]
1.556 0,386 0f| bw=7.1rmm; hw=279rmm; F=107mm; wE=150mn; r=15.0rmm
1,563 0419 0f| bw=24rmrm; hw=421imm; tF=14.Ermm; w=190mm; r=21.0rmm
1,561 0,382 0f| bw=7Ernm; bw=207rmr; tF=11.5mm; w160 r=18.0mm
1.189 0.659 0| t=2.0mrn; r=2.00mmm
1.144 0.536 af| t=2.0rmrn; r=2.00rmm
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1.5.

Load combination analysis setup list

In the Calculation/Setup by load combination dialog, a new option called Add to documentation is

available to document the analysis setup for load combinations.

Mo | Type Load combination MLE | PL | NLS | Cr. | 2nd | Im. Ground water level ~
1 U [1.35%1 + 1.50%3 + 1.50%0.70%4 | x X
2 U 1.35%1 + 1.50%0.70%3 + 1.50%4 X X
3 S 1+0.20%3 +0.20%4 ¥ ¥
4 5f 1+0.50%3 +0.20%4 X X
5 &F 1+0.20%3 +0.50%4 4 4
6 Sc 1+3+0,70%4 X X
7 5 1+0.70%3+4 X X
w
Add to documentation Se Clea oK Cancel
The table in the documentation:
Load combinations analysis setup
Mo |Type| Load combination  |Mon-linear | Plastic  [Mon-linear [Cracked 2nd  [Imperfection Ground
elernents | elerments sail section | order shape wataer lewal
1(u 1.38%1 + 15042 + 1., | Yes Yes Mo Mo Mo Mo -
2 U es fes Ma Mo Mo Mo -
35g |1+ 020%3 + 02004 Vs Yes Mo Mo Mo Mo -
4 [SF |1+ 0E50%3 + 02004 Vs Yes Mo Mo Mo Mo -
E[SF |1+ 020%3 +080%4 Vs Yes Mo Mo Mo Mo -
E[Sc |[1+3+070%4 es fes Ma Mo Mo Mo -
7loc |1 +070%3 +4 es fes Ma Mo Mo Mo -

This option can be reached from the List tables dialog, too. Pick Tables/Loads/Load combinations.

List tables Iﬁ
Tabl List objects...
o “ | Loads |
- Structure [Current selection v]
e Data Send to...
- Finite eleme a .
- Quantity estimation Load cases [Cllpbnard "]
=)~ Analysis i Page setup

Load cases

Moving load maximum
Imperfections

Load combinations

Max. of combinations
Maximum of load groups

m

E1SmIC 0ad

anzontal sp., 8

dndard

Seismic load, vertical sp., standard
Seismic load, structure information
Load case - mass conversions

Site and load information
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1.6. Arranging tables when listing to Excel

New options have been implemented into the feature List to Excel. From now on User can choose, if the
tables should be placed into different Excel-worksheets or into the same worksheet under or next to

each other.

List to Excel e

File path

|
Template path

[ open file in Excel

All listed tables (not induded in the template) are placed on
(7 a different worksheet

i@ the same worksheet under each other

(7 the same worksheet next to each other

[ oK ] [ Cancel

1.7. “Fill all cells” option for listing tables

In order to ease sorting data in Excel after exporting tables, User can fill the empty cells by turning on
the “Fill all table cells” option. This option is also available in the Documentation, in the Table properties

dialog in the Option tab.

Table properties
List objects...
[Current selection - ] - Options |
Send to...
[Clipbuard - ] List objects...
[Current selection A ]
FPage setup...

Printer setup... Fill zll table cells
Hide irrelevant Results of surface elements

tables

@1 ter of el t

[|Regional decimal >/ I CENTEr ot Elemen

symbol instead of ) n vertices

dot -
[ (] Fill all table cels |

The left part of table on figure below shows the result if the checkbox is off, and right part shows when

it is on.
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uso v Jr

A B C D E F G H 1 ] K L L% M o} P Q R 5
1 |Shells, Displacements, Ultimate - Load case: f - for selected objects Shells, Displacements, Ultimate - Load case: f - for selected objects
2 |Shell Elem Node ex' ey' ez' fix' fiy' fiz' Shell Elem MNode ex' ey' ez' fix' fiy' fiz'
3 0] [-1 -1 [mm] [mm] [mm] [rad] [rad] [rad] [-] -1 -1 [mm] [mm] [mm] [rad] [rad] [rad]
4 |P11 1 479|0.000 0.000 -8.386 0.006 |-0.002 0.000 P11 1 479|0.000 0.000 -8.386 | 0.006 -0.002 0.000
5 2 538|0.000 0.000 -1.272 0.002 |-0.001 0.000 P11 2 538|0.000 0.000 -1.272 | 0.002 -0.001 0.000
6 3 640 0.000 0.000 |-2.653 -0.000 -0.004 |0.000 P11 3 640 0.000 0.000 -2.653 |-0.000 -0.004 |0.000
7 4 234 0.000 0.000 -36.524 0.015 |-0.001 0.000 P11 4 234 0.000 0.000 -36.524 0.015 -0.001 0.000
8 5 136 0.000 0.000 -88.207 0.004 |-0.002 0.000 P11 5 136 0.000 0.000 -88.207 | 0.004 -0.002 0.000
9 ] 591|0.000 0.000 -11.409 0.000 |-0.008 0.000 P11 ] 591|0.000 0.000 -11.409 |0.000 -0.009 | 0.000
10 7 347 0.000 0.000 -70.238 -0.003 |-0.005 0.000 P11 7 347 0.000 0.000 -70.238 |-0.003 -0.005 0.000
11 B8 632 0.000 0.000 -0.594 -0.000 -0.001 0.000 P11 B8 632 0.000 0.000 -0594 |-0.000 -0.001 0.000
12 9 579|0.000 0.000 -0.594 -0.001 |-0.000 0.000 P11 9 579|0.000 0.000 -0594 |-0.001 -0.000 | 0.000
13 10 598|0.000 0.000 -2.542 0.002 |-0.002 0.000 P11 10 598|0.000 0.000 -2.542 | 0.002 -0.002 0.000
14 11 288 0.000 0.000 -34.532 0.014 |-0.002 0.000 P11 11 288 0.000 0.000 -34532 0.014 -0.002 0.000
15 12 526|0.000 0.000 -11.566 0.005 |-0.005 0.000 P11 12 526|0.000 0.000 -11.566 |0.005 -0.005 0.000
16 13 394 0.000 0.000 -28.245 0.012 |-0.003 0.000 P11 13 394 0.000 0.000 -28.245 0.012 -0.003 0.000
17 14 286 0.000 0.000 -68.462 0.009 |-0.003 0.000 P11 14 286 0.000 0.000 -68.462 0.009 -0.003 0.000

1.8. Displaying name of load case/combination for load case/combination result
tables

In FD 17 the name of the load combinations and load cases can be displayed for the load case and load
combination result tables.

Check Show hidden columns checkbox in Table properties dialog:

Table properties u
ormat | Options |

—\
| AaBbYyZz 3

Shells, Displacements
m. rad. mm. kN.t. mm-w 4 ‘ Shell [ Bem | Node [ & [ & [ & [ # [ v | &
-1 -1 [-1 [mm] | [mm] | [mm] | [rad] | [rad] | [rad]
\ |abodefg [2bodelg 123 123.457| 133.457| 123.457| 123.457| 123.457| 123457
\ab-odefg abcdefg 123 123.957| 123.457| 123.457| 123.457| 123457 123457
Rbcdeta[ahadela 173 173.457| 123.457] 123.457| 123.457] 123.457] 123457
Column properties
Title ... Fase |
Hide

Sdentific (exponent) form

S —

A
[ Zoom tahle ] l Zoom page width l l Zoom page all l I [Z] Show hidden columns I

[ OK J [ Cancel ]
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Table properties @J
‘AaBbYyzZz 3

m, rad, mm, kN, t, mm, N/mm2 » ‘

Column properties

Title ... Fase |
I [ Hide I

.

Sdentific (exponent) form

[ Zoom table ] [ Zoom page width ][ Zoom page all ] I [¥] Show hidden columns I

[ Ok l [ Cancel ]

Shells, Displacements, Ultimate - Load case: f - for selected objects

Shell | Elem Node ex' gy’ ez fix' fiiy' fiz Case
(-1 (-1 (-1 [mm] | [mem] | [mem] [rad] [rad] [rad] (-1
PL1 |1 479| 0000 0.000| -8386| 0.006| -0.002| 0.000]|f
PL1 |2 538 | 0.000| 0000 -1.272| 0.002| -0.001| 0.000(f
P.LL |3 640 0.000 0.000 | -2.653( -0.000| -0.004 0.000 | f
P11 |4 234 | 0000 0.000| -36.524| 0015 -0.001| 0.000 f
P11 |5 136 | 0000 0.000| -88.207 | 0.004| -0.002| 0.000 f
P11 |6 591 | 0.000| 0.000| -11.409| 0.000| -0.009| 0.000 f
PLl |7 347| 0000 0000 -70.238 | -0.003| -0.005| 0.000|f
Fr4 4 o £33 Fa W aTat il L i Ta "l M _EfAd (W atatal Fimid foniten | F

1.9. Get GUID (Globally Unique Identifier)

The Get GUID function enables the query of the GUID of elements. This can be useful for identification
of structural objects imported/exported via Struxml.

The function-button can be found in the Tools menu, but it is not on the Toolbar ({ }) by default.User
can put it there by using Customize... command which is available by right clicking on the toolbar.
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File Edit Draw Modify | Tools | Settings View Window Help
Structure | Loads  Finite
? Copy properties
S D
41| Query
Structure grid
Eurocode Hock
il e - 7 User defined fitter
_: ./ ey :_H" Section Editor
E D / Wizard...
= Q) B [T Comect model
— ® L 1 Numbering
[ Iy
%) 0 'T ¥= Statistics...
(_* @ ﬁﬁ II Colours...
ol = % Deleteal..
o ot | S iy Find
ANl == {} GetGUID..
A =
D L
—l #| ./ [ Lst..
Pt EJ Add view to documentation  Ctil+D
2 . . Quantity estimation...
T o Archive...

After launching Get GUID, pick the element(s). The pop-up window shows the Globally Unique Identifiers
of selected element(s). They can be sent to the clipboard by clicking on “Send to clipboard” button.
GUIDs for analytical and physical model of a bar are different.

Analytical view:

e GUID [

[ e L =
PN -
%;\ N F27F9ABG-02E6-4ECE-ADO1-3B66DE17FAFS
i ‘
i
'
)

Physical view:

GUID ‘ [

2882A95E-9D465-4893-ACEF-73C4AADEBGES

Send to dipboard

'2a2219bT-21bT-49T6-adla-c884602e5ebl” complex_section=" dalZdice-6cOc-4467-9ct
<curve type="line"=
<point ®x="8&_.71881755251908" y="33.04560763543" z="0"></point>
<point ®x="8&.71881755251908" y="46.1308053379253" z="0"></point=>

T
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2. User interface

2.1. Properties dialog available from Quick menu for objects

Simply select any object by right click, or more objects of the same type by box selection, then click
“Properties 21" in the Quick menu to check/modify its/their properties. This function works for structural

objects, loads or design elements.

...... t Erase
...... _ae
_________ “_‘,,.-"' Move Ui
T O &
Lee~"" FOQI -
) Rotate
Meror
e TT Scale
e s
..... -‘.-, 3 | Ay rect ey
_______ | angular
T~ | v
~k‘
' BeamToiumn — e
.o
Al Gowrs I Secton | lole Materw L_ nd cordiners
: Ubrary +| | Appication data
Concrete
c1/3 Garena MO (U [ Va9, | 200 1.00
Garma M1 0 | Use) . | 200 1.00
Gavoma M4 (L) 1.0
. BN 1950-18 speoic -~ UCS »
;', Gatwma M2 (0 |Usjug) .| 223 30D view »
,,;:": » 4 | Gamwa MS U | Us,Us) | B0 190 20 view »
$ 238
L3 Hide selected
C!: Hide o cthers
o o
e
ci I’) Propertes |
s
cw
=
P
e
.'.:.' :_:
Peaew. Moty Oelete oort,,, | Bport.,
o Carvel

Objects that are part of other object (e.g. edge connections, corbels, reinforcement regions, etc.)usually
can be selected by left-to-right (blue) box selection only, because right clicking always selects the main
object (shell, bar).
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2.2. Different modes to display storeys

In Settings/Display/Storey dialog User can choose from three options for the appearance of the given

storey.

..... 2.15_Number /
- Storey

----- [ Local system

) settings

--1__] Environment Stﬂrey

(-3 Drawing

--1__] Calculation Display objects...
=& Display

. .~ Drawing element gt O Above storey

(®) Below storey
(") Both above and below

----- L Soil and foundation

All objects that are in the plane of the storey, or crossing the storey above or below according to the

selected setting, are displayed

The pictures below show the whole structure and how it is displayed according to the selected option.

Eurocode (MA: Hungarian)

Structure

iee Storey 1 (+4,000)

""—h\_\_\_\_\_\_\_\_\-

)

Above storey

Eurocode (M&: Hungarian)

Wiew: Starey 1 (+4.000) Below storey

Eurocode (MA: Hungarian)
Wigw: Skarey 1 (44,0000

Both above and below
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2.3. Visualisation of edge connection is improved

In the new version, Edge connections are displayed with customizable lanes.

The width of the edge connection can be modified in the Settings/Display/Shells dialog.

>
Shell
Display label induding... Graphical options
[J5tructural element ID [ oisplay local system
[ analytical element ID Size [m] ..ovenenn 1.0000
[Jranel type Display edge connection

[ Eccentriity Width [m] ...
[material Hatch [mm] .........

[lez/e1 [ pisplay wall base line
[ alpha (orthotropic angle)

P E‘
[ thickness

Cancel

37



2.4. Restore view returning to input

Input tabs Analysis and design tabs

File Edit Draw Modify Tools Settings View Window Help
IStn.lcture Loads Hnrteelemerltsll.&ﬂah'sis Foundation design  RC design  Steel design  Timber desian Perf-:-man-:et-ase-:l-:leeigli

4,3 G&@"D °°,-;u‘ @ ﬁl @ +‘ ﬁj ﬁﬁl ﬁg ﬁj ﬁﬂ ﬁg F:+‘

Shell

Structure grid Fo...

Once a view set in an input tab gets modified in the Analysis or in a design tab, User can return into an
input tab while automatically restoring the original view. See an example in the following figures.

Using Ctrl:

Original view New view in RC design

CTRL + 07

» <
I Stn.lcturel Loads  Finite elements  Analysis  Foundation desngn'lF{CdesngnI Steeldesian | Structure | Loads  Finte elements  Analysis  Foundation design IF{CdesignI Steel design

. - f f ] + - -
S RO-hldE= T AN K 5L : Q 111 F
Structure grid Fo.. Bar Caleul... Manage results Quick change
Eurocade {MA: Hungarian) Eurocode (Ma: Hungarian)
J & Wiew: Storey 1 (+4.000) Ij & Wigw: Storey 1 {+4,000)
*
— ? 4@» j ? oS
3l - il —n|
Hl 4 Hl 4
(=) D (=] )
ol 7| A PRI
A =3 1 - = -
)
L 1 eg i & eg
O 7 o \ ]l =3
1. 3 / 2. =
4 e L-!—1= AT

Back to original view

Loads  Finite elements  Analysis  Foundation design ~ RC design  Steel design
Z +
b = ST i 65 6
S @ o, PSP
r

Structure grid Fa Bai

Eurocode (NA: Hungarian)

IJ £ Yiew: Storey 1 (+4.000)
|| - e
Hl 4
(=] D
ol 7|
- = =l
(_ i og
]« E's \

A e

38



Without pressing Ctrl the view doesn't switch back:

Original view New view in RC design

&

> )
I Structure I Loads  Finte elements ~ Analysis  Foundation design'IF{Cdesign I Steel design | Structure | Loads  Finte elements  Analysis  Foundation design IF{Cdesign I Steel design

- = f ] + Yy . .
S BO-hlE= A S| K L5 b . Q 311
Structure grid Fo... Bar Calcul... Manage results Quick change
Eurocode (MA: Hungarian) Eurocode (NA: Hungariam)
J & View: Starey 1 (+4.000) J & View: Storey 1 {+4,000)
+ e
I ? @, —7 ? PalS
3l —n - =l =l
Hl 4 Sl 4
(=] D (=] 9
ol 7| A ol 7| A
A ETkE ~ | qu| B h
t_ 1 og (_ ‘J—L' oo
% o=
0 7/ o, i Kd Iy
L o I =rwr=t A

Back to original view

Loads  Finite elements  Analysis  Foundation design  RCdesign  Steel design
SO hl]a= A N K LK

Structure grid Fo. Bar

Eurocode (MA: Hungarian)
IJ | Wiew: Storey 1 (+4.000)
K,
— ? <|:|>
o —
Sl 4
(=] D
ol 7| A
o || 0O .
o ey oo
L 4 o

AT

2.5. Leading line for numeric values and labels

If a numeric value or a label is moved away from the referred point, a thin leading line appears.
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2.6. Align region to plane

This function will align regions to selected plane in any direction with two clicks. The feature can be
found in Modify/Modify region.

Tools Settings  View D
Erase Click the icon | . select regions to be aligned, and then select the reference plane.

&

Move All selected object will be projected to the reference plane.
E::te Modify region [ =
erpcic e =nls @ [Ele

Amay rectangular 1

Amay polar
Offset

" Stretch
&

Mimror

He @i+

o

< 00

|A|igr‘| region to plane|

=0

“u Curve
[, Elbow
—i- Split

H-H Divide

—+= Join i G} 2
+|= Trim \\

+ Edend =

A\
[ Break .
Dr Chamfer G? 3 s\\‘:\“\ \ \\: ] $

[ Filet ‘\‘\\ :
. Change direction . AN

1
IE‘ Modify region I ;
I Modfy solid

] Change appearance

2.7. Vertical dimension lines

From now vertical dimension lines can be placed without modifying the user coordinate-system.

In the Dimensioning dialog select the parallel direction with global Z axis or with z axis of UCS.

3.00

o

3.2
+

1k

| «

,
12100

BT

L

- [Direction is parallel with global Z axis]

nla
L

[Direction is parallel with z axis of UCS]
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2.8. Physical view

In FEM-Design 17 the analytical and physical view of an object is clearly separated. The physical view
shows the real position of the physical element, while the analytical view shows the calculation model.

Analytical Physical

Analvtical Physical

R

I
‘ Generai| I Sedinnl @ Materia!‘ L End conditions

Eccentricity in analytical model ...........

ag-| wl— d4

[ Consider eccentricity caused by cracking in cracked section analysis

| The same at both ends Start End
Physical alignment u

Releases [kN/m, khm/"] Eccentricity [m] z'

Oex ... ‘ 0.000 ‘ Ve | 0.0000 ‘ [T Use aute alignment (horizontal elements: top of cross-section, all others: center of gravity) I
ey ... [0.000 | Jz. [o.0000 |

et v 0.000 The same &t both ends Start End

¥
Pt £ |

oty . V... 0.0000 | r
ek ... 2. [0.2250 |

| wy|
| I |
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2.9. Physical alignment for intermediate section

In version 17 the User has the option to set the physical and analytical eccentricity separately for
intermediate section.

Intermediate section Physical alignment

Intermediate section

I Section Eccentricity ‘ [[JiJse auto alignment (horizontal elements: top of cross-section, all others: center of gravity};
.
g ? K 7
¥ m] .. | D ‘ //D : > v [m] ... | 0.0000

T
2l .. [0.0000 = 2 ... 0,165 ———t

2.10. Blinking layers

In FEM-Design 17, upon right clicking on any Layer in the Layers dialog, all elements belonging to that
Layer will blink. This works both for Drawing and Objects layers.

Additionally, a new Layer called Import error is added into Drawing layers. This is relevant only in case
when the model was imported through struxml and contained some bad shell objects. In case those
shell objects could not be imported, they will be shown (in some cases) as graphical image and placed
on above mentioned layer.
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Right clicking the layer
will blink every objects

/

this wall

Geometry error on

Layers

Drawing  Objects

Layers

o
= ' Il RED

= ' [ GREEN

= ' Bl BLUE

= ' [ YELLOW

= ' [ MAGENTA

in this layer

T Il ImportErrors
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Status
() Hidden
() Protected
(@) Active
Mo snap

Colour... | | Pen...




3. Structure

3.1. Improved storey dialog

If the Modify structure is enabled the structure follows the storey system modification, otherwise not.
The modifications are displayed with three color code, if the Modify structure is active:

- green: new storey

- yellow: modified storey

- red: deleted storey

When the Apply button is clicked the modifications proceed immediately without closing the dialog. The
following pictures shows this feature though a 4-storey building, where the Storey 4 will be deleted, a
new storey is added and the Storey 3 height is increased to 4.0 meters.

Storeys x Apply: apply all the modifications without
Horizontal size of buiding [m] .......... 50.0 x 300 ClOSlng the dlalog

SO ] s i == Modify structure: option for the structure to
Bottommost level [m] vovivvvviviiini, 0.000 y p

follow any storey changes

# Storey Height Level ~ | A Modify structure
[m] [m]

) IS <\~ Deleted storey: marked with red

1 Storey 1 3.000

2 Storey 2 .00 SN and placed to the start of the list

3 Storey 3 4.000 10.000

\\ Modified storey: marked with yellow

New storey: marked with green

v

Insert Generate > Delete Properties
,Modify structure” ~Modify structure”
disabled enabled
I |
o
- + — }
1 L i
Modified storey system, Original storey system, = Modified storey system
original structure original structure and original

3.2. Reference plane
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Reference plane is an auxiliary object, which allows User to align elements to it. It can be found in the
Structure tab.

Structure | Loads  Finite elemerts  Anz

e o]

Structure grid  [Reference plane |

As is it shown below, Description of Reference plane can be typed in the tool palette or after clicking on
the Default properties button, it can be set in the new dialog.

Reference plane @ Reference plane Iﬁ
H2|O0e G

A [ OK ][ Cancel ]

Description ....... ‘ |

Reference plane can be drawn in any plane. It is displayed by the region contours and its description

given by the user.

Reference planes placed on plane
of the roof

The Reference plane can be used with the feature Align region to plane. (Modify/Modify region/Align
region to plane/Pick region to align/Select Reference plane - See chapter 2.6) and it also can be used
by Correct model tool to fit structural objects to.

g@; Reference planes can be exported into/imported from Autodesk Revit via struxml
format.
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3.3. Composite sections

The composite sections below have been implemented for Beams and Columns. These sections can be
reached in Beam/Column dialog/Section tab/Composite/New.

Beam/Column =& Available composite section types:

General I Section

Section type ... Regular m T r‘ '| T
Composite sections [ul;;ﬁ limit state - ﬂ
/ O@

@ Material End conditions

wodty | [ fpeete

o I

Composite u u
— | |uitmate imit state - Ultimatte limit state -
oy oy 0 T
T : :
IEZ
= [ | E—
| | ¥ ¥
——
Icz e [ ]
/ \ I >chematic % 1
) LTrOS5-5€Ction
Data | Value A = 0.000 mm2 ~ A = 4g612mm2 L
P = 0.000 mm Tl P = 2000 mm 7l
Column Al afp = 0.000 mm AR = 24.8mm
I Steel 5235
= 0.000 mm) (¥ = 0.000 mm})
Conarete C25/30 (ta = g 2
onere / (Zg = 0.000 mm) = (Zg = 0.000mm) F
Steel section HE-B 300 fs = 0.000 mm ¥s = -0.00178 mm
cy [mm] 100 s = 0.000 mm Is = 0.000460 mm
| || Jez (mm] 100 Iy = 0.000 mm4 I Iy = 983356708 mm4 bl
Ed ) b| | iy = 0.000 mm iy = 141mm
itable values
Iz = 0.000 mm4 Iz = 841837133 mm4
iz = 0.000 mm iz = 130 mm
Combosite section It = 0.000 mm4 It = 1554227456 mm4
In = 0.000 mmé & Iw = 568787525582 mmo -

Cross-sectional data based on steel "7 Cross-sectional data based on steel
- material properties material properties

o (e o (o

illc

A For the time being only above listed composite sections can be selected, there is no
choice to create alternative section.
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3.4. Pile

In FEM-Design 17, a new structural element is added - the pile. Its main purpose is to calculate pile
internal forces in either linear or non-linear way (e.g. limited shaft friction, only compression behaviour

at the tip of pile can be considered).

The basic concept is that the soil surrounding the pile is modelled with continuous line supports along
it. These supports stand for the supporting effect of the soil together with a vertical point support at the
tip of pile. The new plastic element feature offers a more precise way to calculate the internal forces by

considering the nonlinear characteristic of the soil-structure interaction.

This feature can be found among the Foundation objects on Structure tab.

Piles can be placed either one by one, or in groups using the “Array rectangular”/ “Array polar” options.
In the Tool window User can declare the Height of the pile and set the array options as Column distance,

DDD
o]

Foundation

Row distance and Angle of array.

Pile

[ Array rectangular ]

=

I

|22 0 it -4 ][]

DDIEI-EI

oo .
Array polar
8.0000 Column digtance [m]

Row distance [m]

Angle of array [7]

y' axis is parallel with XY plane ]

If choosing Array rectangular define option, at first User needs to set the Column and Row distances,

before placing the piles. By clicking

1[oo] o
oo| -

N

[

[ y' axis is parallel with Y7 plane ]
I

y' axis is parallel with X7 plane ]

y' axis is parallel with UCS ]
|

y' axis is perpendicular to UCS ]

oo
oo

these textboxes turn active.

]

Row distance [m]

Column distance [m]

| 2.0000 il
| 1.0000

Angle of array [£]

]
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If choosing Array polar, two more options become available according to the following figure:

oo ] ]

. Rotate copies [ : Don't rotate copies
Column dlsmn[ F'- Column distance [m{ E ]
Row distance [m] ......... 3.0000 Row distance [m] ......... 3.0000

Angle of array [7] ......... 30.000 Angle of array [7] ......... |3‘3'-[:"3'[:I |

) Bg[=)[2].8 i R s

To open Pile dialog click Default settings.

Pile =
1

[ 8] 2] t Jtltl]-$] 1L [ JBRE

—_—

Height [m] ....... Column distance [m] ......

i i i I) Row distance [m]
i Angle of 30.000
[ Default settings F =i
On General tab User can give an identifier and a rotation angle.
Pile (E
General I Section @ Material I:I~ End conditions ﬁ: Soil springs
Identifier (.position number) ................ | PI |
Rotation
N :

Alpha is measured from default ¥
direction of ¥' axis. The default
direction ig usually horizontal and in
case of vertical elements paints to
global y direction.

Regular and certain types of composite sections can be selected in Section tab/Composite/ New.
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Pile

[ Pile

|-

General I Section

@ Mabeﬂa]| L End conditions.

L s

General

I Section

Material | b : End conditions

jzi Soil springs

| The same at both ends Start || End | ‘
Section library - z'
[=J- Concrete sections
[+ Circle
=} Rectangle
- 120x150 | ¥
- 120200
- 120x250
120%x300
120%350
- 120x400 [
-+ 150200
150%250 A = 18000 mm2 ~
150x300 P = 540 mm
. 150%350 AP = 33.3mm =
- 150x400 (rg = 0.000mm)
- 150%450 Zg = 0.000mm)
150x%500 s = 0.000 mm
- 200%250 s = 0.000 mm
00 Iy = 33750000 mm4
- 200x350 Wy = 450000 mm3
200x400 ezmax = 75.0mm
- 200450 = | |ezmin = 75.0mm -
New > ][ Modify ][ Delete ][ Import... ][ Export... ]

Composite sections

[Uitmate lmit state

Modify || Delete |

I ==

The available composite sections for simple pile are the followings:

The material can be selected in the same way as for Beams/Columns.

Pile

E

‘Genera]| I Section

@ Material

::: Soil springs

h . End conditions

Library

B Concrete

- C12(15
.- C16/20
- C20/25

--C30/37
- C35/45
- C40/50
- C45/55
.. C50/80
- Steel
5235
-5 275
-5 355
5420
-5 450
-5 460
(=) Timber
c14
. C16
..C18
020
.22
--C24
€27

M ak"sl

m

=

Gamma c (U | Ua,Us)

Gamma s (U | Ua,Us) .....
Gamma cE
Creepc. (S |U) covvvnnennnns
Shrinkage [%a] .
Reduction for dynamic analysis

Reduction for stability analysis

New... |[ modfy |[ pelete |[import.. | [Export.. |

[ oc J[ con |
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On the End conditions tab User can set the top release of the pile, which can be useful in case piles are
connected to a foundation slab. The connection can be either fixed or hinged.

Top release [kN/m, kiNm,/<]
e 0.000 Pile [
D Y i 0.000 .

e \,EMII s

[ phiz' .| 0.000

— - —
T Material I]_Endwdmns " Soll springs

Top release [kM/m, kim,/=]

@ Z e ..... 0.000

ey ... 0-000

\

I
Beam: PLO.0 [ phix .
Material coveeeeeerd C12/15 [E1 phi,y' .| 0.000
L~ Cross-section ..... Rectangle 120x150 hi z' ... 0.000
P,
Rectangle 120x150
Eccentricity [m] ...§ Conn.: End point
Crack: No | é l
0.000, 0.000, 0.000 i i
0.000, 0.000, 0.000
Connection ........ FAFFFE
FFFF— |
/n\ Beam: PLO.O
L1 Material ...vveinn, C12(15
Cross-section ..... Rectangle 120x150

Rectangle 120x150

Eccentricity [m] ... Conn.: End point
Crack: No
0.000, 0.000, 0.000

0,000,0.000,0.000
Connection ... FFFFFF
FFFFFF
/I\ | A :

The program generates a set of line support groups

Pile X

for the pile (at least one for each stratum with an —
General I Section IEJ:.' Material h— End conditions LSDHSD"WQS

additional breakpoint at the highest water level) and
one point support at the tip of the pile. If the pile is

edited or some changes happen in the input data
(e.g. changing of the material of a stratum), these

stiffness and plastic limit values will be recalculated.

The automatic calculation can be switched off in Pile ==t “‘27/”“““‘”“"“5 o
dialog/Solil springs tab/Auto calculate checkbox. | : : }
Vertical line motion springs [kN/m/m] Vertical plastic limit forces [ki/m]
\ | Of
Vertical pile tip spring [kN/m] Vertical plastic limit forces [kiN]

Options Auto calculate

Cancel

A The Soil springs tab will be active only after placing the pile and its properties is displayed
in the dialog.

From the previously defined strata, FEM-Design calculates the stiffness and plastic limit values for both
the line and point supports.

51



The line support groups along the pile have only translational stiffness, Ky vertical (shear) and Ky, Ky
horizontal stiffness [kN/m/m]. For the horizontal spring stiffness, it does not have any practical sense to
define compression and tension stiffness, thus for the horizontal directions (y', z') one value defines each
direction. The horizontal stiffness of the line support in y’ direction (similar in z' direction):
, kN
K =k B[]
where B is the width of the pile and ks,y’" is the horizontal coefficient of subgrade reaction. According to
Vesic (1961), it can be calculated by using both soil and pile properties:

1
0.65 - E, [ES-B4 ]ﬁ kN

d _B'(l_ﬂg) Ep-Ipy

m3

where Es and s is the Young's modulus and Poisson’s ratio of the soil, E and I, are the Young’s modulus
and moment of inertia of the pile.

The vertical behaviour, thus the vertical spring stiffness might be different for compression and tension,
so both spring stiffness are available for the User to define (for example One may want to neglect the
friction forces for tensioned piles). Based on the analytical solution of Zhang Q. et al. (2014), the vertical
stiffness of the line support is:

where G; is the shear modulus of the soil, ro is the pile radius (or equivalent radius for noncircular piles),
rm is the radial distance at which shear stresses in the soil become negligible and P is the perimeter of
the cross section of the pile. In the different soil layers, rm distance can be calculated as the following:

T =25L pp-(1—u)

where L is the (total) length of the pile, pm is the factor of vertical homogeneity of soil stiffness and ps is
the Poisson’s ratio of soil layer around the pile. The value of pm can be calculated in the following way:

_ Gs,middle
Pm ="="—

Gs,bottom

where Gsmigdie is the shear modulus at the middle of the layer and Gspottom is the shear modulus at the
bottom of the layer (relevant only in case of soils with variable material properties with height).

The point support at the tip of the pile has only vertical (or in case of skew piles only x" directional)
stiffness. The tension stiffness is set to zero by default as tension forces are not transmitted between the
soil and the tip of the pile. Zhang Q. et al (2014) suggest the following formulae to use for the
compression stiffness:

r

o (1_115)

Besides the spring stiffness, plastic limit values are also calculated for both line and point supports. For

4G [kN]
m

the vertical line support the plastic limit value is based on the shaft friction, for the point support at the
tip of the pile it depends on the end bearing of the pile. In both cases the calculation is affected by the
behaviour of the soil (drained/undrained), as it is summarized by Wrana B (2015).
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In case of undrained soil the limit value is based on the undrained shear strength (cu). The limit value of
the line support:

kN
Plim,xIZQS'Pza'Cuk'P [E

where gs is the shaft friction and a is the adhesion coefficient. The latter one is calculated according to
the proposition of the NAVFAC DM 7.2 (1984), the corresponding details can be found in the literature.
The limit value of the point support (for compression):

Plim,xl = Apase * Cuk * N [KN]

where Apase is the cross-sectional area of the pile (at the tip), Nc is the bearing capacity coefficient that
can be assumed equal 9.0 according to Skempton (1959).

In case of drained soil the resistances are based on the internal friction angle (@k) and cohesion (ck) of
the soil layers. The limit value of the line support:

kN
Plim,xlzqslpzﬁ'o-v'P [W]

where oy is the vertical effective stress and [ is a friction coefficient multiplier. As the vertical stresses
are increases with the depth, an average value of the current layer is used in the equation. At water level
vertical stresses have a break point, thus at the generation of line supports this point is always considered
in such a way that it is the start/endpoint of the neighbouring line supports.

A Only the highest water level is considered in the calculation of plastic limit values and
negative shaft friction forces.

The value of B is taken according to the NAVFAC DM 7.2 (1984). The limit value of the point support (for
compression):

Plim,xl = Apase " qp = Apase * (0-1,7 ) Nq + e Nc) [kN]
Where

N, = (N, — 1) - cot gy

where Ngq is the bearing capacity factor, and according to the NAVFAC DM 7.2 (1984), its value depends
on the fabrication technology of the pile and the internal friction angle of the soil.
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In the Support springs side of the Soil |, %

springs tab User can overwrite the

automatically calculated values of A.1] General I SW’" ", 5ol springs

any support, such as Lateral/ Vertical ey
line motion springs, Vertical pile tip Line supporls (top down order)
springs or Vertical plastic limit forces. Material No Ks,y' Ks,? ~
EAN e [t lims 7]
oil_1 1 5116 5720
2 5116 5720
3 5116 5720
- ollfe 20 v
A 2
Lateral line motion springs [N /m/m] Lateral plastic limit forces [ki/m]
Compression Tension Compression Tension
Ky' 767 [ 1.000e+15 1.000e-+15
Kz 636 O/ 1.000e+15 10002 +15
Vertical line motion springs [ki,fm fm] Vertical plastic limit forces [kMN/m]
Compression Tension Compression Tension
i | 1071 v|+ | 1071 v| 30.0 30.0
Vertical pile tip spring [k, m] Vertical plastic limit forces [kM]
Compression Tension Compression Tension
ke | 276 v |4] [0.000e+00 | 2.1 1.000e+15

Options Auto calculate

Cancel

The internal forces of the compressed piles should be increased by the value of the negative shaft
friction, as it is an additional effect coming from the soil-pile interaction. In FEM-Design it is considered
with a special, automatically generated load case. This load case exits only if there is at least one pile in
the model. As negative shaft friction appears only above the neutral level (measured from the top of the
pile), by default it is set to zero, which means that there are no actual loads in this load case. After we
change the neutral level, the corresponding loads are calculated and generated automatically.

The value of the friction force in case of undrained soil:

kN
Py :P'aneg'cuk [—
where oneg is the factor for negative shaft friction for undrained soils (default value is assumed to 1.0).
The friction force for drained soil:

kN
P = P'.Bneg " 0 [?]
where Bneg is the factor for negative shaft friction for drained soils (default value is also assumed to 1.0).
This load is applied as a linearly variable line load along the pile, and its value can be changed by User
by the modification of the aneg and Preg Values (each stratum has one value) together with neutral level
on the Neg. shaft friction side of the Soil springs tab:
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Structure | Loads | Finite elements

Load case, combination & group

|G@g‘1‘ & | |80,
RN H|AE D |
[#»I|laOeanx -
RN

+ I
i i

EECEEE

zBw|roeo L

ye

Euracode

Analysis  Foundationdesign RCdesion  Steeldesign  Timberdesign P

Pk

Clipboard

Pile opticns

Type of pile

e

I Division length of line supports [M]..vvvveeiinn

1

5a
t T[] 2« 59
Force Temperaiur... Siress Support mation Dynamic load Macro Mukiply

[A1] seneral I secuonl @ Material h End conditions k._sw\swngs

Line distributed force

q1/q2 [Njm] .......... 70.2/70.2
Li ts (top de e
ine supports (top down order) Load case ............. Neg. Shaft friction
Material ‘ No | Alpha neg. ‘ Beta neg ‘: P
5] 2]
! 10 o = Drectin's constant slong acton ine
2 1.0 Lo
0il_2 3 10 10 Intensity meant along action line.
Y |
=]
(=]

Calalated ine load =

Friction force at the top level /MY .vvvvveessssssiverssssssscssssnsssssssss

Frictn force st the el D]

Bt o

Section perimeter calculated by @) section shape

Surface surcharge JNM/M]Lu.vuein .

0.00|

() convex contour of section

Pile options

Type of pile

Driven displacement v

IDwision length of line supports [m]....

El

Surface surcharge [KM/m/m]...

Section perimeter calculated by

ection shape

(2) convex contour of section
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If User clicks on Option, the Pile option dialog opens. Here User can select the Type of pile, declare the
Surface surcharge (affecting the vertical stresses in case of drained soils), the division length of line
supports and can decide the method of the Section perimeter's calculation. Division length becomes a
very important setting in case on plastic analyses. The plastic limit forces are increasing with depth, but
along a line support it is constant. Consequently, the more line supports are created along the pile (with
the automatically calculated, increasing limit values) the more accurate plastic distribution of internal
forces we get.




A The feature has some important limitations!
- Pile model is used only for analysis purpose (displacements, internal forces),
geotechnical design calculations are not implemented yet.
- During the calculations soil must not be modelled as soil element.
Soil

[] caloulate soil as solid element |

- Negative shaft friction is considered in a load combination only if it includes "Neg.
shaft friction” load case, which is generated automatically when a pile is created
in the model with non-zero neutral level.

B Load cases @
Mo MName Type Duration class & “

(EN 1995 1-1)

Meq. Shaft friction Permanent

i&Meq. Shaft friction

Structure | Loads | Finite elements  Analysis  Foundatio

b [3¥] |[meg. shaeriction <[ JA] 1+]

Logd case, ComDingtion & groy|

B | Load combinations

i

Mo Mame Type | Factor | Induded load cases - 0K
1 Neg. shaft friction u Meg. Shaft fricion =
=0

Seismic max.

Seis res, Fx+HMx

Seis res, Fx-Mx Import / Expart
Seis res, Fy+HMy

Seis res, Fy-My
Seis res, Fz

References:

- Bogumit Wrana (2015) Pile load capacity — calculation methods. Studia Geotechnica et
Mechanica, Vol. 37, No. 4, pp. 83-93

- NAVFAC DM 7.2 (1984): Foundation and Earth Structures, U.S. Department of the Navy

- Skempton A.W. (1959), Cast-in-situ bored piles in London clay, Geotechnique, Vol. 9, No. 4, pp.
153-173

- Qian-qing Zhang, Shu-cai Li, Fa-yun Liang, Min Yang, Qian Zhang (2014) Simplified method for
settlement prediction of single pile and pile group using a hyperbolic model. International
Journal of Civil Engineering Vol. 12, No. 2, Transaction B: Geotechnical Engineering, pp. 146-159

- Vesic, A.B. (1963) Beams on Elastic Subgrade and the Winkler's Hypothesis. Proceedings of the
5th International Conference of Soil Mechanics, pp. 845-850
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3.5.

Horizontal bedding moduli of foundation slab

In the properties dialog of the Foundation slab a new option has been added.

From now, besides the vertical bedding modulus, the horizontal one can be specified by the User, instead
of making them equal to the vertical one. These three values define the motion spring stiffness of the

automatically created surface support group under the foundation slab. By default, the horizontal values
are the half of the vertical one.

'Du° lﬁ' — + &1 £+ £ Foundation slab
| '“ . A I N . o |3 — (=]
Foundation Bar o ? gLl |: @ 1
Eurocode E Rigid"
P 1.0000
Foundation slab ‘ ‘ ﬂ] < E
General | [355 siab Zi_'.}j Mat=rial
o
N — s
o
Remove soil above slab (basement)
Bedding / / \
Vertical bedding modulus Je/m2/m] ... 10000 / -}( /
' bedding modulus [kN/m2/m] ...ovvuieins 5000 7/ L
Surfa rt F.0.0
¥ bedding medulus U/m2f] .. ........ 5000 e
K ebjm2ym] ... 5000/ 5000
—— Ky fjm2jm] ... 5000/ 5000
Kz' [kN/m2fm] ....... 10000/ 0.000e+00
7] Apply PIfsC kfm2] ... ]
E modulus [kN/mZ] .... Pify N/mZ] oo
PIf,2 N/m2] vveins
Thickness [m] . i
Detadh uuvvieeeenen 2 tens
Unit mass [t/m3] ..
Limit stress [N/MM2] vovvveeieensinnnnninn 0 e
Gamma M (U | Us, US) wvovvveuieners B
L4
o]
\_ — — —— —

This modification has a strong connection with the recently added Pile element. If User would like to
model a pile group connected to a foundation slab, the reduction of the horizontal stiffness of the
foundation slab can be reasonable. As piles have horizontal supporting directly by the surrounding
soil, they are able to carry either the total or a portion of the total horizontal loading.
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3.6. Camber simulation option for Beams and Profiled plates

A new option has been implemented for beams and profiled plates thatmakes easy to simulate camber

of the elements. It can be found in Beam and Profiled plate dialog/General/Camber simulation by
prestressing.

Beam/Column ﬂ Profiled plate/wall &’
T I
General I Section | @ Material End conditions General JOC Section @ Material Border |: 1‘ Panel
b = L= i
Tdentifier {pOSIton NLMBET) .vvv.vvevree Identifier (.position UMbEr) ......v.vvveereceovvens (=
Rotation Model Eccentridity (display only)
.................. 0.000 Physical model ..........ooeu.
Apha (7] [oo0 | . TET -|| | .
Alpha is measured from default Li
direction of y* axis. The default Panel type identifier .......... I:l —
direction is usually horizontal and in
case of vertical elements points to Gap between panels [m] .... | 0.00300 AGIMENt e _—
global y direction.
Analytical model .............. l:l . P 0,000
/| Camber simulation by prestressing
Transverse flexural 00
stiffness factor .......ooene *
Total force [N] ..c.e.... 100

To calculate camber a camber-type load case needs to be defined. The effect is calculated as a kinematic
load.

B | Load cases

oo

No Mame ‘ Type ‘ Duration dlass - Ok ]
(EN 1995 1-1) [
1 Camber +Camber sim.  |Permanent
Ordinary
+5truc. dead load _
+50i|_dead load Impart [ Export >
Eurocode code: Load cases - Camber - (U} - Translational displacements - Graph - [mm]
re
+5eiz load, Fx+HMx
+5eis load, Fx-Mx
+5eis load, Fy+My
+5eis load, Fy-My
A Camber calculation gives statically correct result only for non-eccentric, hinged beams
and shells. This only corrects the displacement result and no internal forces will rise in the
model.
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3.7. Easier definition of column corbel’s load position

The column corbel’s load position is measured from the column axis, instead of the edge of the corbel,
which is easier to define.

In version 16:

Corbel *

General I Section ﬁ End conditions @ Material

Identifier {.position number) ..o | CO|
Geometry
Alpha [] ....... 0.000 v
90°
z Automatically adjust "d” to
¥ bounding rectangle of
180"— o column
| <1571 [P 0.200
270"
T —

0.000

*d" and "e" are measured from physical axis =~ M) oo
of column {center of gravity of column

cross-section) icq [ ] — 0.150

oK Cancel

In version 17:

Corbel *

General I Section @ Material £ End conditions

Identifier {,position MUMBERY .o e | cal
Geometry
Alpha [T oo 0.000 ~
a0” . e i
2 Automatically adjust "d” to bounding
¥ rectanale of column
180" — g
| e 11511 [P 0,200
270"
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3.8. Post-tensioned cable

3.8.1. General

Modelling
Post-tensioned cable object (hereinafter PTC) is a structural component, modelled by equivalent load
system.

A Currently the unbonded structural design modelling is available.

The object contains of the shape (continuous line), the reference line (dashed line) and an arrow marking
the active end.

The following figure shows a post-tensioned beam after jacking: the actions on the cable a), the actions
on the structure b) and the modelled forces acting on the reference line c).

A Besides the equivalent forces in \
the I(ljcal z d:e(fti:n from :c[:e 2 b JLU L‘u UJ_ i U_LULL‘LLL ht
angular eviation, e

neglected x' component of the
angular deviation, the friction

force, and moment caused by b) — IL/:I t r H

the friction force - cable F ~——.HU~U_T,UJ+MLL” A

eccentricity (relative to the

reference line) could be
significant along the reference Q)

line. PITHTTAT AT T frifstia
The plane of the shape can be modified by using “Change direction” or “Rotation”
= functions.

The definition of a PTC automatically creates two load cases:

- PTCTO: Initial stress state (after the jacking process, it contains the short term stress losses)
- PTCT8: At the end of the design lifetime (it contains the time-depenedent stress losses)
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Definition process

Post-tensioned cable command can be launched from Structure/Bar component/Post-tensioned cable
and Structure/Shell component /Post-tensioned cable.

indation design ~ RC design  Steeldesign  Timberdesign ~ Perfor

rRA RS A S 49;'%%&:&/@/3 fe i b @ 1 EMA ] OF
=4

Foundation Bar Shell

Post-tensioned cable for shells
[
/ Post-tensioned cable for bars i

Paost-tensioned cable for bars n Post-tensioned cable for shells u
1 1 : 5
2|l 13 P me:::
[l Paraholic shape by axes  AfLo {infl.) .. D/Li infl.) [“IParabolic shape by axes  Aflo (infl.) .. D/Li (infl.)
/" | OReverse shape BlLo (min.) .. Ei {min.) .. /| [Reverse shape B/Lo (min.) .. EAL (min.) ..
A Auto cale. min. positon  Clo (infl.) .. [ Auto calc. min. position  C/fLo (infl.) ..

N\

~

B.O-PTCO

After clicking Post-tensioned cable the Tool window shows up and User needs to pick the parent object
(bar or shell), then define the line of the PTC. The two Tool window work slightly different: after the shell
selection the user can define multiple cable.

It is strongly recommended to use Axes: all aid functions (Macros, Shape wizard, Layout
2 wizard) highly rely on them. It could greatly speed up the definition process.
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Properties dialog: General tab

By clicking Default settings or Properties the Post-tensioned cable dialog opens.

Post-tensioned cable = |

General | \_/" Shape Results | [T Manufach..lring‘
Tdentifier (.POSHION MUMBETY . ... vvvvveeeiveve e e iereeeeeere e esenenen s | FTC
Strands Short term losses (TO)
TYPE vvvvriinns ¥186057-15,7F1C1 = Curvature coef. [ ..o 0.05

UMDET v Wobble coef, [1/m] ...
Anchorage set slip [mm] ..oeeeenns
Jacking
Elastic shortening loss [N/mm2] .... Estimate ES...
Jacking side ........... Start thenEnd

. Long term losses (T8)
Jacking stress [NfmmZ] ....... 1488.0 General V Shape
Creep stress loss [N/mmZ] ..........

ShadkacesesshisS iNmn Iy Identifier {,position number)
Relaxation stress loss [N/mm2] .... Estimate T8...

I_‘ Result:

Strands
Start = (A) {B) [ (=] {D) = End L)) - Y136057-15,7F1C1 -
Libra
1
T 40 Number Y186057-15,7F1-C1
E w0 Used types
= i ¥186057-15,7F1-C1
$ -0 Jacking Edit library...
z
-160 Jacking side ........... Start thenEnd =
a.00 250 500 7.50 10.00 12.50 15.00 17.50 20,00 22.50 25,00 Stort
Length
ngth [m) Jacking stress [M/fmm2] gng
Start then End
R

Strand type can be selected from the strand library. The strand library can be edited by the
User by clicking Strands/Type/Edit library...

Strand library X
Y 186057-15,7-F1-C1 NEITIE +eeeeemmssseseess s s snes Y 186057-15,7-F1-C2 |
¥186057-15,7F1-C3

e L [P 1380.0
AP IMMZ] coeeere e 150

T PO
T ) B

Relayation dass .....eaeussnessnansnenranassns Class 2 ~

Rho 21000 [%6] vooveeeeiiieeeeeseeeseeeseeen e 2.50

Mew Modify Delete Import... | | Export...

In the same dialog User can select the Jacking side in the drop-down menu next to Jacking side. Jacking
side options: Start, End, Start then End, End then Start. The last two are Both-sided jacking with same
stress, but it was necessary to distinct, because the effect of draw-in could results different stress
functions using shorter cables.

Jacking stress is calculated as 0.8 * f,, by default after the Strand type selection.

The cable force is reduced by several losses. Their settings are on the right side of the dialog:
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Short term losses (initial, TO):
- friction: It is estimated by EN 1992-1-1 5.10.5.2 (1) (formula 5.45) using the Wobble (k)
and Curvature coefficients (p):
AP, (x) = Ppgy + (1 — e HOkX))
- anchorage set slip
- elastic shortening

Long term, time dependent losses (final, T8):
- shrinkage of structure
- creep of structure
- relaxation of post-tensioned cable

The Elastic shortening loss and Long term losses can be estimated by the specific dialog.

Estimate long term losses (T8) &J
E:l
i':crs“—:p + U.Bﬁ(ﬁ'pr T _[P[t- rIJ bc.QP
Ecm
AOp pisir I3 y
14 _I=£| 1422 22 |14 080lt,t, ]
em Ae | ¥ )

Estimate elastic shortening loss &J Delta sigma pr [N/mm2] ....ooovviiiiinnns 102.06]
sigma ¢, QP [N/mmZ] ..ovvvvviiiiniieien, 6.52
Data to apply EC2 5.10.5.1. (2) (formula 5.44)

Mumber of strand on the structure Shrinkage [%e] «vvovvinni 0.00
T T | [ 3.00]

Creep € [ veevvvienninininennennaeens 0.00
Avarage stress in the strand [Mfmm32] ..... 1384

Ecm [N/MM2] vennvvrennninrerinerniin, 33000
Eem,t [NMMZ] coveieeieiecvevevevsiann 33000

ACIMMZ] v 90000
ACTMMZ] oo ceiin e 30000

LE ML +oveeeseeeeeerseneseeeeeerenans 1518750000
LML +oereereeeeeeeere e eeeee e e 1518750000

2=« 1 111 -225

Calculated long term losses (T8)
Caleculated stress values

Creep stress loss [Mmm2] v 0.00
Avarage stress in the structure [N/mm2] ..... 27.67
2 (/3] Shrinkage stress loss [NMMZ] . 0.00
Elastic shortening stress loss
according to different jacking time [Mjmm2] .. | 54.50 Relaxation stress loss [N/mm2] ......ccvvvves 78.55
[ ok J[ conca | [ ok [ cancel |

Elastic shortening loss can be estimated by Estimate ES... button. This dialog is automatically filled with
the parent object’s data. Calculate stress values are the result of the estimation and the Elastic shortening
stress loss field is applied on the General tab if the User accepts. It uses modified EN 1992-1-1 5.10.5.1.
(2) (formula 5.44) to handle sparsely placed cables:

|

Z iAo,
AO‘el = Ep []E <
cm

n—1
ifnZZthanj=7

elsej = 0.5n

Where n is the Number of strand.
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Average stress in the structure (o) is informative only.

Long term losses can be estimated by the Estimate T8... This dialog works as the previous one: fields are
filled with the parent object’s data and the calculated results are at the bottom (Relaxation information
is in the Strand library). It uses EN 1992-1-1 5.10.6 (2) (formula 5.46). The summation of the calculated
long term losses is equal to the result of this interaction formula.

Estimation dialogs calculate cross section data for Tm wide stripes if plate object is the parent.
Both estimation dialog is available during the Default settings editing, edit fields are filled with zeros.
Properties dialog: Shape tab

On the Shape tab there are settings related to the geometry of the cable.

Post-tensioned cable &J
General | \_/" Shape Results | [ Manufacturing
No. Type ¥ z Tangent | = | Top [MM] ceerirrneinns 60,0
[mm] [mm] 7

Base point 0 -225 0.0 Bottom [mm] ......... 80.0
2 Inflection place 300 i} 0.0 -
3 |Base point 3200 -330 0.0 iz
4 Inflection place 6400 0 0.0 Sortby x
5 Base point 8000 -60 0.0
& Inflection place 10001 0 0.0 |5
7 Base point 13001 -380 0.0
8 Inflection place 16001 1] 0.0
9 Base paint 13001 &0 0.0 Equilibrium status of equivalent transversal loads: OK!
10 Inflection place 19601 [i} 0.0 Summated [ Accummulated forces: -0.14 kN /925,60 kN
11 Base point 22801 -390 0.0
12 Inflection place 25201 i} 0.0 Minimal radius of curvature: 7,758 m
13 Base point 26001 -225 0.0 ~| [] pisplay physical element

Start = (A) (8 [{] (D) = End

E -

£ .

o

k]

S

’ 0.00 250 5.00 750 10.00 12.50 15.00 17.50 20,00 22.50 25.00
Length [m]
Add to documentation... [ OK ] [ Cancel ]

The Shape table can contain Base points and Inflection places: these determine whether linear or

parabolic shape is applied.
Base point: A point with exact position, user known x’ — z' coordinates and the angle of the
tangent. Usually minimum and maximum places and end points. (Black rectangles in the

preview.)

Inflection place: A function connection place (xinf), where user defines x coordinate only. Using it between
Base points determines two parabolic function: f, and f,.1 where C' continuity is fullfilled: f(xinp =

fos1ing), FnXing) = Fn+1(Xing). (Blue circles in the preview.)
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A “Inflection place” is not an accurate mathematical expression in this feature: the change

of function convexity is not ensured. However this term makes recognizable the

underlying function.

For x’ and z' fields some macros are available:

- X' macro: Start, End, Axis distances
- Z' macro: Top, Middle, Bottom

The Top and Bottom values mean the distance between the axis
of the cable and the edge of the element. These values are used
by the z" macro and Shape wizard.

Using Shape wizard (Shape wizard... button) parabolic shapes
can be easily created. This tool highly relies on previously
defined axes. The Axes define outer (marked by o) and inner
spans (marked by i) along the PTC. At the span ends Base point

T Manufacturing

Tangent | = | Top [MM] vvvvrirninns 00.0
4
5 0.0 Bottom [mm] ......... 60.0

0.0 Sort by x

0.0

(=N =R = R =]

will be created with maximal z' coordinate, the minimal (B, E) place of the Base points and Inflection

places (A, C, D) can be defined by ratio of spans (Lo and Li). B/Lo and E/Li minimum positions can be

calculated automatically by checking the box next to Auto calc. min. position. At that time these textboxes

are disabled.
Shape wizard &]
Parabuolic shape by axes defined spans

Cancel

;\B\m_ 'E'/'i/.;" _'L\;;\"E’"/
B E
s &= Z s

Lo . Li !

[ reverse parabola

Auto calculation minimum position

Aflo (infl) oo 0.10 DLiGnf) e 0.20
BfLo (Min.) oveeniennn 0.45 EJLi {min.) vvveianenns 0.50
Cllo (infl) covviinnn 0,20

Minimal distance between the considered axes [M].....u...

The same settings can be found in the Tool window as well for easier definition:
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Post-tensioned cable for bars @

2]l
[¥]Parabolic shape by axes  AfLo {infl.) .. DL {infl.)
v ["|reverse shape B/Lo (min.) .. E/Li (min.) ..

[¥] Auto calc. min, pesiion  CfLe {infl.) .. | 0,20

A It is not recommended to use Beam/Apply default physical alignment option for beam
containing PTC, since it can cause unnecessary eccentricity in the shape because Shape
wizard uses the physical element.

Beam n
2300ttt/ Q]

M= | |

[iapply default physical alignment

By allowing the Display physical element optionthe section of the cross-sectioned element is shown.

| 13 Base point 26001 225 0.0 - || [¥] Display physical elementl
e e pr ey W)
2] (4] 18] (8] (10) (12]
E
E
£
=J
-1}
kS
U.-IJO 2.50 5.00 750 10,00 12.50 15.00 17.50 20,00 22.50 25.00
TR
{@} Display physical element option shows all cross-sectioned element, the parent object is

signed by dark-grey, the non-parents are signed by light-grey.

The Equilibrium status and Minimal radius of curvature are also displayed.

0.0 Equilibrium status of equivalent transversal loads: OK!

0.0 Summated [ Accummulated forces: -0, 14 kN [ 925,60 kN
0.0

0.0 | Minimal radius of curvature: 7.758 m

0.0 ~| [ pisplay physical element
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Properties dialog: Result tab

Result tab is implemented to make easier the checking process. There are several results -listed in the
order of calculation - which can be chosen from Result tab/Result drop-down menu.

Post-tensioned cable u
\_/" shape @ Results | [T Manufacturing
1
Radius of curvature
| Angular deviation function
Stress function with friction losses |
Stress function with anchorage set slip losses ]
Stress function with elastic shortening losses (T0)
Stress function with all time dependent losses (T&)
Equivalent force for 1strand (T0)
Equivalent force for 1strand (T8)
Equivalent force for PTC {T0)
Equivalent force for FTC (T8)
—
| R
“o.o0 250 5.00 7.50 10.00 12.50 15.00 17.50 20.00 22.50 25.00
Langth [m]
Start = (A) 1G] <) {0 = End
10
ol
E
E, -160)
£ -zsu|'\
]
T -EBI
=460
0.00 2.50 5.00 7.50 10.00 12.50 1500 17.50 20,00 22,50 25.00
Lenigth [m]
I [ Add to documentation l l Ok I [ Cancel ]
|

Stress functions can be displayed in fpk ratio by Display stress functions in f pk ratio option.

Result vvvivernniiens ’Sh’ess function with friction losses '] Display stress functions in f pk ratio
1500
1485
1470
1485 T
"E 1440 RESUIE vvvveersinres [St'essﬁncﬁon with friction losses '] Display stress functions in f pk ratio
= 1425
= —
1395 ‘>
1380 0.785
1365
1350 0775

0.00 2.50

Tension [ pk]
&
&
un

T

0.755

0.745

0.735
0.00 250 5.00 750 10,00 12.50 15.00 17.50 20,00 22,51
Length [m]
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The example shows a typical Stress function in the T8 state and an Equivalent force at TO

state.

....... |Sh'ess function with all time dependent losses (T8)  ~ | [+ isplay stress functions in f pk ratio

0.700

/

é

5

Tension [F pk]

é

0,680

0675

0,00

2.50 500 750 10,00 12,50 15.00 17.50 20,00 22,50
Length [m]

....... Equivalent force for PTC (T0) v

Force [kMN, kh/m]

250 500 7.50 10,00 12,50 15,00 17.50 20,00 22,50
Length [m]
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Properties dialog: Manufacturing tab

On this tab the Manufacture drawing can be set with proper x’ and z’ shift.

Post-tensioned cable u

General | \_/ Shape Results | T Manufacturing
' shift [mm] ... 2 shift fmm] ... | 450.0 | [ Egot. || ceneraepoints.. || Editpoins >
330 390
E
E s 235
E
o
a
T
a0 a0 a0
0.00 320 8.00 13.00 18.00 22.80 26.00
Length [m]
Start = (A) () © (D) = End
i
— B0
£
E, -160
b
% -260
T -3a0
460
0.00 250 500 7.50 10,00 12.50 15.00 17.50 20,00 22,50 25,00
Length [m]
Add to documentation... [ OK ] [ Cancel

The Manufacture drawing can be exported into AutoCAD by clicking Export...

File name: |

Save as type: ’AutoCAD drawing (*.dwg) - ]

“ Hide Folders
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To fine the division section points can be inserted along the cable. Click Generate points to open the

dialog. At the third option the division-distance can be set by the User.

Generate points ﬁ
[ Manufacturing
Generation settings
Apply Base paints | 450 | [ Export. .. ] [ Generate points. .. ] [ Edit points =
[ Apply inflaction places 50
[ Apply regular divison [m] ...
[ OK J [ Cancel ]
E
E 225 235
]
a
kS
&0 Al an
0.00 3.20 .00 13.00 18.00 22,80 26,00
Lanagth [m]
Generate points M
[ Manufacturing
Generation settings
- | 450 | [ Export... ] [ Generate points. .. ] [ Edit points =
[ Apply Base points
Apply inflaction places
[ Apply regular divison [m] ...
[ K J [ Cancel ]
— 2
13
E a5 225
=)
£ 1
0.000.80 6.40 10,00 16.00 19.60 25.286.00
Length [m]
Generate points M
[ Manufacturing
Generation settings
[ Apply Base points | 450 | [ Export... ] [ Generate points. .. ] [ Edit points =
[ Apply inflection places 390
Apply regular divison [m] ..§| 2.00
[ oK ] [ Cancel ]
— 58 2
E
E 25 2 . 25
)
g
T
91 a1
74 J2 & 74
| | | |
I 0.00 2.00 4.00 5.00 B.00 lﬂ.llﬂ 12.00 14,00 16.00 18.00 20.00 22.00 24,00 26,00
Langth [m]
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The position of each point can be edited with Edit points button. By clicking Sort button the points will
be sorted by their x’ value in increasing order.

' shift [mm] ... l:l Z' shift [mm] .... E

390

Edit points =

Sort

Height [mm)]
Pk
i |
i

Cloze

0.00

¢ shift fmm] ... D 7 shift [mn] ...

‘ [m] ‘— =
1 0.00
2 3.20 No. X |; Sort
o 7 \, "
1 0.00
e T9.00 =
3 HE 2.00 =
5 18.00 E
. 80 3] 3.20] E s
' 4 13.00 | = )
7 25.00 5 g
5 18.00 =
i g 22,30
E 7 25.00
~ a1
| &0
I



Documentation

By clicking Add to documentation... User can decide about the content of the documentation.

Display option lﬁ
Table of content Appearence
General data Graphs width [mm] .....

Radius of cu.rv.amre Graphs height fmm] ...
Angular deviation

Stress function with fricion losses Text covns
Stress function with anchorage set slip losses

Stress function with short term losses (T0) Graph ...
Stress function with long term losses (T8) I [ Cisplay stress functions in I
Equivalent force for 1 strand (T0) fipkxaho

Equivalent force for 1 strand (T8)

Equivalent force for cable (TO)

Equivalent force for cable (T8)
Manufacture drawing

OK ] [ Cancel ]

The example shows the first page of a typical PTC documentation.
P1.PTCA
Post-tensioned cable details
General data
Strandtype: ¥ 18605715 7-F1-C1
Strand Mo 3

Jacking stress: 1488.0 N'mnv; 0.800 * f pk
Jacking side: Start

Curvature c.: 0.050

Wobble ¢.: 0.007 1/m

Anchorage set slip: 6.0 mm

Elastic shertening less: 0.0 N'mm?; 0.000 * f pk
Creep stress loss: 0.0 N'mm?; 0.000 *f pk
Shrinkage stress loss: 0.0 N'mm?; 0.000 *f pk
Relaxation stress loss: 0.0 N'mm?; 0.000 *f pk
Length (projected): 8.000 m

Length (real): 8.026 m

Stress TO at Begin: 1319.5 NWmnv; 0.709 * f pk
Stress TO at End: 1341.7 Nmnv; 0.721 *f pk
Stress T0 avg: 13308 N'mm?; 0.715* f pk
Stress T8 avg: 13306 Nmme; 0.715 * f pk

Angular dewviation function
025

023 -/-/r

020 =

018
-

215
213 X -
a1 -
: e
L]
005 //
J”/

LLE] o

Angular ceviation [rad

%00 100 zm 3m m 5m 500 70 800
Lengn ]
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There are three connected lists available:

- post-tensioned cables: Major and General tab data
- post-tensioned cables secondary data: Stress status and quantity estimation
- post-tensioned cables manufacture table: Manufacture drawing coordinates

T: N List objects. ..
Structure al -
- Finite elements Data Aa BbYYZZ 4
- Quantity estimation Concrete materials
=} Analysis Sections
oad cases Beams
) . Plates
Moving load maximum —=
mperfections Post4ensioned cables Hide irrelevant
oad combinations Posttensioned cables secondary data tables
- Post4ensioned cable manufacture table
Max. of combinations Regional decimal
i Maximum of load aroups svmbol instead of

Post-tensioned cables

D Strand type Strand No. |Jacking stress | Jacking side | Curvature c. Wobble c.
] [] -1 [N/mmz] [] -1 [1/m]
P.1.PTC.1 Y186057-15,7-F1-C1 3 1488.0 | Start 0.05 0.007

lAnchorage set slip |Elastic shortening loss | Creep stress loss | Shrinkage stress loss |Relaxation stress loss
[mm] [N/mm32] [N/mm2] [N/mm32] [N/mm2]
6.0 0.0 0.0 0.0 0.0

Post-tensioned cables secondary data

D Strand type Strand No. f pk Stress TOS | Stress TOE |Stress TO Avg
[-] [-] [-] [N/mm2] [N/mm2] [N/mm2] [N/mm32]
P.1.PTC.1 ¥186057-15,7-F1-C1 3 1860.0 1319.5 1341.7 1330.6
Stress T8 Avg | Min. radius of Curvature | Length (projected) Length (real) Length (all strand) Volume
[M/mm?2] [m] [m] [m] [m] [m3]
1330.6 27.719 8.000 8.026 24.077 0.004
Mass
[t]
0.028

Post-tensioned cable manufacture table

D x' shift z' shift Point ID X z'
[-] [mm] [mm] [-] [m] [mm]
P.1.PTC.1 1 100 1 0.000 240
2 1.000 122
3 2.000 32
4 3.000 -22
5 4.000 -40
G 5.000 -22
7 6.000 32
8 7.000 122
g 8.000 240
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Handling multiple PTCs properties

If the PTC-s have the same settings, length and shape, all features of properties dialog are available,
otherwise only the common properties appear.

Post-tensioned cable

s

General

/" shape | Results |m Manufacturing

Identifier (.position number) .... .|

strands short term losses (T0)
Curvature coef. [] ..

Nomber ..... Wobble coef. [1/m] ...

Anchorage set siip [mm] ...

Jacking

Elastic shortening loss [Mjmm3] .... | 0.0 Estimate 5.,
J—
Jacking stress [Nfmm2] ....... 1488.0 Long ermlosees (1)

Creep stress loss [Njmm3] ... 0.0

shrinkage stress loss N/mm2] ... | 0.0

Relaxation stress loss Nfmm2] .... | 0.0 Estmate T8...

Prview s not shown: Muliple cables were selecte with different gecmetry.

Post-tensioned cable ==
‘ General | “\_/" Shape Results | T Manufacturing
Result ... Equivalent force for PTC (T0)
Praview is ot shown: Mutiple cabies were selected with different gecmetry.
Preview s not shown: Multisle caties were selectad with cifferent geometry.

Others

Add to documentation... and Manufacture tab/Export... functions are available at multiple
selection and they document all selected cables at the same time.

Post-tensioned cable option is added to the Colour schema. Available colour modes: ID, Strand type,

Strand number, Jacking side.

PTCs can be selected by several option of the Filter: Structural element, Identifier, Strands

PTCs have detailed tooltips supplemented by length and Stress status (connected chapters from the EN

1992-1-1:5.10.2.1 (1) and 5.10.3 (2)).

L . t ) ) i
Post-tensioned cable: P.LPTC.0
| strand type cvveveeeeee Y186057-15, 7-F1-C1

Strand number .
_| Jacking side ..o
Jacking stress [N/mmZ]

1
.. Start
1488.0 (0.800 * fpk)

_| Shert term losses

Curvature coef. [] .oovvninnnnn. 0.05
Wobble coef, [1/m] ....ooovvnnnns 0.007
Anchorage set slip [mm] ..., 8.0
Elastic shortening loss [N/mm2] . 2.7
Long term losses
| Creep stress loss [Nfmm2] ....... 10.6
- Shrinkage stress loss [Nfmm2] .. 3.9
—~ Relaxation stress loss [Nfmm2] . 85.1
Length
=1 Projected [m] . . 37.878
Reeal [M] oo 37.894
™ stress
T0 at Start [N/mm3] 1365.3 {0.734 = fpk)

TO at End [MfmmZ] ....

TO avg [M/mm2]
T8 avg [M/mm2]

. 1404.1{0.755 = fpk)

1406.8 (0.756 * fpk)
1307.3 (0.703 = fpk)
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3.8.2. Layout wizard

It is a parametric tool to create a set of PTCs in a specific layout at the same time. It can be launched
from Structure/Shell component/Post-tensioned cable/Layout wizard.

Post-tensioned cable for shells

2212 0H

\/ [Jreverge shape

Parabdic shape by axes  AfLo (infl.) .. D {nfl.)
BfLo (min.) .. EfLi (min.) ..
[ Auto cflc. min. positon  CfLa (infl.) ..

- Select——»
plate

Post-tensioned cable layout wizard

Load settings

Considered load [kM] ..... ESlmc. dead load! i | 2600.0 |

Direction and shape settings

Used firecion ...coessssssssssssees
Minimal strand number
Maximal strand number
Top [Mm] oo

Bottom [Mm] ....-cccoeeesesnnnnsanes

e ot et il etead o
Minimal distance between the considered axes
using shape wizard [M] ..o

Uneaqual loading

Column span load ratio [%] ... IZI
Column span width ratio [%] ..o

Different strand number
Placement

PTC - PTC minimal distance [mm]

PTC - PTC maximal distance [mm] .... | 1500
PTC - Column minimal distance [mm] .

Minimal length [M] «.vvevvvervvennnennn, .00

Prefer less cable with more strands

Delete the previously defined cables from the shell

Generate Close

The Layout wizard searches the closest solution to the Unequal loading settings from the PTC layout
variations which fulfilled the following conditions:

- difference between the sum of the PTC's forces acting in local z+ direction and the
product of Considered load and Balance ratio is less than the Maximal deviation

- geometrical requirements

The Layout calculation process shows the currently calculated layout parameters and a few indicator

values. After the calculation it shows the parameters of the best found solution.

Layout calculation

Initial data approach

Load [kN]: 7620.6 / 6750
Balance ratio [%a]: 112,9 f90
Deviation [%]: 22.9f10
Column span load ratio [34]: 50.1f55
Layout status

Cable number: 104
Estimated avg. sigma x' [N/mm2]: 1.46
Estimated avg. sigma y' [N/mm2]: 1.57
Equivalent transversal loads x'fy' ratio: 148

Progress: 148 [ 165

Apply

X
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The function uses Axes to divide the selected structural element to stripes (Mid span and Column span)

assuming columns in the axes cross points.

G
N ——
I

|
I f
777
| A
AT 4
s Y i
[ s ﬁﬂﬁ/fﬁ//r/////////////i’[.,,////.‘
O |
7 AR /

™ VT el 2T Y e 2L T4 |

Azl ek | “

I !
|
L
i e spa I s
A RN AT F NN e Ll A A

The algorythm can handle the holes of the plate regions.

Checking Shape wizard using height [mm] instead of physical model option could highly

% reduce the runtime if the selected plate’s thickness is constant.

At least two Axes crossing the plate are needed to use this function.

3.9. “No shear” edge macro for Plane walls
“No shear” macro has been added to the Edge list of Plane wall edit tools. Using it defines edge

connection with predefined “No shear” rigidity type on the defined wall’'s bottom edge.

Plane wall \El
2 B0 0a/]je o]
hm] ...... 3.0000 | t1[m]..... @ Alignment ... ——— «

Ii :l Placement () Above 2 [m] ..... 0.20000 Edges .........
@Below  Aphalf]...

It is the recommended wall definition method to create a non-bracing system element.

The following example shows a displacement graph of a multi-storey building where W.4

wall is not part of the bracing system.

76



“No shear” rigidity type settings with free local x' motion rigidity:

rl_ine connection library u1
NI« seeeeeeee et eeeeeee et enen e e ee e eeeeens |No shear |
Motions [kM,m/m] Plastic limit forces [k m]
Compression Tension Compression Tension
Kol 0.000e+00 0.000e+00 - B[ Loo0e+15 | B[ toooe+s |
Ky L000e+07 1.000e+07 B[ Loo0e+15 | B[ toooe+s |
K2 1.000e+07 1.000e+07 B[ Loo0e+15 | B[ toooe+s |
Rotations [kNm,jm/=] Plastic limit moments [kim/m]
Compression Tension Compression Tension
o L745e405 - 1745405 ¥ B[ Lo00e+15 | B[ Loooe+s |
Cy L74%+05 v [+ 1745405 « B[ Lo00e+15 | B[ Loooe+s |
7 L745e+05 1745405 ¥ B[ Lo00e+15 | B[ Loooe+s |
Predefined types Behaviour
11 =T TN
I ETIEEY e
i i T T Friction fAactor .vuvieesinnnn
—

3.10. Wall corbel

Wall corbel is a new structural element. It can be found in the Structure tab/Shell component/Wall corbel.

ﬁ:l ﬁﬁl ﬁg W’:l ﬁﬁl ﬁg

Shell

In the tool window it can be set whether the corbel should be adjusted to the positive or negative side
of the wall according to its local coordinate-system.

Wall corbel E
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[S]| | Wall corbel

Gerers || o Cm| i Maw‘

| Wall corbel
Emadl ‘ t] Connection @ Mabenal‘
TYPE ovevreeieerrns Custom -
Motion springs [kN/m/m] Plastic limit forces [k/m]

Compression

Tensian

Compression

Tension

Identifier (.position number) ....ocovvveiiiiinieinnie i,

Geometry

ke 1000407~ o] LoDBe+07 -

| 1.000e+15

\ | 1.000e+15

Ky' 1.000e+07 vH 1.000e+07

| 1.000e+15

‘ | 1.000e+15

ke 1000407~ o LoDBe+07 -

[1[ Lo00e+15

| [ Looge+15

E . =
X line:

Rotation springs [khm/in/<] Plastic limit maments [m/m]

Compression Tension Compression Tension
Cx L745e+35 v 1745405 - |1.000e+15 \ |1.000e+15 \
Cy 1745405 v H 1745405 v | 1.000e+15 ‘ | 1.000e+15 ‘
Cz L745e405 v 1745405 [1[ Loove+s | E[Loote+ts |
Predefined types Behaviour
Local system

Wall corbel can be placed on Plane wall only.
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3.11. Editable surface connection (soil)

Stiffness properties of automatically generated surface connections are editable.

The example shows a settled foundation slab into soil.

Right click on the surface connection, then select Properties (see chapter 2.1.).

@ FEM-Design 17 - 3D Structure - Untitled
File Edit Draw Modify Tools Settings View Window Help

Structure | Loads  Finite elements  Analysis  Foundation design =~ RC design  Steel design ~ Timberdesign ~ Ferformance =sig
S O-hl] I, TN N KL L LS 0, 8 322 2 2 [B])] §
4 4 - sis] | El E | 30| = | A,
Structure grid Fo.. Bar Shell Support
Eurocode {Ma: Finnish)
J &
5|7 @
L
a3
a8|¢|e
ol 5|2 . ¥
2| @ oo .
. [m]
P = | O Ve 3
I rd
W B V.
" A = i
- #| 4
Fa:, <|:|>
?
4 |7 b
H-H L
. &l
¥ ! oo [
jv Surface connection X L
/i _ /
E General Data .
Y
1 TYPE i Custom ~ r—-l
E= Motion springs [kN/m2/m] Plastic limit forces [lkiN/m2] =
t' Compression Tension Compression Tension o
| ke [0.000e+00 o] [oo00et00 ~|  [O[tooce+is | O Looceris | b
i gy [0.000e+00 | [.000es00 | [O[1ooe+1s | Oftoooe+is | 1
0 k2 [Lovve+0s ][] 0.000e+90 O[1ooex1s | ()fvoooe+1s | 0
i’ 5
D Distance Behaviour ED ucs b
=) ) — DEBEN 11 vvvenss s Ztems. v £ 30 view ’
& [ 2D view 4
@ Setup "Rigid” » Cancel [] Hide selected
_— [] Hide all others
o [] Showall

I ? Properties... I 2

Model 1.

Enter command (Enter = Repeat command; RE = Modify):

79



4. Load

4.1. Construction stages

The Construction stages function helps to model and design the different building phases, and it helps

to determine the construction process affected displacement/internal force distribution of the finished

structure. Currently we implemented this feature for high-rise buildings, making the structural

element separation by the storey system, but it will be generalized to a user-defined stage system

in the near future.

Storeys must be defined to use Construction stages, since currently one storey is considered as one

Stage.

Construction stages can be defined under the load tab. Click “Generate” button to create stages with

the correspondent storey name.

Structure || Loads Wahysis F
AN E::3

T~

Construction stages

No |Stage description| I Activated load cases Partitioning
1 Storey 1 From this stage on
2 Storey 2
3 Storey 3
4 Storey 4

l

Adding loads to stages

Columns in the table mean the following:

- No: Number of the stage

Construction
i 5.1: Storey 1

{'_5.2: Storey 2

cs.

- C5.4: Storey 4

1(C5.1 part)
1(C5.2 part)
3: Storey 3
1(C5.3 part)

1({C5.4 part)

- Stage description: Name of storey which is built in the stage
- I (Initial stress): if checked, in calculation of the stage displacements will be reset to zero, but

other results (internal forces) are accumulated

- Activated load cases: Activated load cases for the stage

- Partitioning:

™~

Loads in each
stage

X

Cancel

Stage
Remove &l
Load case

Insert

Remave

This defines for each load from the load cases that how and when it is activated during the

construction stage calculation.

o onlyin this stage: Load case is activated in the specified construction stage and acts only

in this stage.
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Remaining loads from these load cases will not activate in other

stages.
Only in this stage (applied in 2nd stage)
La [T
Stage desaription P| Activated load cases Partitioning
iz:z:;: q Only in this stage q3 T
4 Storey 4
Construction qz | q2
L.CSA:Storey1l [ HEEE A
- [5.2: Storey 2
| i.g(CS.1-CS.2part) I
G.'::storevS - ql U . ql ,,,,,,,,,,,,,
- (5.4: Storey 4
o | ’
CS.1 CS.2 CS.3 CS4

o from this stage on: Load case is activated in the specified construction stage and acts in
this and also in the remaining stages — the parts of the loads that act on the previous
storeys are also activated in the specified stage

From this stage on (applied in 2nd stage)

Stage description | P| Activated load cases Partitioning q4 q
1 Storey 1 4

2 Storey 2 q
3 Storey 3
4 Storey 4

% [ 9 (111

Construction

. 5.1: Storey 1 9,
05.2: Storey 2

q(C5.1-C5.2 part)

05.3: Storey 3

q(C5.3 part) q1 i

G_A: Storey 4
i q (C5.4 part)

CSs.1 CS.2 CS.3 CS4

o shifted from first stage: Load case is activated in the specified construction stage and
acts in this and also in the remaining stages — the parts of the loads that act on the first
storey will act in this specified stage and the remaining parts of the loads that act on
the second storey will act in the next stage and so on (e.g.: flooring and covers)
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Shifted from first stage (applied in 2nd stage)

Mo | Stagedesciption P/ Activated load cases Partitioning

1 Storey 1 _— q4 I 1 q4 ‘ II
2 Storey 2 q Shifted from age t
3 Storey 3
4 Storey 4

Construction q3 q3

LCSLiStoreyl 0 PR T P

i (S.2: Storey 2

i teg{cs.1part) _ o

i (5.3: Storey 3 q2 Wi q2 .............

i teglcs.2part) ) " .

i (5.4: Storey 4 ' l

“-q (€5, 3-CS. 4 part) S :
9, [T 9 } I |
CS.1 CS.2 CS.3 CS.4

It is possible to add any construction stage to any load combination with the following limitations:
- Only one construction stage is allowed in one combination.
- Cannot combine a construction stage and a load case which is already activated in a construction
stage
- The fire and/or seismic load cases can be combined with only the final construction stage
For load groups only the final construction stage can be added too.

i@; The construction stages automatically follow all storey modifications.

User can start the construction stage calculation at Analysis/Calculation/Construction stages. There are
two calculation methods, so called Incremental “Tracking” method and “Ghost” structure method.

Calculations

M Ricutations Construction stages
m

Load cases

i|Wlj Construction stages
[ | mpergecuons

[ Load combinations
-] Maximum of load groups
D Stability analysis

Method
(®) Incremental *Tracking” method
() "Ghost" structure method

When incremental method is chosen, the model is built stage-by-stage. In case of “ghost” structure
method the full structure is in the calculation, but stiffness of those structural parts which aren't in the
specific stage is highly reduced.

Incremental “Tracking” method
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“Ghost"” structure method

022 o 045

"'j, l+ =

The construction stage results can be found in the New results/Analysis/Construction stages. For every
stage result the method name and the displayed construction stage (e.g. CS.1 Storey 1) appears in the
information panel.

Adding any new Construction stage result will open a "Construction stages” (result-display) tool to make
easier the navigation between the stage results and to animate the Construction process if it is needed.

Display result

e ' Translational displacements

[=I- Construction stages
[ [ranslational displacements

Load case tyPe vvvvvvveinens U - Ultimate ~ | Display options

Construction stages @ Graph
- Connectiof forces C5.1: Storey 1 (O Colour palette
(- Bar internbds C5.2: Storey 2
n C5.3: Storey 3
(- Bar str
{8 Bar stresses C5.4: Storey 4

Eurocode code; Construction stages - ES.B: Storey 3 (Incremental "Tracking” method)|- (U) - Translational displacements - Graph - [mm]
[ |

13 47 13

Construction stages n
[ cs.3: Storey 3 |
. | _— -
08 ! 08
. = 3 o~
- | [5cale

It's also possible to choose the construction stage in detailed results.
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[ FEM-Design 17 - 30 Structure - Untitled
File Edit Draw Modify Tooks Settings View Window Help

Detailed resut

B2.1 [ Construction stage =

100 1.00 < 1.00 [+
[Coemae ] % W |1l B 10 £

Quick change:

Jl - ¢
=S|/ &
=
L=
ol € ez' [mm] fiz' [°]
= 5 ®b 170 /P 0.0172 1\
9 O &l 1.28 ‘ 0.0129 ‘
Rl 5] == 0.85 } 0.0086 ‘
=4 Ol
g e 043 | Itm] 0.0042 Itm]
n|Al= -0.43 -0.0043 ‘
E g -0.85 -0.0086 ‘
4 |- \
—] -1.28 -0.0120
=] -1.70 -0.0172
®
=

The equilibrium dialog contains the construction stages, too.

Equilibrium *
Construction stages | |U - Ultimate e
Load cases [ combinations or Construction stages
C5.2: Storey 2
C5.3: Storey 3
5.4 Storey 4
Component Loads Reactions Error [%]
Fx(....| 0.00000 | 0.00000] | -|
Fy 0o ... | 0.00000 | 0.00000] | -|
Fz KN] ..., | -120.00 | 80.000] | 3333
My (k] ...|  0.00000) | 0.00000] | -|
My (k] .. | 18400 | -s0.00] | 7391
Mz m] ... |  0.00000 | 0.00000] | -|

It's possible to list the construction stages result, which can be found under Analysis/Construction stages.
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List tables

Ta

=

bles

- Structure

- Loads

- Finite elements

Quantity estimation
Analysis

- Load cases
- Maving load maximum
- Construction stages
- Imperfections
- Load combinations
- Max. of combinations
- Maximum of load groups
- Stability analysis
- Eigenfrequencies

Construction stages

Load case type

LI - Lltimate
S - Serviceability

Result

Equilibrium
Modal displacements

Bars, Displacements

Point support group, Reactions
Bars, Intemal forces

Bars, Stresses
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4.2. Pre defined Psi values for temporary load groups

There is an option for temporary load groups to choose predefined Yo, Y1 and > values.

Mo Load group Induded load cases ~ oK
I Cancel
Name ...
Import / Export =
TYDE neens Temporary il
Safety factor ...........
g L30 Combination method
PSID eeoereoeeoeeenns oo T (®EC06.10
(JEC06.10.8, b
sl oo
Load group
N (27 & ceocommcazeoemoomens 0.20
Insert
Description i Psil | PsiZ g~
0,50 0.30 ZEEE
Delete all
Imposed loads A 0,50 0.30)
Category B: office areas Load case
sert
Imposed loads 070 070 0.80 B

Category C: congregation areas

v
Impased loads 070 070 0.80] B |
Category D: shopping areas
v
Cancel

4.3. Ignored temporary load cases

Temporary load groups has an option to ignore in SLS combinations in Load group maximum results
and in Generating load combinations by load groups.

Name ... | |

Type...... Temporary -
Safety factor ........... 1,50

BEI ccocoomcemommmnaee 0.70

2 0.50 =
PSi2oieiiiiiaeniaeans 0.20

Potentialy leading load cases

Ignore in 5L5 combinations

Cancel

4.4. Deviation load improved

There are changes in deviation load macro.

User can set the value of “m"” instead of “alpha m”, which is calculated automatically from “m”.
The applied values can be given for each storey, which will be stored.

A checkbox has been implemented, which allows generation of surface load instead of point
load.
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- Loads can be defined in positive and/or negative direction, which can be applied with the

. . N . .
plus/minus buttons next to the icons Z‘, ’Z in the bottom-right corner of the dialog.

JAN

Deviation load

As many load cases will be generated as many buttons are checked.

2.

W

Mo

=

LY== TR R o LT ) B S oY )

10
11
12
13

Load Facto ~
oan ase | actor Considered force on storey [kM] ..... 0.000
Point load 0.00 .
alpha h (proposed value)......ooo.uve. 0.667
Line load 0.00 -
alpha h (applied value)
Surface load 0.00 P 0.667
Line temperature variation load 0.00
Surface temperature variation loi 0.00 m (proposed value) ..o,
Line stress load 0
m (applied valug).....ccooviviiininnnn, 2
Surface stress load 0 1. (eppi )
Point support motion load 0.00 BIPRE M e 0.866
Line support motion load 0.00 S0
Surface support motion load 0.00 Load value [N o
Mass 0.00
Wind load X+ o 5 T =122 T l=32=
wind load ¥+ oo || °= 0=

I Surface load generation instead of paint force I

Generate on all stories
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4.5. Notional load

This function generates horizontal load from non-horizontal loads using a conversion factor.

It can be reached in Load tab/Macro/Notional load.

£} | =5

NN O

MNotional load 1 Iﬂ lﬁ

I Motional load case Name ... Notional || Motional |
Conversion factor [3&] .....ooveeinninnn. 0.15 Mo Load case Factor | = Mo Load case Factor | «

[¥] considered z- direction loads anly Py — Py —

2 case 2 0.00 L 2 case 2 0.00

3 case 3 0.00_ L] 3 case 3 0.20

4 case 4 .00 4 case 4 0.00

= 5 Motional X+ 0.00 |4
2. & Mational X- 0.00
L 7 Motional Y+ 0.00
PP — ’,jr B
’ EC seismic notional load ] L 8 Motional Y- 0.00
ccording
1Sl ﬁ Sl 1 1
4| |—4— —+ | | ==
= ] .
-
[ o
Generate ] 3. Close
-

- Forthe notional load case a name can be given by typing it into the textbox on top of the dialog
- After clicking EC seismic notional load button, Load case factor will be set according to
parameters of Load groups the Load case belongs to. It uses EN 1990-1-1 A1.3.2 DK NA: 4; =
1.5%(X Gr" + " Tis1 ¥2,Q,,)
- After clicking on the Generate button, as many Notional Load cases will be created, as many

directions are chosen above the Generate button

The generated Notional Load Cases appear in the Load Cases dialog and they can be selected from Loads

tab/Current load case drop-down list.

1| Load cases lﬂ
No Name Type Duration dass o OK

(EM 1995 1-1) N
1asel Ordinary Permanent
2 case 2 Ordinary Permanent
3 case 3 Ordinary Permanent Import / Export =
4 case 4 Ordinary Permanent
5 Motional X+ Motional Permanent

Insert

6 Notional X- Notional Permanent i
7 Notional ¥+ Motional Permanent Delete
8 Notional Y- Notional Permanent Delete all

Finite: elements

The process of the load generation by Notional load macro is shown on the picture below.
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No Name Type Duration class
(EM 1995 1-1)
1 Dead load +5truc. dead load Permanent
2 Live load Ordinary Permanent
>

#

+

Notional load

Canversion factor

Load case

[AcConsidered 2-

1 Dead load

2 Live load

| Ecsesmicnotionalload |

According to ECO A1.3.2

_.
—+

v
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4.6. Load comments

A new property — Comment - has been added to all load types. With this new feature the User can label
every single load in order to easily identify them.

The comments can be set for every load types in the Default settings/Properties dialog.

10.0 kN/m,

.0 kN/m

r ™
Line distributed force / ﬂ

1 2 gl Ml 10000, Iﬂ
! | Q2 [Km] e 7000

Load case ... force v

Comment ........

Intensity meant along action line.

iy | Qs
AT | 07y | (e.g. dead load)
Ty | U

Direction is constant along action
\ \_ line. (e.q. snow load, dead load)

Load comments can be turned on/off by Settings/Display/Load dialog's Display comment option.

( Settings ﬁ

@ Settings
[+ Environment ‘ LDad |

{1 Drawing

[ Calculation Graphical options Temperature variation
=[5 Display =
VD t izefScale [m] ....... .
,,,,, " Drawing element | bisplay commen | sie/scale [m] 1.0000
----- 215 Numbers || isplay label
-8 Storey [F] Display proportionally Stress load

----- tZ._ Local system

----- 47 Soil and foundation Hatch dist. [mm] ...| 20.000 n-Size/Scale [m] .....| 1.0000
m-Size/Scale [m] ... | 1.0000
Point load

Size/Scale [m] ...... 1.0000 Support motion
Size/Scale [m] ....... 1,0000
Line load

Size/Scale [m] ...... 1.0000 Maving load

Local s. size [m] ..... 1.00

Surface load

Size/Scale [m] ...... 1,0000

-3 Window

Save as default [ oK J ’ Cancel

Load comments appear in the Filter dialog and also in the listed load tables.
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r

Filter

(- Load comment
- force-x

- force-y

- force-z

- force-Térbeli
- moment-x

- moment-y

- moment-z

- moment-Térbeli
- Force-x

- Force-y

- Force-z

- FORCE-x

.- MSSZ
o T A A

m

4.7.

Point loads
No. F M Load caseﬁI
[-] [kN] [kNm] [] [-]
1 10.000 0.000 | force force-x
2 10.000 0.000 | force force-y
3 10.000 0.000 | force force-z

Load export / import via clipboard

Load Export and Import via clipboard is implemented, to let the user easily and quickly modify loads.

Export

a
a

[l

A 4 Import

In order to export loads, User has to click to Export to send the load information to the clipboard. Then

User can paste to Excel or any editor program and modify them.

A

Only comments and the load intensities can be modified. We suggest NOT to edit other
columns to avoid errors in Importing.

Editable columns

] g0 [kN/m2] gh [kN/m2/m]

‘1’ Y
#Type Guid Case Comment gl fkM/m: g2 [kN/m2]
LDSURFFORCE  580001cb-8b57-4a8e-945f-fc957f1badsf force FORCE-x 10 20
LDSURFFORCE  bb8bed0c-ccic-4cc9-aab0-8727b3c74141  force FORCE-x 10 10
LDSURFFORCE 9c620550-5321-402¢-8846-8434b40ef5c6 force FORCE-x \ / 10 \/ 20
#Type Guid Case Comment Zo ]
LDSURFFORCESP 33da63d3-965b-4035-9130-395724121237  force 0 0
LDSURFFORCESP 40c74961-da03-43e4-a590-64efc8538c61 force \, 0 0
#Type Guid Case Comment n1 kN/m]n2 [kN/m]
LDSURFSTRESS 3a03dab8-48a4-4478-9fa2-9b6ac4217950 stress const \y 10 10
#Type Guid Case Comment el [jn] e2? [m]
LDSURFSUPP ad0e8d96-clal-43ab-97ac-030d2cc9eeel  supp motion Ey 0.01 0.01
LDSURFSUPP 063863f6-1dd1-46e3-8bb4-ebd491lde6chb0  supp motion Ex 0.01 0.01
LDSURFSUPP 47370d6b-9c4a-4767-9a03-d72784424359  supp motion Ez \/O.Dl 0.01
#Type Guid Case Comment t1[°C] t2[°c]
LDSURFTEMP beoafacf-a07z-4eds5-993f-bbd5cacs8736 temperature CONST_circle 10 10
LDSURFTEMP b3b06ces-8bda-48b3-a492-4bc790ca3dBe  temperature CONST 10 20
LDSURFTEMP faf7f053-al12a-46f6-9798-8efo47ae53e3 temperature CONST 10 10

After changing attributes, User can

q3 [k m2]
30
10
30

1
1 \' "4
n3 [kN/m] ml [kfim/m] m2[kNm/m] m3 [kNm/m]
10 10 10 10
e3[m]
0.01
0.01
0.01 \/
t3[°cl t1'[°c] t2'[*C] ')
10 10 10 10
30 10 10 10
10 10 10 10

choose whether to import some. or all of the loads by selecting the

desired rows and copying them to clipboard, then in FEM-Design clicking on Import.

A

If the User exported constant surface load, only changing the first intensity value will have
effect on the surface load.
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5. Analysis

5.1. Plastic trusses, supports and connections

Plastic calculation has been implemented for trusses, supports and connections.

AN ST 2 2R EET OB

F |

ar Support Modeling tool

It is also available for edge connections of all shell elements (Plane plate and wall, Profiled plate and
wall, Timber plate and wall, Fictitious shell)

Plane plate |§J

[h2E 1oFE D [T

The plastic data can be set in the Default settings/Data tab of each above mentioned options. The figures
show where the feature is placed in the three types of dialogs of these items.

Some examples with detailed calculations can be found in the verification book.

Truss ﬁ

—
General I section | TLT. Material

Identifier {,position number) ..., | T |

Compression Tension

[¥] Limited capacity [kM] ..., | 1.000e+15 [7] Limited capacity [kN] ... | 1.000e+15
Behavior ......... | ] | : Behavior ......... | | :

The options above are considered only for load combinations calculated as non-linear elastic. Plastic
behaviour is considered for load combinations calculated as non-linear elastic + plastic. See more details
in the next chapter.

For further information check the documentation.
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Point motion support

m
General | | | Data
General Data
Type Custom -
Spring [kM/m], [kN] Motion springs [kN/m/m] Plastic imit forces [kN/m]
Compresson  Tension Compression Tension
Compression Tension kx 1000e+07 v [3| 1000407 ~ | FI[tooceris | [I[Loooe+is
é K 1.000e+10 @ 1.000e+10 Ky 1000e407 v [+ 1000e407 ~ [1| 1.000e+15 [E1| 1.000e+15
- - - Kz 1000e+07 v [3| 1oo0e+07 v | [FI[voooe+is | [F[1000e+15
Compression Tension - ’7 B
Plasﬁclimitforoes...|1.000e+15 | | 1.000e+15 | Rotation springs [N/l Plasticimit moments (k]
Compression  Tension Compression Tension
Cx' 1.745¢+405 v|+ 1.745¢405 v [1| 1.000e+15 [F1| 1.000e+15
— oy 1745405 v [)| 1745e+05 v | EI[rooce+is | [[rooceris |
seupTioi™> o [ e e el | S
C7 1745405 v [ 1745e+05 v | [F1[ 1.000e+15 [ 1.000e+15
Predefined types
Surface support group |
I é é |
=
B3] cenerat| [1] 0ete
Local system
TYPE .vvvveviennnn.. | Custom - ] Direction thanges
> '\( along line
Motion springs [kN/m2/m] Plastic Imit forces [kN/m2] \ Y
Compression Tension Compression Tension
« smess <) owens -+ |B[imes | S[imess |
Ky 1.000e+05 = 4| 1000e+05 = | ([ Loooe+is [ 1.000e+15 Setvp Rigd' »
Kz 1,000e+05 v 1.000e405 - 71 1.000e+15 71 1.000e+15

Behaviour
ST
Setup ‘Rigid” > Cancel

5.2. Modified behaviour of trusses in non-linear elastic (NLE) and non-linear elastic +

plastic (PL) calculations

Limited tension capacity is available for trusses from now on. In the former versions only limited
compression capacity was implemented.

[A.1] General I mml il

Truss

Identifier (.position rumber] .. ..coooiee | T

e 4 e LY . F A LY =
| Compression, Enttle || Compression, Plastic | Tension, Btle | | Tension, Plastic |

In the earlier versions of FEM-Design in case of NLE (so-called uplift) calculation, if maximal compression
capacity of a truss was set to zero, and in the first iteration step compression arose in the truss due to
the external loads, the calculation method did not allow tension to arise during the further iteration
steps, even if it was theoretically possible. Now it has been implemented that compression and
tension are changing during the iteration in case of NLE calculation.
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However the actual effect of the two behaviour options (brittle or plastic) depends on the setup of the
specific load combination.

Load NLE NLE + PL
combination — — = —
. i ° Setup by load combinations 1 ° Setup by load combinations
calculation
setup | Ho | Type Load combination ME | PL | MY | o | Type Load combination ME | PL | NS
I u o1 ' . u 1
Properties e . =) (e . =
dialog settings | ||| &2 | I sen| 5 v = ]
| T — || ssenser coosson b
Compression Tension Compression Tension
[¥] Limited capacity [kN] .. - [¥] Limited capacity [kN] .. [¥] Limited capacity k] .... [¥] Limited capacity [N] ...
Behavior . Behavior Behavior ....... : Behavior ......... :
— n ERENNT
| General I Sedlonl @ Material‘ l General I smm| @ Nhtenal|
| | 1dentfier (position number) ........ I | tdentifier (.position number} .............
Compression Tension Compression Tension
[¥] Limited capacity V] ... | 1000 [¥]Limited capacity [kN] ... | 2000 [¥] Limited capacity [kN] .... | 1000 [¥] Limited capadity (k\] ... | 2000
Behaviar ... | ] i Behaviar ... ] i Behavior :
ms N s 0 .
General I smm| @ Maw‘ I General I Seml @ Mate.-u‘
M| | icentifier Cpositon number) ...oocv.... ||| 1dentfer Coositon number) ..o
Compression Tension Compression Tension
[¥] Limited capacity (k] ... | 1000 [¥] Limited capacity [ ... | 2000 | | [¥] Limited capacity [kN] ... | 1000 [¥]Limited capacity [kN] ... | 2000
Behavior ......... i Behavior ......... i Behavior ... i Behavior ...uie. i
w R, = - N, ==
General I m| sl Maw| | General I ml sl Mahenal‘
T — | —
Compression Tension Compression Tension
| []Limited capacity [kn] ..., | 1000 [V Limited capacity kn] .... | 2000 | | [¥] Limited capacity [N] ... | 1000 [¥] Limited capacity [kN] .... | 2000
Behavior ........ i Behavior ........ i Behavior ......... Behavior ......... H i |
Behaviour Brittle, independently on which Brittle or plastic, depending on which
behaviour is selected in the properties behaviour is selected in the properties
dialog dialog
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5.3. Check for identical copies of structural objects and loads

A new option is added to the Settings/All.../Calculation/Analysis dialog. User can set if the program
should check the identical copies of structural elements and/or loads.

i settings Analysis

B+~ Environment Y

[#-{_J Drawing

== Calculation Automatic save. ..
ode, configuration
: g [] Before calculation

Nigid" values Automatic save will overwrite the

[7] after caloulation original file.

Find identical copies before calculation for...
[H-{_1 Display
&3 Window Structural elements

[ Loads

For example, let’s take the following example for object multiplication in a model:

- point support: 2 identical supports (1 unnecessary copy)

- line support: 3 identical supports (2 unnecessary copies) — 3 objects, 5 unnecessary copies
- beam: 3 identical beams (2 unnecessary copies)

Having this option ON, during pre-processing of calculation, the following question pops up:

FEM-Design - Question >

One or more identical copies of 3 structural elements are found.
Do you want to delete all identical copies (3 structural elements) before
calculation?

- Yes, to delete all identical copies and continue calculation.

- No, to calculate without deleting.

- Cancel, to check and fix the problems one-by-one, using
“Tools/Correct model/Delete identical copies” function.

The program informs about the number of unnecessary copies. User has three options to select:

- clicking “Yes", FEM-Design will delete all unnecessary copies automatically,

- clicking “No" will ignore this check, and the calculation will runs without any modification,

- clicking "Cancel” will abort the calculation and allows User to fix the unnecessary objects with the
new feature called Correct model — Delete identical copies, described in Chapter 1.1.
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5.4. Fully rigid diaphragm

There is a new type of diaphragm calculation: Fully rigid.

Calculations

20

[ calculations
Analysis

Load cases
Imperfections

Load combinations
Maximum of load groups
Stability analysis
Eigenfrequencies
Seismic analysis

Analysis

Finite element types

g

Diaphragm calculation

MNone ~

None
I R.iﬁid membrane |

Peak smoothing

Fine elements with 3/&6/3
nodes. Longer calculation
time,

Recalculation

| ok

| | Cancel

Fully rigid diaphragm will ensure the rigid movement of the all objects lying in diaphragm'’s region and

move them all together in one plane in any direction (as rigid body). For further information check the

documentation.

Structure and load

Rigid membrane

7.03780572

No diaphragm
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5.5. Selecting all relevant shapes in Modal analysis

This new feature helps to select all the relevant shapes in the Modal analysis. By clicking the “Select all”
button the program selects all the shapes with non zero modal mass percentage.

A This feature is not selecting the dominant shapes, it has to be selected manually.

Seismic analysis, setup X
Method  Options

Modal analysis

' ot
% Af ] e, | 0000 st || o
Static. Mo | Tl | mel] | my[%] | mz%] o | Indude
linear shape 1 393 0.0 5.2 0.0 Select al
2 2093 00 923 0.0 Select
3 0945 0.0 0.0 0.0
Clear
4 0827 0.0 0.0 0.0
Static. 5 0.540 a7 00 00 Dominant sh.
mode shaps
6| o008 oo oo Seismic analysis, setup x
7 0.5%0 33 0.0
Summation rule by directions: Methed  Options
) — 2 .
SRSS: 55—12515:- Modal analysis
' = et
Add to documentation Static. No | TE] | mc[sl | my[%] | me%] A Indude
linear shape 13930 0.0 5.2 oo | Sy
2 2083 0.0 52.3 0.0 e
3 0945 0.0 0.0 0.0
Clear
4 0827 0.0 0.0 0.0
Static. 5 0.640 2.7 00 00 Dominant sh.
mode shape
6 0606 0.0 0.0 0.0 Select
7 0550 3.8 0.0 00 v Clear
Summation rule by directions:
: _ 2
SRSS: Fp = HZ By -
Add to documentation 0K Cancel
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6. RC design

6.1. RC Bar detailed result reinforcement export to DWG/DXF
Now the detailed results for RC bar reinforcement can be exported into *.dwg or *.dxf file format.

This feature can be reached in detailed result window, File/Export to/Export to AutoCAD...

@ FEM-Design 17 - 3D Structure - 2_12.str
IF“E Edit Draw Modify Tools Settings View Window Help

) New Cirl+N
 Open.. Cir+0 :
= | V| I Maximum
=l Save Cird+5S
Save as._.. Cirl+Shift+5 Manage results
Bxport to Bxport to Office Open*ML ( docx) document .
Recovery fies . Bxport to XHTML+MathML page...
) Piint... Cirl+P Export to Mathcad 15 worksheet (beta)...
Export to AutoCAD (dwg | dbd)...
Bdt Cid+Q
ad combinations
2_129r
9 LRsr —
H&i\ﬂopalk_\r E_"lf 1 E_sﬁ_m.ﬂf m
Kan \AdinBooklet_v17 str detel JIL T ITNA]] I
. e al - a . . e = - -
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6.2. RC Bar detailed result drawing improvements

The improvements on the Reinforcement drawing are as follow:

e stirrup’s dimension lines

e longitudinal bar dimension lines

e cross -section with reinforcement numbers

Stirrup dimension lines

f 8000 P
(3) 24 88/340 |
67 24¥333 157,
1 T
Longitudinal bar dimensions
(1) 4 o8 - 8571, B500A
286 8000
(2) 2 016 - 9142, B500A
571 8000

Cross-sections with reinforcement members
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6.3. RC Shell buckling

For the consideration of buckling failure of walls and plates, a new checking criterion is available for RC
shells, the shell buckling. The buckling problem of the shell is transformed to the buckling of equivalent
columns made from the shell, on which the second order resistance and utilization is calculated.

A Only RC Plane plates and Plane walls with straight reinforcement and uniform thickness
are suitable for shell buckling calculation.

The calculation process is based on so-called buckling regions, which can be defined at RC
design/Surface reinforcement/Buckling length.

RC design | Steel design  Timber design

I " " . odba E
st \
b b L]

L Ly

L 4

Each buckling region on the shell has a corresponding buckling factor (beta) and a direction vector in
the plane of the shell. The former will be used to calculate the buckling length of the equivalent column,
while the latter one specifies the x' longitudinal axis of this column. By default, FEM-Design generates
one buckling region on each RC wall and plate. Default buckling direction is vertical on walls, and parallel
with the local x axis on plates. Buckling factor is set to 0.0 on all shells in order to let the User decide
whether this calculation is needed or not, since it is quite time consuming.

{Q; Shells with zero buckling factor will not be considered for shell buckling calculation, but
zero utilization is set for them.

The default buckling regions can be modified by adding new regions to the shell. One shell may have
more buckling regions with different beta factor and direction vector, but the shell must be completely
covered by these regions.

Buckling length n
V2o BE| L/

beta..... 1.00 =

During the checking process, the program generates equivalent bar(s) from the shell based on its
material, thickness and reinforcement. This bar is checked as an RC bar: Its utilization is calculated by
determining its second order internal forces and resistance.

The calculation process consists of the following steps:
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1.

As other shell design calculations, the shell buckling is also calculated in every node of the shell
(only where there is a buckling region with non-zero beta value).

The point where we
calculate the utilization

N

S|
B F =

An equivalent bar is generated for the examined node as follows. The edges of the shell are
intersected by the ray determined by the node and the direction vector of the corresponding
buckling region. The two intersection points are taken as the start and the end point of the
equivalent bars.

A Note that this intersection is always made with the edges of the shell and not with the
edges of the buckling region corresponding to the node! If a node is on the border of
two or more buckling regions, it is calculated with both different beta values and direction
vectors, and the higher utilization will be used.

p=2l

B=17

_B=§$____

The cross section of the equivalent bar is 1 m wide and its height equals to the thickness of the
shell. Along the bar, the applied reinforcement of the shell is transformed into the direction of
the bar and placed into it.

= . A

The checking process is executed section by section along the bar. The distance between these
sections is given by Division length of substitute column parameter in Calculation parameter
dialog (see the lower figure). Internal forces acting at these sections are calculated by
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transforming shell internal forces at the section point into the coordinate system of the column.
As the buckling direction of shells is perpendicular to its plane, we need the equivalent bar's
normal force and moment vector in the plane of the shell for the calculation.

Calculation parameters s
sotiom
Default reinforcement ]
Dir Quality Diam. Cover |#
[mm] [mm]
¢ 10 20
y'  BSO0DA 10 30
Allowed crack width [mm] ............. 1.00
Top
Default reinforcement
Dir Quality Diam. Cover | #
[mm] [mm]
B500A 10 20
¥y BS00A 10 30w
Allowed crack width [mm] ............. 1.00

If possible do NOT use compressed reinforcement
vl .. ;

Division length of substitute bar [m] ..! | 0.500

Budkling length [m] ...oovvveiiiiniiiinnns 12.03
(See Swedish NA for EC2 9.6.2(1))

4. Once thefirst order internal forces are obtained in every section, the second order internal forces
are calculated based on the nominal stiffness or nominal curvature method, according to the
configuration settings. The only difference in the checking process of a real bar and this
equivalent bar is that now the eccentricity coming from the second order effects are applied
only perpendicularly to the plane of the shell. In other words, the out-of-plane normal force has
eccentricity only along the z' axis of the shell. This modification is in harmony with the fact that
the buckling direction of the shell is perpendicular to the plane.

Nea Neq

T/»MEd,I t’»MEd,H

- —)

5. Finally, based on the second order internal forces, the utilization is calculated for every cross
section of the equivalent bar (based on the interaction curve), and the highest section utilization
is assigned to the node.

Shell buckling calculations are available for Load combinations, Maximum of load combinations and
Maximum of load groups. The utilization results can be displayed in the New result/RC shell/Shell
buckling/Utilization
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Display result
Results | Utilization
- Analysis fdniger
Load cases —
Load combinations .
Maximum of load combinations
RC bar
£1-RC shel
Design forces
i1 Required reinforcement e pp— =
Applied reinforcement: L] |
Missing reinforcement L N -
y & wa —_
Shell bucking | B [ - |
e I C
TR T
I ) ) = 4]
et s o e

Some details of the calculation can be obtained by listing RC design/Load combinations/Shell, buckling
table. Also, wall buckling utilization appears in the Shell, Utilization list.

List tables *
Tables | . . List ohjects. ..
e e Load combinations i >
- Loads Send to
- Finite elements Result = e
A
- Quantity estimation Bar, Liilization ipboan
- Analysis Shell, Design forces
5 y i desian Shell, Required reinforcement Page setup
IEI-EDI-IW g Shell Missing reinforcement Printer setup. ..
2 RC design | Shell, Buckiing
Input data ell, Shear capacity [+ Hide irrelevant
Load combinations Shell, Crack width tables
< Shell, Lkilization ] ]
: Shell, EC 1932-1-1 Annex F {Informative) (] Regional decimal
- Maximum of load groups symbol instead of
[# Steel desigrl Load combination dot
[ Timber design s ] [C]Fill all table cells
[+ Performance based design

Shell, Buckling, Load comb.: 1

D Utilization X y z As, top As, bot As, mid N_Ed
[] [%] [m] [m] [m] [mm2/m] [mm2/m] [mm2/m] [kN/m]
w.1.1 28 25.519 33.973 -3.000 523.599 523.599 0.000 -98.771
w.2.1 144 43.200 26.320 -3.000 523.599 523.599 0.000 -166.218
M_Ed M2_Ed N_Rd M_Rd Bar length Beta
[kNm/m] [kNm/m] [kN/m] [kNm/m] [m] []
9.146 14.733 -353.254 52.693 3.000 2.000
31.101 57.126 -115.298 39.626 3.000 2.000

Every plate and wall has one result, containing the coordinates of the dominant section, the

corresponding reinforcement, first and second order internal forces together with the capacity and
buckling factor.
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6.4. RCshell - EN 1992-1-1, Annex F
A new checking criterion is added for RC shells according to EN 1992 Annex F.

This feature is meant to inform the user whether the shell reinforcement is optimal or not according to
the EN 1992-1-1, Annex F. The reinforcement is optimal, if the cracks for serviceability limit state are
acceptable and the required deformation capacity for ultimate limit state is provided. This method only
works for in-plane stress state. FEM-Design calculates the stresses in the reinforcement plane. The
program uses the F1.(4) formulas for both the applied and required reinforcement.

A Compression is positive in the formulas.

The results can be listed in the RC design for Load Combinations, Max. of combinations and Maximum
of load groups.

A If the Danish national annex set in code selection the calculation is based by the 1992-1-
1 DK NA:2007.
List tables *

- Eigenfrequencies ~'  Load combinations B
i..- Geiemic analysis Al “

[=1- Foundation design
- Load combinations Result Aa BbYYZZ 4
i Max. of combinations Shell, Design forces

=) Shell. Required reinforcement
T Input daty Shell, Mlssujg reinforcement

— Shell, Buckling

| -o=d combinations Shell, Shear capacity

Max. of combinations Shell, Crack width
A Maximum of load groups ll_UHiliz at

o Steel design Shell, EC 1992-1-1 Annex F (Informative) Faris bz

- Input data symbol instead of

Hide irrelevant
tables

104



Shell, EC 15992-1-1 Annex F {Informative), Load comb.: 1

105

s} Thickness| Elem | Node Face |Sigma Edx|Sigma Edy | Tau Edwxy | cot{theta) F.1(3)
[] [mm] 1| [ [] [Mfmm3] | [N/mm?] [ [N/mm3] [] []
Ww.1.1 200 7 0 | Bottom 0.02 0.37 -0.00 106,45 | Reinforcemeant not required.
Q| Top -0,03 062 -0.00 390,15 | Reinforcement requirad.
8 0 | Bottom 0.00 021 0.00 82.51 | Reinforcemant not required.
Q| Top 0.00 07 0,01 6107 | Reinforcemant not required.
9 0 | Bottom -0,01 0,04 0.00 17.89 | Reinforcemant requirad.
Q| Top 0.01 0,95 0.01 6705 | Reinfarcemant not required.
10 0 | Bottom -0,00 021 0.00 10578 | Reinfarcement required.
Q| Top 0.00 07 0,01 150,20 | Reinforcement not required.
11 0 | Bottom 0.03 044 0,01 40,23 | Reinfarcamant not raquired.
0| Top -0,05 0.56 0,01 BB.38 | Reinforcemant requirad.
12 0 | Bottom -0.12 -0.45 0.02 21.12 | Reinforcement required.
Q| Top 018 L4a -0,05 27.39 | Reinforcemant not required,
13 0 | Bottom -0,00 0.12 -0,01 2101 | Reinfarcamant raquirad.
0| Top 0,00 0.88 0,02 3554 | Reinforcemant not required.
Applied formulas fidx fidy Sigma'cd | fidx {Appl.} [f tdy {Appl.} nu fed Sigma Rd
[-1 [Mfrmmmz] | [Nfmm2] | [M/mm2] | [N/mmz] [Mfrmm?2] [-1 [Mfmmz2] [Mfmmz2]
- 0,95 0.95 0.582 10.7 599
{F5.); (F&.): {F7.) 0.03 0.00 0.52 0.95 0.95 0.562 10.7 599
- 0,595 095 0.562 .7 R
- 0,95 0.95 0.562 10.7 599
[FE.): (F&.): {F7.) 0.01 0.00 0.04 0.95 0.95 0.562 0.7 5,99
- 0,595 095 0.562 .7 R
(F5.); (F&.): {F7.) 0,00 0.00 0.21 0.95 0.95 0.562 10.7 599
- 0,95 0.95 0.562 10.7 599
- 0,95 0.95 0.582 10.7 599
{F5.); (F&.): {F7.) 0.05 0.00 0.55 0.95 0.95 0.562 10.7 599
(F2.); (F3.): {F4.) 0.14 0.47 0.03 0.95 0.95 0.562 10.7 599
- 098 .95 0.5e2 10.7 R
[FE.): (F&.): {F7.) 0.00 0.00 0.12 0.95 0.95 0.562 0.7 5,99
- 0,95 0.95 0.582 10.7 599
F.1{4) Appl. |Fidx (F.B}|ftdy {F.9)[Sigma cd {F.10) F.1(4)
[] [Mfmm3] [[N/mm?] |  [M/mm?] []
Mot fulfilled! 0.03 0.03 0,65 | Mot fulfilled!
Mot fulfilled! 0.01 0,01 Q.05 | Mot fulfilled!
Mot fulfilled! 0,00 0,00 0.21 | Mot fulfilled!
Mot fulfilled! 0.05 0,05 0,61 | Mot fulfilled!
Mot fulfilled! 0.45 0.45 0.34 | Not fulfilled!
Mot fulfilled! 0,00 0,00 0.13 | Mot fulfilled!




7. Steel design

7.1. Fire design
The aim of this feature is to check and design steel bars for fire effects according to EN 1993-1-2.

The feature can be found in Steel design/Steel bar, fire design. It needs some new input data of the bars,
and a special load combination and/or load group must be defined.

Steel design | Timberdesign  Fedormance bazed design
0 @[T 9 ®
m |7 1.0 i -E"n”; =1 —
iick change Corfig... I I Steel bar, fire design
ns - Maximum - Colour palette - [%
1"

TE
T

In Beam/Column /Material/Application data there is a new safety factor yms. required for fire design
calculations..

Beam/Column M

General I Section @ Material h End conditions

L?'"‘“'\' - | Application data |
- Conerete b

C16/20

C20/25 Gamma M1 (U |Us,Us) | 120 |[ 100

C25/30 | | camma MR Ua). e o ||

C30/37 E

C35/45 EN 1993-1-8 spedific

C40/50

-C45/55 Gamma M2 (U | Ua,Us) .

5""C5[]f6[]
) comarststingn. (1 [10

i5 235

|

A ,+Fire” type load case has to be defined in the Load cases dialog.

1 ' Load cases

dif

No Mame ‘ Type ‘ Duration class ‘ -
(EN 1995 1-1) i
1 dead +5truc. dead load Permanent Cancel
2 live Ordinary Permanent
3 fire _Permanent Import / Export =
Ordinary
+5truc, dead load
+50il dead load Insert

+Shrinkage =
= e Delete

Delete all

e Toad, PRI
+5eis load, Fu-Mx
+5eis load, Fy-+H4y
+5eis load, Fy-My

1
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For maximum of load groups calculations, an accidental load group must be defined that contains the

.+Fire” type load case.

1 Load groups x
Mo Load group Included load cases ~
i§n=rmanent (Permanent, 1.00, 1.35, 1.00, 1.00, 0.85 /0]
; Cancel
2 temporary (Temperary, 1.50, 0.70, 0,50, 0.20,L)  live
3 acddental {Accidental, 1.00) fire
Import f Export =

For maximum of load combinations calculations, accidental load combinations must be defined that

contains the ,+Fire” type load case.
X

B Load combinations
No Name Type |Factor | Induded load cases ~
| O, - o ‘
100 ive Canes

100 fire
Import { Export >

The effects (internal forces) are calculated from accidental load combinations, where fire is the accidental
effect. Resistance of bar is calculated by using reduced yield strength and elasticity modulus for steel at

the elevated temperature.

Steel design tab

A new design type can be found on the Steel design tab: ,Steel bar, fire design”.

It contains Calculation parameter, Check, Design group, Auto design and Manual design commands.
Steel design | Timber design
2100 L | &k (L1 Do

ID
1
L

adl

| Steel bar, fire design |
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Calculation parameter

Explanation of data in calculation parameters are in EN 1993-1-2:3, 4 and EN 1992-1-2:3.

.Deflection criterion is essential” option is available for Danish national annex only.

Calculation parameters [é]

Duration of fire [min] ..ovvi

C |
Temperate CUMVE...oociis Standard -

TIME SEEP [S] vvvvvrrirniniiininneinnses e 5

Section eXposSion....ovvi i
Configuration factor, Phi [ v 1.0
Member surface emissivity, epsilon m [ .voooveenn. 0.70

Fire emissivity, epsilon F[-] oo, 1.0
Adaptation factor, K2 [ .ooiiiiiinn 1.0

[] peflection criterion is essential

Check

It works in exactly the same way as in case of steel bar design.

Design group

It works in exactly the same way as in case of normal steel bar design, except that fire design parameter
and fire design calculation parameter of two bars must match to be placed into the same design group.

Auto design

There are two design options:
- Design for fire protection material
The design parameter contains the fire protection material, which can be selected from a library
(see later). Its minimal and maximal thickness and an increment value, which is used by the
automatic design procedure to find the minimal necessary thickness of the protection material,

can be given by the User

- Calculate maximum temperature
The Temperature step for maximum temperature calculation can be defined by the User.

Limit utilization can also be set in the Steel bar - fire design parameter dialog
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Steel bar - fire design parameter

S|

(@) Design fire protection material

Material

[Cornpressed fibre board - fibre-silicate, mineral wool, stone woo vl

Minimum thidkness [mm]
Maximum thickness [mm]

Thickness increment [mm]
() Calculate maximum temperature

Temperature step [C]

Limit utilization [%]

Manual design

Fire protection material (from a library, see later), its thickness, or the Maximum member temperature

can be selected in Steel bar, fire protection dialog for Manual Design..

Steel bar, fire protection

i@ Apply fire protection material

Material lSpray - mineral fibre

Thickness [mm]

() Set temperature

Maximum member temperature [°C]

Fire protection material library

It is available by clicking on ,Edit library...” item in the material list of fire protection parameter in Auto

and Manual design dialogs.

@) Apply fire protection material

Spray - vermiculite cement
Spray - perlite
High-density spray - vermiculite {or perlite) and cement
High-density spray - vermiculite {or perlite) and gypsum

Board - vermiculite {or perlite) and cement

Board - fibre-siicate or fibre caldum-silicate

Board - fibre-cement

Board - gypsum

Compressed fibre board - fibre-siicate, mineral wool, stone wool
Concrete

Light weight concrete

Brick - concrete

Brick with holes

Brick - solid

() Set temperat]

Madmum me

pray - mineral fibre
Spray - vermiculite cement
Spray - perlite
High-density spray - vermiculite {or perlite) and cement
High-density spray - vermiculite {or perlite) and gypsum
Board - vermiculite {or perlite} and cement
Board - fibre-siicate or fibre caldum-silicate

Board - fibre-cement

Board - gypsum

Compressed fibre b - fibre-giicate, mineral woel, stone wool
Concrete

MName .

Thermal conductivity, lambda p [W/(m K]]

Encasement
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Results
Utilization results are available to display on the model and to list.

A new result “Max. of combinations/Bar, Combined utilization summary” is available, where the
maximum utilization of steel bars for both normal and fire check is displayed

r B
\... Eigenfr j . . List objects...
Dgenrequenaes i |Max. of combinations |
L. Seismic analysis

=- Fpundaﬁon design send to
i Load combinations Data e —
i--Max. of combinations Bar, Utiization Cichoa e
[E-RC design Bar, Fire design, Utilization Pa tup....
- Input data Bar. Combined utilization summa Sew
- Load combinations FirliEr SR
--Max. of combinations L Hide irrelevant
- Maximum of load groups tables
[)-Steel design []Regional decimal
- Input data symbol instead of
- Load combinations dot
--Max. of combinations [CFill &ll table cells

- Maximum of load groups
[=)-Timber design

- Load combinations =
- Max. of combinations Options...

- Maximum of load groups

=- Pn_arf'ormance based design

Input data Add to batch
: List tables

m

4

Delete tables
Save batch

List batch

Max. of load combinations, Bar, Combined utilization summary

Member | Calculation Maximum | Combination
[-] [-] [%] [-]
B.1.1 uLs 121 Standard

ALS (Fire) 98 | Accidental
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7.2. Steel joint stiffness

FEM-Design 17 gives the opportunity to set the rotation stiffness of Steel Joints automatically or
manually, and apply it to the structure. This feature is available for Steel Joints, where at least one of the
attached bars is connected with its end point by definition.

By clicking on the Steel design/Stiffness button, the Steel joint stiffnesses dialog appears.

2. Selecting a joint or joint group in the list will highlight the elements with thick red lines.

3. After that User can double click on the name of a joint/group in the list or just left click on the joint
in the model to open the Set joint stiffness dialog.

File Edit Draw Modify Tools Settings View Window Help

]

Structure Loads  Finte elements  Analysis  Foundation design = RC design | Steel design | Timberdesign  Feformance b

E + - . e % |IF] I I5 @ L

Caleul.... Manage results Quick change Corfig... Steel joirt
E

Ll S < 123

.

- / @,
L g R
E ® @E e

%

" \

217 - =i
. @ DE @

[ f— | S i g
5l — ==

[J ."\ = @
e £ | £

i A

? M gl
i i T T £
4 |1 r
N & i g
7 - ) ) & T R
— -+ i)
T Joint f Group | Stiffness Apply | ~
i -4 Tkhim/]

7/ Eild | 1310 Mo -
i I:I K1 333 No O
1 5 KNz 1146 No Isj|

L cs3 Rigid®| Mo =
=l |5 kil

e gl

I L
(] i
I N
it

]

(]
=

v
Apply none Apply all
Jointsﬁf’ﬁﬂe.‘.| ||ﬂ|| 10.129m 0.000 m 7.653m || Layers ||[><] TS 1o || snap | # OO LR X D‘

AStiffness can be set only for previously calculated Steel Joints!
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FD 17 uses the calculation method described in the Eurocode 3-8 for calculating joint stiffnesses. This
method is valid only for joints with bolted endplate and column base of | section bars.

The program sets the stiffness of a joint by default as:

- hinged, if it can't take moment,

- semi-rigid with the calculated value, if it can take moment and stiffness can be calculated
according to EC3-8,

- rigid, if it can take moment but the stiffness cannot be calculated according to EC3-8.

As the calculated stiffness value depends on the load of the joint, FEM-Design 17 by default uses the
load combination that gives the highest utilization for moment. User however, can select another load
combination, or can set stiffness manually.

B Set joint stiffness hed
Apply stiffness to model {(when leaving design tabs or at Recalculate command)
() Hinged OManual | 1310 [kim/]
O Rigid (®) Use 5j of load combination with highest utilization
(®) semi-rigid (O Use 5j of load combination selected by the user

Load combination M M Uil (M) 55 5j,ini Sjinifeta Use | A

[khim] L [%] [khim/] [knm/]
32 45 A 3
v
Stiffness [kim/#] ... 1310 Cancel

The details of the calculation can be found in the Detailed result and in the Manual design calculation
dialog.

Marnent resistance and stifness - Bean 1 (EN 129318 [6.2.7]): 41 % (LS 5011029 Beam web transverse compression resistance
End-plate internal forces: M =-1.63 kM, T=50.60 kN, M = -49.72 kNm beowe= 195 mm, w0 =090, p=077
T stub 1 kye =070
Pararmeters and effective lengths at the end-plate Fewe re = 188.32 kN
m =40 mm, e =31 mm, m, = 27 mm, p =410 mm Bolt-row capacities
ot op= 254 MM, Lgg no= 228 mm, Ly 1= 229 mm, Ly ;= 229 mm Firra = 261,11 kM, b= 483 rm
Oatf op™ 837 MM, § g5 ne= J34 mm Fiz g = 0.00 kM, h = 4% mm
Parameters and effective lengths at the column flange Joint moment capacity: Mgy = 119.85 kNm
rn =23 mim, e =101 mm, my = 20 mm, p = 410 mm Stiffness calculation (EN 1993-1-8; [5.3])
lett.cp= 145 MM, Ly o= 236 mm, bgy 1= 145 mm, Ly ;= 236 mm 5, = 64395 kNmirad |, S, = 64395 kNmirad , = 1.00
O eft 0p= 483 MM, 0 et 0e= 331 MM ky= 4.4 mm
Individual capacities A= 3728 mmi, p=071
FrRaep = 282.24 kN, Failure mode: 3 kg = 4.2 mm
Fe b ra = 57748 kN ky=29.0 mm
FrRraee= 26111 kM, Failure mode: 2 ks =251 mm
Fiwe.rg = 282,80 kN kyg = 7.0 mm
Final T-stub capacity: Frgy = 261.11 kN L, = 86 mm
Colurmn web shear resistance 7 = 459 mrn
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Once the stiffnesses of the joints are set, when leaving design tabs the following dialog will pop up:

WARNING X

All design changes will be applied. which may invalidate your
analysis results. Do you want to continue?

Yes Mo

Selecting ,Yes” will apply the new stiffnesses of joints to the attached bars, if ,Apply stiffness to model...”
box is checked in the Set joint stiffness dialog of the joint, or Apply column is checked in the Steel joint
stiffnesses dialog next to the joint/group.

Steel joint stiffnesses

Joint f Group ‘ Stiffness Apply | ~
[him/<]
kN1 3987 Yes
KM2 1146 | Yes
cs3 "Rigid” | Yes
B Set joint stiffness X
Apply stffness to model (when leaving design tabs or at Recalculate command)
Hnged Otensal ot I
(® Semi-rigid () Use 5 of load combination selected by the user
Load combination ‘ M | N Util, () 5 ‘ 5 | Siinifeta | Use | A
[ktim] kN (%] [ktim/*] [kim/?] [Kimf]
FoiL L 1351+ L5075 + 150 ] % [ 1310 1310 47
SIILL 13571+ 150°0.70%3 + a1 55 0 1310 1310 47| X
v
v
Apply none Apply all Stffness [m/] .. Cancal
Before joint stiffness calculations After joint stiffness applied on bar
Beam/Column X Bearn/Column
General I Section @ Material b End conditions General I Section @ Mat=rial h End conditions
Eccentricity in analytical model .......... [ J— Eccentricity in analytical mode! .......... | [ | —
- - | L e - el | —
[] Consider eccentricity caused by cracking in cracked section analysis [[] Consider eccentricity caused by cracking in cracked section analysis
The same at both ends Start End [ The same at both ends End ‘
Releases [kiM/m, kiNm/9 Eccentricity [m] F3 Releases [kN/m, kNm/%] Eccentricity [m] z
Oex ... [0.000 | v. o000 | =t Oex ... [0.000 | . [o.0000 | et
ey ..... |0.000 | 2. [o.0000 | e ... |0.000 | 2. [o.0000 |
e ... 0.000 ez ..... | 0.000
Cphi,x ... | 0.000 ¥ [phix ... [0.000 b
[Detiy .. [o.000 I phiy' ... | 1310
[ phiy2' ... | 0.000 [ phi,z ... | 0.000
s | e i — b || 7 =T
Cancel Cancel
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7.3. Column base joint concrete tension failures

New verification is implemented for Column base joints that:
- calculates anchor forces and maximum concrete stress with nonlinear steel and concrete
material behaviour,
- calculates capacities for adhesive and headed anchors for tension failure modes,
- works for both | and RHS sections.

Joint

Types

0 == 0 T= =

HZ

Salutions

Euracode (NA: Hungarian)

Data

i

Basic data

Data | Value
a T — e
\‘, Material 5355
Lor | ey 5.00
’," Ler, z [m] 6.00

Setup components automatically when
ross-section changed

[

Load combinations

NT\ My,
4
e e
Mz Tz
No | Name ‘2nd| N Ty Tz ‘ My Mz -
L} I [N [him] | [him] =
1 load comb 20 0.00 0.00 10 0.00
i
(=
i

The new parameters required for the new calculations can be found in Design tab.

Design

- Anchor bolts

ioobe \nje|d5

- Foundation

- Material and geometry

- Calculation parameters

é Anchor-concrete interaction
E----.ﬁ.nchor geometry
‘... Calculations
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Design

= Column
- Base plate bz | bz
- Bnchor balts I
- Welds i
[=- Foundation
¥ [oterial and geometry] = i
- Calculation parameters ] L
[=- Amchor-concrete interaction EFL
- Anchor geometry H afz
- Calculations
Loy
Data | Value i
aterial |c2s/30
a [mm] 1000 hn
b [mm] 1000
h [mm] a00 -
ey [i]
ez W]
11 [mm] 50
Design
=~ Column
- Base plate
- Anchor bolts
- \Welds

- Anchor geometry

- Calculations
Data | Value
riction coeffident (Cfd) |0.00
Beta j 0.67
ki 1.00
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Design

= Column
- Base plate I I I
- Anchor bolts

- Welds

- Material and geometry
- Calculation parameters h

Data | Value / /
Type i // ]
Surface &
i iy ==
b [mm] ] .
r [mm] 140
dh [mm] 50 Vl
Zep ol
| <Back | | Jointlibrary > | Change solution | | Finish |

Straiaht Headed
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Design

= Column
- Baze plate =Smin =Cmin
- Anchor bolts
[=- Foundation | |
- Material and geometry
- Calculation parameters ~hriin
=- Anchor-concrete interaction B
- Anchor geometry -
Straight
Data | Value
heck requested | s
Concrete is cracked Yes
gamma,Mp 1.50 I
gamma,Mc 1.50 Bended
gamma,Msp 1.50 Data | Value
ker .50 [Ccheck requested | res
keuicr 11.90 |Concrete is cracked Yes
Ignore cone-failure Mo gamma,Mp 1.50
Ignore splitting-failure Mo gamma,Mc 1.50 Headed
crrin [ 50 gamma,Msp 1.50 Data | value
smir [rm] an kr 2.50  [check requested | res
himir [mm] 260 |kucr 11.90 | Concrete is cracked Yes
Ignore cone-failure Mo gamma,Mp 1,50
Ignore splitting-failure Mo gamma,Mc 1.50
cmin [mim] 50 gamma,Msp 1.50
[ = Back ] [ Joint library = ] smin [mm] a0 - a.50
himin [mim] 260 |kuer 11.90
Ignore cone-failure Mo
Ignore splitting-failure Mo
crmin [mm] 50
smin [mm] a0
himin [mm] 260
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The picture below shows the output for adhesive (straight or bended) and headed anchorage.

Adhesive Headed
Anchorage tension resistance (Ref 8: [2.4.1]): 86 % (LC: 'aa) Anchorage tension resistance (CEN/TS 1992-4-2: [6.2]): 66 % (LC: "aa))
Anchor normal and shear forces Anchor normal and shear forces
Fed,1= -8.23 kN, We4,1= 16.81 kN Fza,1= -8.23 kN, Vea1= 15.81 kN
Feaz= -56.82 kN, Ved 2= 15.81 kN Feaz= -56.82 kN, Veqz= 15.81 kN
Fea,2= 62.29 kN, Vzq2= 15.81 kN Fea2= 62.29 kN, Veaa= 1581 kN
Fea4= 13.70 kN, Veas= 1581 kN Fea.s= 13.70 kN, Veae= 1581 kN
Maximum concrete compression stress Maximum concrete compression stress
oc.26= -15.68 M/mm2 Oc24= -15.68 N/mm2
Adhesive failure resistance: 86 % Pull-out failure resistance: 31 %
Topology-independent anchor parameters Topology-independent anchor parameters
le= 300 mm, fea= 2.70 N/mm?2 Ar= 1649 mm?, fox cuse= 30.00 N/mm2, Wuern= 1.00
Dominant anchor: 3 Dominant anchor: 3
Topology-dependent parameters for the dominant anchor Mormal force and capacity for the dominant anchor
cg= 105 mm, ar= 1.00, az= 0.70 Fea3= 62.29 kN, Frap= 197.92 kN
Normal force and capacity for the dominant anchor
Fed,2= 62.29 kN, Fraa=T72.71 kN Concrete cone failure resistance: 66 %

Dominant anchor group: 3, 4

Topology-dependent parameters for the dominant anchor group
hef= 267 mm, Seen= 770 mm, Acn®= 592900 mme, Acn= 680000 mm:2
Naxc?= 19144 kM, wen= 0.93, wen= 1.00, ween= 0.84

Mormal force and capacity for the dominant anchor group
Feda.4= 75.99 kN, Frac= 114.28 kN

Splitting failure resistance: 31 %

Topology-independent anchor parameters
hmin= 260 mm, Scr.sp= 780 mm, Az n®= 608400 mm?2
Nax?= 241.91 kN, yn = 1.75

Dominant anchor group: 3, 4

Topology-dependent parameters for the dominant anchor group
Az n= 685000 mm2, wsn= 0.93, wen= 1.00, ween= 0.84

Maormal force and capacity for the dominant anchor group
Fea,2.4= 75.99 kN, Fra = 247.29 kN

Blow-out failure resistance: 0 %
Mot relevant

The verification is carried out according to:

- The Swedish Institute of Steel Construction, Detail Handbook, Publication 183, 2.4.1 for the
Straight and Bended type of anchors.
- CEN/TS 1992-4-2: [6.2] for the Headed type of anchors.
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7.4. “Rotated” option for hollow sections

Hollow sections can be rotated separately in all joints where they are available.

Data | Valug Data Value Data Value
Cross-section 1. KER. 200x120x8 Cross-section 1. KER. 200x120x3 Cross-section 1, KKR 200x120x8
Material 1. 5 355 Material 1. 5355 Material 1. 5 355

otated 1. | Rotated 1. [res Rotated 1. Yes
Cross-section 2. KER. 200x120x8 Cross-section 2, KER. 200x120%38 Cross-section 2. FKR 200x120x8
Material 2. 5355 Material 2. 5355 Material 2. 5 355
Rotated 2. Mo Rotated 2. Mo Rotated 2. IYes
a [mm] 0 a [mm] 0 a [mm] 0
b [mim] 1000 b [mim] 1000 b [mm] 1000

Setup components automatically when
cross-section changed

Eurocode (NA: Hungarian)

Setup components automatically when
cross-section changed

Eurocode fMa: Hungarian)

[¥] Setup compenents automatically when
cross-section changed

Eurocade (WA Hungarian)
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7.5. Joint library

Both in Steel joint module and in Steel joint manual design window of 3D Structure module the
customized joint types can be saved into/loaded from a library.

Data
-
Basic data N
Value
1] ECross - HE-A 300

"', Material 5 355

Lor | Ler, y [m] 6.00

/ Ler, z [m] &.00

Setup components automatically when
cross-section changed

m

Load combinations

€E— £— -
Mz Tz
No ‘ Name ‘an| N ‘ Ty ‘ Tz ‘ My Mz o
[knd] [kn] [tim] [rim] ‘J |4
Load CE1 joint...
Save CB1 joint...
Edit CB1 library.. N
’ < Back ]I[ Joint library =

By clicking Save joint, the Save joint to library... dialog opens. In the dialog, in the bottom-left corner an
arbitrary name can be typed for the joint. After clicking Save in the top-right corner, the saved joint

appears in the library.

Save joint to library... I ﬂ
ave

| [Newtbray jortrame] | S 5 ]
Library
s
MNew library joint name 1 ] Export...
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Using the buttons in the bottom-right corner, User can rename, copy, delete, import or export joints

(from/to *.fdljoint format).

A To rename or copy an existing joint, firts type the new name into the textbox under the

library, then click on Rename.

FEM-Design - Ermor message ﬁ

(@) loint with the same name already exists,
A o

Write the new name into the 'loint name' text box, then press 'Rename’
or 'Copy' button,

User can load previously saved joints by clicking on Joint library/Load

Load CE1 joint...
Jjoint. The Load joint from library... dialog opens, which is similar to Save CB1 joirt...
Save joint to library... dialog, except that the Rename, Copy and Delete Edt CB1 fbrary. .
buttons are disabled, and instead of Save button, Load button
appears.
To load an existing joint, select it from the library then click Load.
| Load joint from library... ﬂ

2

Joint name

E |

Load
Cancel

Rename
Copy
Delete

Import...
Export...

By clicking Joint library/Edit joint the Edit library dialog opens It looks
the same as Save joint to library. Here the user can rename, copy,

Load CE1 joint...
Save CB1 joint...

delete joints and import/export from/to the library. |

Edit CB1 library...

Joint library =

121



In 3D Structure module at Steel design tab/Steel joint/Define joint User can select a joint from the joint

library by checking the Select joint from library checkbox.

RC design | Steel design | Timberdesiogn  Fefomar

Gwick change

Steel joint

|2 |[H]=z L IE | E[TF]a

.
)i Select joint from library

In the Load joint from library dialog, only those joints can be chosen thatare compatible with the selected

bar(s). Those joints are shown active (black) in the library.

Load joint from library...

HE-A 300

A If User selects a non-appropriate joint for the selected element(s), FEM-Design sends a
warning and automatically creates a joint fitting for the selected item.

)

FEM-Design - Error message

| The selected joint is not compatible with the current joint.

Each joint solution has to be saved to its own library. There is no possibility to save all joint

types and solutions into one library.
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7.6. Steel joints added to Filter

In 3D Structure module steel joints can be filtered either as Joint component, or by their identifier.

Filter >

—

EI C_omponents -~

EI Identifier

- ID
-uEE
; T3
=8 Design group
83
bl
- ch2

- KM1
K2

e RS

SSpP.1 SSp.2 I
1)

“s

G = |
=

CK || Continue || Cancel

7.7. User interface improvements in Steel joints module

7.7.1. Tooltip for joint bars

Tooltip for joint bars has been implemented for easier identification in Steel joint module and Manual
design window in 3D Structure module.

Data
~
Basic data
Data | Value
2] Cross-section 1. KR 200:200x10
all\x // N Materiel 1. 5355
b b Rotated 1. o
Cross-section 2. KR 100410048
a Material 2. 5355
Rotated 2. o
2 [mm] 1000
b2 [mm] 1000
s o
Material . 5355
Rotated 3. o
33 [mm] 1000
b3 [om] 1000

Setup components automatically when
ross-section changed

Load combinations

"N\ o B 7 |Crosssection ..... KKR. 100x100x8
. —
Ni
No ‘ Name ‘ [m] ‘ [Ei] ‘ [E\/S] ‘A Bar 3.
— P | Material s 5 355
..... KKR. 100x100x8
g |Crosssection..... KKR. 200%200x10
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7.7.2. Joint bar display option

The positive directions of loads can be displayed on the joint by checking the Display positive direction
of loads option in the Settings/Bars.../Display/Bars dialog in the Steel joint module and in the Manual
design window in the 3D Structure module. The size of the arrows can be set, too.

Settings

View H
Settings
Bars... G‘ Bar
--Ej Environment
Tite... \ [+ Drawing
Units... \ "Ej Calculation Cptions
=-{ Display _ o
Param... \ " Drawing element - V| Display positive direction of loads
Text... 25 Mumbers Size [m] oo 0.25000
W Al - Window
Load comhbinations
TNM
.\\
[ we | Name I8 [ 1 | m 14l

7.7.3. Navigation buttons for steel joints

In FEM-Design 17, while using Steel joint Manual Design in 3D Structure module, User can switch
between Previous or Next joint by clicking up and down arrows next to the drop-down list.

This feature can be found in Steel Joint module, too.

o

11 - o JLallomn

124



7.8.

Steel joint utilization in Documentation

Steel joint utilization can be listed under Steel design/Load combinations/Joint, utilization.

List tables

oad cases

oving load maximum
mperfections

oad combinations
ax. of combinations
aximum of load groups
tability analysis
i--Eigenfrequendes

... Seismic analysis

[=- Foundation design

Load combinations
--Max. of combinations
[=- RC design

| nput data

oad combinations
ax. of combinations

MEX. of combinatons
i-- Maximum of load groups
(=) Timber design

>

'Load combinations

Result

X

List objects...

All VJ

AaBbYyZz »

Bar, Uttilization

Load ébinaﬁon

Hide irrelevant
tables

Regional dedmal

symbol instead of
dot

| ~ Format table... |
Options. ..
[_ Settings > ]

| Addtobatch |

| Lsttables |

8. Results

8.1.

Dominant load combination shown on results for maximum of load combinations

Maximum of load combination results now shows the ordinal number of the load combination, from

which the min/max value comes from. If User holds the cursor over a point, the ordinal number and the

full name of the load combination are shown in a tooltip.

Eurocode code: Max. of combinations, Ultimate - Shell internal forces - Mx' (Mx™-) - Colour palette - [knmym]

The display of number of load combination can be hidden by unchecking the ‘Shoe extra information, if
available’ box in the Numeric Value dialog.

8.2

Displacement-like results improved
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Displacements result's name has been modified to Translational displacements and a new result called

Rotational displacements is added.

FD 16:

Display result

|

= Lo

[

= Analysis
=l Load cases

-{ Displacements

-Reactions

- Connection forces

- Shell internal forces

[
#- Shell stresses

ad combinations
[Ebenen]

- Reactions

- Connection forces
H- Shell internal forces

[

t- Shell stresses

[#- Maximum of load combinations
- Maximum of load groups

FD 17:

Display result

=1~ Analysis
= Load cases
- Translational displacements

- Rotational displacements

-~Heactons

- Connection forces
[#- Shell internal forces
[#- Shell stresses

- Load combinations

- Translational displacements
- Rotational displacements

REITIOTE

- Connection forces

[+~ Local stability

[#- Shell internal forces

[#- Shell stresses

(- Maximum of load combinations
[+ Maximum of load groups

Also colour-palette option is added to Translational displacements results that allows for better

presentation and understanding of displacements results in some cases.

=

Display result
Results \Translational displacements
=) Analysis
B Lo =
: Load case type ovvviiiians [U - Ultimate v] Display options

| Translational displacements

otational displacements
- Reactions

- Connection forces

hell internal forces

hell stresses

[+- Load combinations
[+~ Maximum of load combinations
[+~ Maximum of load groups

Load cases

® Colour paletie

() Graph

User can find a few powerful options to visualise the displacement results in Display options dialog. They
give many possibilities to show the result in any pre- or user defined directions. The pictures below

present visualisation possibilities.

=

Dizplay ocptions

Z4 10 B 2 [

Absolute value

Apply

Burta apply
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Eurocode code: Load cases - case 1 - (U} - Translational displacements Colour palette = [mm]

Display options
e
Pred:aﬁned direction ] Display options

P A AR T

: : Apply Predefined direction ]

Positive direction ]:[ Megative direction . k, M

Auto apply

; [ apolv |
| Directien is parallel with global X axis ]

h [ Direction is parallel with global ¥ axis ]

[ Direction is parallel with global Z axis ]

Display options
Z 1ttt
| IClbject's local system ] Display options

. [] Auto apply ” 1 E ot
:+ : ~ Apply _[ Object's local system ]

1 Positive directicn ]:[ Megative direction ]— . @ T

Auto apply

; [ apply |
Direction is parallel with local x' axis
| p

[ Direction is parallel with local y' axis l

[ Direction is parallel with local z* axis ]

Eurocode code: Load cases - case 1 - (U) - Translational dlsplacemen Colouwr palette - [mm]

e 1t
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Display options Display options

AN ottt

Parallel with line [Perpendicularto plane
[¥] Auto apply [¥] Auto apply
Apply Apply

Eurocode code: Load cases - case 1 - (U) - Translational displacements|- (-0.37; -0.37; -0.85)|- Colour palette - [mm] —

1630

Zﬁiﬁ The Auto apply can be turned off in case of huge models, to avoid long-time refreshing.
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8.3. Shear center result

In FD 17, the shear center can be displayed for every storey.

A For displaying shear center, diaphragms are
needed for every storey.

Display result

Results ‘Shear center |
=- Analysm

[+]-Load cases

[+ Load combinations

- Maximum of load combinations
-- Maximum of load groups

= Eigenfreguencies

A Each displayed shear center represents the result of a calculation based on the storeys
below that storey. For example, the calculation of the center displayed on “Storey 2" takes
also “Storey 1" and “Foundation” into account.
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Eurocode code: Eigenfrequencies - Shear center - []
Wigw 1

e — TN

Alpha = -90.0 =
EI1 =9. 1710 +03 kMNm2
N EI2 = 3.3797e +09 kMNm2
4 ¥ =16.0m

y=20.0m
\ %2 =12.0m

L%

Values in the Tooltip:

- alpha: the angle between the X axis of
the global coordinate system and
stiffness directions,

- EN, EI2:
directions of strains,

stiffnesses in  principal

. - x Y. z the global coordinates of the

shear center.

Shear center results can be listed in List tables dialog/Analysis/Eigenfrequencies/Shear center.

]

List tables
Tables - 0 2 List objects...
e “ ' Eigenfrequencies m =
- Loads
- Finite elements Result lAaBbY'sz ’ l

- (Quantity estimation

E—:II .ﬁ.nalysisl

Modal masses

Shear centers

[omm | »

|- Load cases - -
] ) genfrequencies
1 Moving load maximum P MNodal vibration shapes -
{- Imper fections B : Hide irrelevant
|- Load combinations / Shapes tables
|- Max. of combinations 1 Regional decimal
|- Maximum of load groyps 2, symbol instead of
v dot
[ Fill all table cells
- Befsmic analysis -
= Fl_.‘:undaﬁon design
Shear centers
Alpha Ell ElZ * Y i
[rad] [kMmZ] [kMmZ] [m] [m] [m]
-1.571 885272730.053 2407186 15,178 15,000 20,000 3.000
-1.571 3449176340.867 1528795003.672 15.000 20,000 &.000
-1.571 £3264953858.797 2475347677958 15.000 20,000 9.000
-1.571 9170982555.342 337IF0T68.708 15.000 20,000 12.000
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8.4. Mass result

In FEM-Design 17, Masses result is renamed to Nodal masses, and new result types: Nodal masses and
Total / Level masses are available,

Loads:

Eurocode (Mé: Hungarian)
Wigwn 2

Ve

In FD 16:

Display result u

R_EIJHS
- Analysis
=8 Ei_genfrequencies

L Vibration shapes

| Masses \

Eurocode (MA: Hungarian) code: Eigenfrequencies - Converted masses - [t]

/

3]

L

In FD 17:
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Display result

Results . .
- Analysis Eigenfrequencies

[EB Figenfrequendes
Modal masses

i~ TotalfLevel masses
[+ Vibration shapes

Eurocode {NA: Hungarian) code: Eigenfrequencies - Converted masses - nodal - [t] Eurocode (MA: Hungarian) code: Eigenfrequencies - Converted masses - totalflewvel - [£]
Wiew: 2 Vi 5

/]

GG
el

|
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8.5. Minimum and maximum values of soil results in colour palette view

In the earlier versions, the results (translations or stresses) of solid (volume) elements in colour palette
showed only the results on the sidewalls of the volume.

In some cases the minimum/maximum values are inside the volume (not on the surface) therefore,
now the minimum/maximum points are indicated, and are showing the positions (coordinates) and the
minimum/maximum values. Using these points: User can for example make a 2D view section where the
minimum/maximum value can be visualised.

This new feature is available for Translational displacements or Solid stresses results in Display options/
Default settings/ Others dialog. User can set the font size and type, too.

|
(
4

Duplay cptions  Soma . -
ittt
8—
. L Aol
Per width for bars [mm] ... | 2
Shizvr finibe slements
o
[] Shazwe sk mirerm ard mandeum
-m‘r hl Fent formatting |
——————————————————————————————
Settings »
Result displaying auto Result displaying auto min/max 2D view through the maximum
min/max stresses translations point

B e s 15 Tt b e e st Eurecade code: Lead cases 1 - (1) Transtions dsplcements - Abs - Cous ot i) Ecrocade code: Laad cases. 1 + (U] « Trarsiational dispiacements - Abs - Calour palees - [mm]

00—
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8.6. Local stability results with more details

The maximum value and detailed calculation of the result is displayed.

Eurocode {NA: Hungarian) code: 1st order theory - Load combinations - U - Local stabiity - Overturning of walls - [%])

Eurocode (M&: Hungarian) code: 1st order theory - Load cormbinations - U - Local skahbility - Sliding - [%)

Fix | (Fy mu) = 16,3 / {174 * 0,300) = 31.251 % Fx | (Fy mu) =|13.7  (75.9 * 0,300) = 60,069 %

The detailed calculation can be hidden by unchecking the ‘Show extra information, if available’ box in
the Numeric Value dialog.

8.7. Colours of principal stresses, moments and normal forces

Colouring of principal stress, moment and normal force results of shells has been modified to make the
result more clear. The algebraically larger value will be the first principal value, by default indicated
with green colour. The algebraically smaller value will be the second principal value, by default

indicated with red colour. Difference in the Display options dialogs and the results is shown on the
picture below.
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Eurocode code: Load cases - d - Shells, Sigma 1/Sigma 2, kop {U) - Direction - [NjmmZz]

FD 1 6 Principal directions A e

() One size [m] vuvevrinn

(@) Proportional - scale ...

Scaling value ... 15.745442 Nfmmz]

[ Reset absolute ][ Reset relative ]

Colour if |1] = |2]

Colour if |2] = |1]

Pen width [mm]

[ Settings > ]

Eurocode code: Load cases - d - (U) - Shells, Sigma 1/Sigma 2, top - Direction - [N/mm2]

FD17

Principal directions A u

() One size [m]

(@) Proportional - scale

0
Scaling value ... 15. 745442 Mjrm2|

Reset absolute ” Reset relative I

Colour 1

Colour 2

Pen width [mm]

[ Settings > ]

Display options dialog for principal stresses of solids has been modified in a similar way as for shells, but
in this case, three colours can be set for the three principal stresses.

Arrows at the ends of the lines are indicating whether the principal stresses are tension (positive) or
compression (negative).
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@) Proportional - scale .............. | 0.00174

Scaling value ... | 2.871e-01 Njmm2]

| Resetabsolute || Resetrelative |

L Y ) P S =

[&Hinw] [ ok J[ comel ]
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8.8. Option to hide finite elements for colour palette results
To hide the finite elements from the result, click on the II' icon. In the pop-up window, Surface, colour
palette click the Others tab and uncheck the box next to Show finite elements, then click 'OK'.

Picture No. 3. shows the result without the finite elements grids.

Eurocode (MA: Hungarian) code: Load cases - 1 - (U3 - Translational displacements - Abs - Colour palette - [mm]

Surface, colour palette >

Palette  Others

Display with deformed shape

Scale factor ..ovvvviniiinnn 10,000
Scaling value ......... 236, 28634 )

Reset absolute Reset relative

Colour .ovvviiniiniinnii
Pen width for bars [mm] ... | 2 =

I Show finite elements

Settings > | QK | Cancel

pcode (MA: Hungarian) code: Lopd cases - 1 - (U} - Translational displacements - Abs - Colour palette - [rm]
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8.9. Scale to view option for colour palette results

In FEM-Design 17 for results displayed by colour palette, a new option is available in the Display options
dialog. It automatically rescales the results considering the maximum and minimum values of the current

view.

Displacement, colour palette X
Palette  Others
[imm] | _Pahm

01128465 B — o | |-= =

B scale w view
Reset absolute

Reset relative

0K Cancel

With Scale to view option turned ON, if User hides part of the structure, the palette will be rescaled
automatically:

Eurocode (NA: Norwegian) code: Load cases - f - (U) - Shells, My’ - Colour palette - [kNm/m] Eurocode (NA: Norwegien) code: Load cases - f + (U) - Shells, My - Colour pakette - (\Nm/m)

A If the result to be displayed needs wider scaling than the customized has, the program
overwrites the scaling to the view.
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9. Documentation

9.1. Option to hide sections

In order to speed up work in Documentation, Sections can be hidden/shown by clicking the checkbox
next to the section’s name.

The items’ titles of the hidden Sections are listed with grey color and their contents are not visible in the
documentation. Only a comment on a single page shows that the Section is hidden. Consequently, if a
Section gets hidden, the page numbering of the Sections following it, changes.

d -:N Section #5 - Hidden

¥ Section #7
(1 | Detailed result - Group 2, LC max
(1 | Detailed result - Group 1, LC max
~+ | 7 (RC design)
~+ | 8 (RC design)
(1 | Detailed result - Group 5, LC max
—+ |9 (Steel design)

Section #3
w (| Detailed result - Group 8, LC max
(1 | Detailed result - Group 7, LC max
~ | 10 (Timber design)

Al

The hidden sections are not locked thus, they can be cut, copied, pasted, moved, dropped or modified.
If an active section is moved into a hidden one, both sections will be hidden and vice versa.

It is possible to select more sections to hide at one go. Uncheck an active checkbox, all

the selected sections will turn off. Check an inactive one, they will all be shown.

9.2. Append templates

From now on, User can append previously saved Templates in Documentation. Items of the appended
templates will be inserted after the last existing document item.

The Append function can be found at the Templates menu in the bottom-left corner:

Properties...
Apply ..

= =
e Reset ave as...
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9.3. Docgraph windows are created according to the saved Window settings

User can save the Window settings for Docgraphs as default by clicking the Save as default button in the
Settings dialog.

@ Settings

#-{J Environment

--1_] Drawing

--1_] Calculation

--1_] Display

E-r Window
&:) Co-ordinate systems
: Grid

I Save as default I

Pictures 1 and 2 show that, if User turns off the grid but doesn't save that setting as default, the next
inserted docgraph will be displayed as the first one was displayed originally.

If User saves the customized settings as default, every next inserted docgraph, will be displayed
according to the saved properties. (See picture 3. and 4.)
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10. Others

10.1. FEM-Design Center

FEM-Design systray has been removed and replaced with a new, more informative tool called FEM-
Design Center. All the modules, useful links, updates and links to the add-ins are now in one place.

[

& StruSeft FEM-Design 17 X

FEM-Design & StruSoft

3D Modules

]
3D Structure 3D Frame Steel Joint

+43 ’E?

£

Plate Wall Plain strain

Tools

I AL

At the end of FEM-Design installation, user can select an option to launch the FEM-Design Center and
pin it to the taskbar for easier access, if necessary.

Completed the FEM-Design 17
Setup Wizard

Click the Finish button to exit the Setup Wizard.

Show release notes

Launch FEM-Design Center I

g@; CTRL+Left mouse button will open the last model.
Shitf + Left mouse button will open history in a jumplist.

We highly suggest the User to pin the command center so right clicking the icon on the tray will open a
jumplist where all the modules are listed.
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3D Structure

30 Frame

E H

PreDesign
Plate
Wall

Plane Strain

Steel Joint

Section Editor

|

Important news on FEM-Design

& StruScft Forum with FEM-Design topics

femdesign

58 Unpin from taskbar

=

10.2. Drag and drop

In FEM-Design 17 “drag and drop” function is implemented. Files in all supported formats can be now
simply dragged and dropped to the FEM-Design.

| = | Downloads - [m| X
“ Home Share View e
o <« LocalState » Downloads v | O Search Downloads 2
[ Desktop ~ Mame - Date modified Type Size

; Downloads 2017.11. 2

FEM-Design 16 Ed...

@ acel_csarnok

= Documents 2 2017, 11,29, 12 Microsoft Word D...
tiir@mIEDIDO
Drag and
dl‘Op [ FEM-Design 17 - 3D Structure - acel_csarnokistr - o X

Edit Draw Modify Tools Settings View Window Help

'
o

ads  Fintcclemerts  Analysis  Foundafion design  RCdesign | Steel design | Timber design

2
| & =
; 3 Q
) +
Ol i
1 ol
" s
)/ E %
. nE
2 )
. G
=
=
W ;‘ C-s.: IPE 300 *
y|espesm
/ [ |cespe 300
] 5| e e 350
Y= L’ C-s.: KKR 70x50x2 ?
3 |5 —]
=

F| 20mm  ma2m 0000m |Layes [T+~ 5 L O s [+ R KO LB X0
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10.3. FEM-Design Support tool

This tool helps the User to reach the Support team easily and get answers for specific model dependant
questions. This can be found at Help/FEM-Design Support menu.

-
File Edit Draw Modify Tools Settings View Window | Help

Structure | Loads  Finte elements  Analysis  Foundation ds FEM-Design Support '

% -e. @-— D & ﬁl ﬁl ﬁ Recent changes
— FEM-Design Forum
Structure grd Fa... Bar e
Eurocode (NA: Finnish) -Uesign Videos
LJ & [Tl FEM-Design Documerts
5
— -/ a3 Home page
LEJ = Download page
= O @ Check for update
@ Check for upgrade
. Iy
1 D '—_| About FEM-Design. ..
) FEM-Design Support _ O %@

St S ft e @ | prefer answer via email Help |
r U O @ | prefer answer via phone and/or Team\iewer remote Local Support |

[ Attach current model [ Attach result file

Add files. .. |
Remove file |

Include your contact information. Strusoft Support will contact you as soon as possible.

Name Telephone

| |

Email address™ ‘Company name
| |

Description

User can decide how to receive answer, via email or phone and/or TeamViewer (remote desktop

If the Attach current model is active, the current, saved model will be send to the support along with the
report. If the model includes linked DWG files, those files will be attached as well.

Add Files allows to add more files (e.g. pictures) to the report.

The Help button links to a guide on how to use this tool. There, one can find more detailed explanation
of the tool functionality and its limitation.
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10.4. Company settings

It is a very fast way to export all FEM-Design settings and libraries to any other computer. With this
feature User can deliver their company preferences from one computer to another very easy and quickly.

@) StruSoft FEM-Design 17 — x

-—
4

FEM-Design %9 StruSoft

3D Modules
—p
]4, ﬁ IE Support
o " & Manuals
3D Structure 3D Frame  Steel Joint Webinars
Trainings
20 Modules

Farum

3 N 1 - & Videos
% Lﬂ = = Release notes

Check for update

Plate Wall Plain strain
Check for upgrade
Tools + Download center
l ’ z‘ ’ ZI Revit Add-In
— / \ Tekla Add-In
Export Import

Export 7and import settings % can be found in the FEM-Design Center. The company settings file has
* fdcs format.

I A FEM-Design Company Settings — x I
{ ) ) ) [
: Settings and libraries Additional files
| |[] settings -release templates'\demo. tih Export

1+*| Material library - release \templates\fdacelkeret.bsc —

[] Section library - release\templates!fdacelkeret. xtx Close
| [ reinforcement library -

Bolt library

Predefined load library
Timber panel library

Joint libraries

|| Fire protection material library

Files

Add

< > Remove
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The following items can be exported:

settings

- libraries

- doc templates

- list batches

- title blocks

- list templates

- Office OpenXML templates

10.5. Graphic engine settings and Draft mode

The graphical settings moved to Environment/Graphic engine and two font rendering option is available.
By using the Draft mode, drawing the texts to the screen is much faster but the quality is bit lower.

Version 16 Version 17

Settings X
& settings &} Settings q q
4 General B amonment Graphic engine

il General = L -

o o [ e Graphic engine Font rendering

—+ Cursor i (®) Directy. ' (®) Normal

T Guide fine and Thgcker 7] Check for update at start language..... |Engish [ Cu:w‘ . OopeneL O)oratt (faster)
-2 Drawi =T G T
sbmms Flcheckfor ipgrade st A rmesave o [ 15 D Gudeloe sndTroder | [ 65y

- Display [ Autto load last drawing Undo steps .vo.v., w - Calaulation ODirsct - safe mods
- Window -3 Display () OpenGL - safe mode -
3 Window () Disable all hardware b
Graphic engine View acceleration &
(@ Directx ' Enable Windows visual styles o
O opensL Window background .
(O Directxg -
Highlight colour ....... —_
(O Directx - safe mode EhE
OopenGL -safemode [Filter palette
(O Disable al hardware b v ;
e & Display information pop-up
Remarks > Animate view changes

Save as default

10.6. Timesave

Timesave (backup) in FEM-Design 17 will save only the input file and not the result file anymore. This
ensures a quite fast backup of model using less disk space. There is no option to save the result file in

Cancel

-3 Drawing

Save as default

Cancel

case of timesave. To save the result file, please Save the model from File/Save or (Ctrl+S).
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