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3D structure

Introduction

This tutorial shows the input and verification of the structure shown in the picture below. Columns are made of RHS
profiles, beams are I-profiles. Material class Fe 360 is used. Beams are loaded by linear load 718 kN/m. Two columns are
loaded by trapezoidal load (72kN/m at the top and 19kN/m at the bottom). Supports are rigid. The programs "Fin 3D" and
"Steel" will be used.
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Structural model

The main window appears after running the program "Fin 3D".
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Main application window

Basic part of structure

The structure will be created with the help of manual input of joints and members. This input style shows most of
particular procedures which appear during the work with the software. The input will be done using following steps:
*Input of a first frame (two columns and a beam)

*Input of load

*Copy of the existing frame
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+Input of transverse beams and their load

This procedure is not the easiest way, however, it shows variety of functions and tools included in the software. First, we

save the project. The name (for example "3D project") appears in the heading of the window and is also copied into
designing modules.

We select the mode "Add members".

B! FIN EC - FIN 3D [D:\Fin EC\data\3D project.fe]

File Edit Entry Tools Options Help

(&) Project information = | @ mnial
b= Generate |
=l Topology @O

] Add joints
D= B
.4l Edit ‘h S [

Mode for input of members

This mode launches the window "Member prototype". This window contains properties (cross-section, material, end
conditions) that will be assigned to new members. We will continue with the help of the button "Profile".

Member prototype

Member profile

Edit section Edit material

Section: no input

Material; no input

Member
End conditions: Fixed —— Fixed + || | Load from structure
Beginning (local coordinate sys.): End {local coordinate sys.):
Displ. : Rot.: Displ. : Rot.:
1: [V Fixed 1: [V Fixed 1: [V Fixed 1: [V Fixed
2: [V Fixed 2: ¥ Fixed 2: |V Fixed 2: [V Fixed
3: ¥ Fixed 3: ¥ Fixed 3: v Fixed 3: W Fixed
Hinge 2,3 Fixed Hinge 2,3 Fixed
Special (8]4 Cancel

The button for input of cross-section and material

The window "Profile prototype" which contains options for input of cross-section and material. We will use the button
"Steel".
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Profile prototype

Section
Section type:
EEEN
Concrete Masonry
IUzer defined Editor
Edit input
Section rotation:
o= 000 | [€
Material
Catalogue
| User defined
Load from structure Ok Cancel

The button for input of steel cross-section

The window "Steel section" that appears after the clicking on the button contains an option to select type of cross-

section. We select database of rolled cross-sections (the option "Solid hot-rolled") and open the window "Profiles
catalogue" by pressing the button "OK".

Section types:

Solid hotrolled
Solid welded

Solid

Built-up hot-rolled
Built-up rolled
Built-up welded
General section

Cancel

Choice of cross-section type

We select the section type "Seamless tube circular cross-section" (RHS) in the first column of the database and the
item "TK 168x16" in the second column. The choice of cross-section has to be confirmed by the button "OK".
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Profiles catalogue

Profile dass Profile .
Cross-section U Chinese TK 168 x 5 ~
Cross-section L equilateral TK 168 x 5.5
Cross-section L unequilateral TK 168 X 6
TK 168 x 7
Seamless tube rectangular cross-secti TK 168 x 8
Seamless tube square cross-section TK 168 x 9
Cross-section T TK 168 x 10
MSH circular cross-section TK 168 x 12 =]
MSH rectangular cross-section TE 168 x 14 =
MSH square cross-section i
Seamless tube Chinese TK 168 x 18
Sheet pile L TE 168 x 20
Sheet pile U Chinese TK 168 x 22
Sheet pile Z TK 168 x 25 e

S
| Information | o | | Cancel |

Database of cross-sections

Materials catalogue - Structural steel

After the confirmation a window with material grades appears. We select the strength class "EN 10025: Fe 360"

Stainless steel EM

Structural steel EN EM 10025 : Fe 360 k |

EM 10025 : Fe 430
EM 10025 : Fe 510

prEN 10115 :
prEN 10113 :
EM 10210-1:
EM 10210-1:
EM 10210-1:

FeE 275
Fe E 355
5235
5275
5355

: Information

[+ oK , Can::el;

Choice of strength grade

The properties entered in the window "Profile prototype" are displayed in the following figure.
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Profile prototype x
Section

Section type:

A Steel Timber

Concrete Masonry
User defined Editar
¥ Edit input

Section rotation:
o= 0,00 | [

Structural steel TK 168 x 16

A = 7,69E+03 mm? P =955,0 mm

I, = 22,3E+06 mm* I; = 22,3E+06 mm*
Material

Catalogue EN 10025 : Fe 360
E = 210,0E+03 MPa G =81,00E+03 MPa

User defined | @ = 12,00E-06 1/K 1 = 78,50 kiNfm?

Load from structure (14 Cancel

Profile prototype with specified cross-section

After the confirmation of the window "Prototype profile" by the button "OK", the prototype properties will be docked in the
bottom frame. The input of members in the workspace is enabled now. First, we will insert a column. We specify the start
of global coordinate system as a member beginning. The cursor snaps to this points automatically in close surrounding.
The snapping is also indicated by the change of cursor appearance.
i Z
Y
2 | "

/@H“ﬂv

X

REGEFRE

The cursor appearance when snapping to beginning of coordinate system

We show the orientation of the column by the cursor in the next step (the orientation should be in the direction of the axis
"Z"). The alignment into this direction is automatically offered by the program (the program automatically snaps into 45°
directions as a default).
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Paralelly, we specify the length of member (column height) 2.35 using keyboard. The lengths have to be specified in
metres. The length entered on the keyboard is automatically inserted into the input field "Ar" in the bottom part of the tree

HRRuTLRRFE|TES

Member orientation given by the position of the cursor

menu. The input has to be confirmed by the button "Enter".

The input of beam follows. The beginning is identical to the end of the column, the end will be specified with the help of
cursor (direction parallel to the axis "Y") and the length 4m. We will finish the input of the length by the button "Enter".

We will continue with the input of the second column. The input will be done from the end of the beam against the

direction of the axis "Z".

¥

FNGBEFEEP

B et et i
B Calculation
Input
" 0,000 [m]
- IR 0,000 [m]
- A 2,350 [m]
Ar: 35|
90,00 [D]
Pictures

u
Input of member length

IRRINE

Quter jr
Displace
X: [
=l
=
Rotatior

r
-

| = =

Input of beam
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REGLFRE ||

X

Frame made of two columns and a beam

We terminate the input of members by a right mouse button click. After that, we change the display settings to improve
the visibility of input. The window "Drawing settings" can be opened with the help of the context menu, which can be
launched by a right mouse button click everywhere in the workspace.

-
TET, 4+ Addjoints
~  Add members
T
M o Edit
l_' ¥ Delete
£ ?  Information
Modify 8
B
& ™. [Drawing settings ...
> Cancel i
&

Drawing settings in the context menu

The window "Drawing settings" contains parameters, which affect the displayed objects in the workspace. We check
settings "Beginnings" and "Sections". First setting highlights beginnings of members by black arrows, second shows
member masses. The window has to be closed by the button "OK".
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Drawing settings

Structure topology  Structure load

Cormrmon

¥ Global coordinate system Iv Draw grid
¥ User coordinate systems

Joints Members
[~ MNumbering [~ Numbering
¥ Symbals [ Local axes
¥ Supports v End conditions
[T Coordinate systems v Beginnings
V¥ Sections
Caomman

[~ Load, internal forces and deformation only on selected members
[ Show units for load, internal force and deformation values

Correction of display size '
for load, int. forces and
schematic deformations: smallest default largest
Text size: .

smallest default largest
Size of support symbaols; '

smallest default largest

: 0K Cancel

Changes in the window "Drawing settings"

The workspace shows now, that both columns and beam have identical cross-section (RHS). Therefore, next step is to
change the cross-section of the beam. We open the context menu for the beam by right button mouse click on this
member. We select the option "Edit member" in this menu.

Edit member 2
Lelete member £ E

Divide member 2
Drawing settings ...

Cancel

< @ E R

X

The context menu for the beam

This action opens the window "Properties of member". We change the cross-section using method already described
above. The button "Profile" launches the window "Edit profile". We select the option "Steel" in this window.
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| Edit profile

Geometry cechion

Beginning: | — Section type:

=l - =
Member profile Timber
Concrete Masonry

Section: TK 168 3 User defined Editor
A = 7,69E+03 mm3

| Materiak EN 100, N Edit input
E = 210,0E+03 MP d

oy = 12,00E-06 1K Section rotation:

Member o= 0,00 | [
End conditions:

Beginning (Jocal co

Displ. R Structural steel TK 168 x 16

. A = 7,69E+03 mm? F = 955,0 mm
LV Fixed 1 1, =223+06 mm* I, = 22,3E+06 mm*
2: ¥ Fixed 2
; 3 Fixed 3 Material B
Hinge 2,3 | Catslogue | EN10025: Fe 360 B
1 E = 210,0E+03 MPa G = 81,00E+03 MPa F—
Spedal NU | User defined | @ = 12,00E-06 1)K 7 = 78,50 khjm? 3
T = - Fe
B ¥ 2 =Fe
2 Load from structure 0K, Cancel | B
3 3 Fe

The change of beam cross-section

The cross-section type "Solid hot-rolled" should be selected for opening the database of rolled cross-sections. The beam
should have the cross-section "I(IPN) 200".

Profiles catalogue

Profile dass Profile a
~ | [1(PN) 8O ~ k“*\ f“"J
Cross-section IE I(IPM) 100
Cross-section IPE I{IPM) 120
Cross-section HE I{IPM) 140
Cross-section HL I(IPM) 160
Cross-section HD I{IPM) 180
Cross-section HP Ililﬂﬁ_ o
Cross-section W I{IPM) 220 =1
Cross-section UB I{IPM) 240 o
Cross-section UC I(IPM) 260
Cross-section ] I{IPM) 280
Cross-section LBP I(IPM) 300 e 715
Cross-section 5 I{IPM) 320
Cross-section HP American ¥ | [I{IPMY 340 R it
Standard Euronorm 24-62, DIM 1025-1, CSM 42 5550 o r_:ﬁ‘—/ \—_——W
Source ArcelorMittal, Ferona =
L 20,0 [
A A
Information _ OK Cancel

Cross-section of beam

After finishing the changes of beam's cross-section, we will continue by modifying the second column. We open the
window "Properties of member 3" for the right column and change the orientation of the member (the order of start and

9
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end joints). The orientation is not significant for an analysis of internal forces, however, may be critical for a correct
verification in the designing module when using unsymmetrical design properties (parameters of buckling etc.). The
orientation can be changed by the button "<>" between numbers of beginning and end joints. The weindow has to be
closed by the button "OK".

Properties of member 3

Geometry
Beginning: 3 - End: 4 -
Member profile
Profile Edit section Edit material I’:“_I
Section: TK 168 x 16
A = 7,64E+03 mm? I, = 22,3E+06 mm* -
Materiak EN 10025 : Fe 360 2
E = 210,0E+03 MPa G =81,00E+03 MPa
oy = 12,00E-06 1/K = 78,50 kM/m?
Member
End conditions: Fixed —— Fixed ||| Load from structure
Beginning (local coordinate sys. ): End {Jocal coordinate sys.):
Displ. : Rot.: Dizpl. : Rot.:
1: |V Fixed 1: v Fixed 1: v Fixed 1: [ Fixed
2 W Fixed 2: ¥ Fixed 2: | Fixed 2: ¥ Fixed
3 v Fixed 3 ¥ Fixed 3 ¥ Fixed 3 [ Fixed
Hinge 2,3 Fixed Hinge 2,3 Fixed
Spedial Mumber 3 oK Cancel

Change of column orientation

After that, both columns have identical orientation parallel to the axis "Z".
i

FRAGFRE|T

X

The structure with identical orientation of columns

Load input

The input of loads follows. We switch the tree menu into the mode "Load cases" and add new load cases with the help of
the button "Add" in the toolbar, that is located on the left side of the input frame.

10
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= Load 3 T A
----- (®) Load cases e
X

i b Bdd member load e Add B |BE

.4l Editload —[%— Number

L. 3¢ Delete load B
----- {) Combinations Remaove
The button for insertion of new load cases

The window "New load case" automatically starts with properties of the load case "Self weight - permanent”. This load
case represents a self weight of the structure and the loads included in this load case are generated automatically
according to the member properties. We insert this load case by the button "Add".

Mew load case

Load case

Mame: Gl self weight-permanent

Code: self weight || Type: permanent ad
Load factor - unfavourable effect of load ; T, 5up = 1,35 | [H]
Load factor - favourable effect of load : Ik = 0,90 | [
Category: [default input] i
Factor of permanent load reduction in alternative combination ; k= 0,85 | [

Mumber: 1 [ Add Cancel

Load case "Self-weight"

Analogously, we add two other load cases with selected type "Long-term variable".

Mew load case

Load case

Mame: Q2 force Hong-term variable

Code: force * || Type: long-term variable =

Load factor - unfavourable effect of load : TFSup = 1,50 | [H]

Category: Category A: domestic, residential areas b

Factor of combination value : g = 0,70 | [

Factor of frequent value : Y = 0,50 | [

Factor of quasi-permanent value ; = 030 | [
Murnber: 2 [ Add Cancel

Properties of long-term load case

11
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The list of specified load cases is displayed in the bottom frame.

o Add L+ TS Load caze
o Edt Mumber Mame Code Type Category
1 |G1self weightpermanent |Self weight |Permanent [default input]
_ X Remove - 2 |[Q2 force Jong-term variabh |Force Long-term variable Category A: domestic, resic
4+ Up * 3 |03 force -long-term val| Force Long-term variable Category A: domestic, r

List of load cases

The next step is to insert loads into these load cases (except self weight). The active load case (we start with "Q2") has to
be selected in the drop-down menu in the heading of the workspace.

= @ e - | E| Active load case | Q3 force Jong-term variable - Force |E|: |

@) [MA]

. 31 self weight-permanent - Self weight
a ()2 force dong-term variable - Force k
@ ) : 23 force HJong-term variable - Force

Choice of the active load case

We switch the tree menu into the mode "Add member load" and specify linear load with the value -18 kN/m in the
window "Prototype of member load". The prototype properties has to be confirmed by the button "OK".

i Add scissor joint

.87 Convert joint to abs.
E Load

Prototype of member load

© () Load cases Load values Preview
O Load Type: distributed on entire member i

- J Add joint load 2
- Add member load Orientation: Orientation along global Z-axis =

-4l Edit load . : - 3
-3 Delete load f: ,,frn] 2er
i {0y Combinations lok. 1
L..{0) Dynamics /
Calculation

oK. Cancel

B8 FRNEFRE T8

Prototype of member load

We assign this load to the beam by clicking on the member in the workspace. The load appears in the workspace
immediately.

RAERRE TS

Structure with inserted load
We change the active load case to "Q3" in the heading of the workspace. As the load will be identical for both columns,

we will use a tool for insertion of loads to selected members. First, we select columns in the workspace. Selected
members are highlighted by a green colour. After that, we select the option "Add member load" in the context menu.

12



=ZFINEC

A ¥ Delete selected elements (2)
E Maodify selected elements (2] L
Tﬁ; " Copy properties to selected members (2)

m I Edit profiles of selected members (2)

H C— Edit end conditions of selected members (2)
E m  Add member load Mo

Cancel selection

s ™. Drawing settings ...
e »*  Cancel

9 ]

The context menu for columns

We select the load type "trapezoid on part of member" and the orientation "Along global X-axis". We also specify
values at the beginning and end and the length.

Mew load of selected members

Load values Preview
Type: trapezoid on part of member =
. . o -1 . 2
Crientation: Crientation along global X-axis i .{AK. +15
K
5 ’ +q
fi: -19,00 |[kNjm]  a: 0,000 | [m]
ok, )
fa: -12,00 | [kNjm] d: 2,350 | [m] \M
OK Cancel

Load for columns

The load is applied to both columns after the confirmation by the button "OK". The selection of columns can be cancelled
by the key "Esc".

¥

FRALRRFE|T ¢ & (

-

The structure with column loads

The last part of the load input is a creation of combinations. The combinations are organized separately for ultimate and
serviceability limit states in the program. First, we specify combinations for ultimate limit states. We will create two
combinations. Both of them will contain all three load cases, however, the main variable load will differ. The tree menu
has to be switched to the mode "Combinations". We add new combinations with the help of the button "Add" in the
tab"1st order combination ULS" in the bottom frame.

13
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-4 Editload ¥ oA
i e Delete load .
i {8) Combinations J 1st order combination ULS (0) IELEJEI
() Dynamics ¥ Generate et |eo ]
Caloulation y Mumber
g A P
: M

The button for input of load combinations

Combination properties are organized in the window "New combination". Load cases can be added into the combination
with the help of the left check boxes in the column "Consider" of the table, which can be found in the mid part of the
window. We also tick the second check box for the load case "Q2" in the column "Consider". This setting sets the load
case "Q2" as main variable load. We insert the combination into the project with the help of the button "Add".

Mew combination

Combination characteristics

Mame: Q2:G14+03

Type: Basic hd

Load case Enable
Mame Code Type Consider Factor

1 zelf weight-permanent Self weight Permanent O 1,00

Q2 force dong-term variable Force Long-term variable 1,00

Q3 force Hong-term variable Force Long-term variable O gD, 70)
[ Add Cancel

The main variable load

We change the setting in the second column "Consider" and set the load case "Q3" as main variable load. Again, this
new combination has to be added by the button "Add". We close the window by the button "Cancel". Created
combinations can be displayed in the dedicated window "Table of combinations". This window can be opened with the
help of the button "Table" in the toolbar on the left side of the bottom frame.

14
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Table of combinations - combinations 1st order

Combination characteristics

L+ THIST Combinations 1 self weight|Q2 force dong|Q3 force HJong
nf2 Mame Type Accdental |Permanent  |Long-term wvar |Long-term var

Mumber load Enable Enable Enable
¥ 1 Basic 1,00(» 1,00 wiglD, 70}
2 Basic 1,00 Wwigl0, 700 | » 1,00

Shorf desoripfion:

Long description:

Remove ..

Combination Q2:G1+0Q3; typeBasic;
Main variable load: Q2 force HJong-term variable

T5up, 1(1,35)"[G1] + F,5up,2(1,50) Q2] + ¥, 5up,3(1, 50) *wip, 3(0,70)*[Q3]

] OK

f,zup, 101, 35) * [G1 self weight-permanent] + 15 sup,2(1,50) * [Q2 force Jong-term variable] +
"ff,zup, 301,500 * wp,3(0,70) * [Q3 force HJong-term variable]

Cancel

The input of combinations for serviceability limit states follows. We will use an automatic tool "Generator of
combinations" in this case. This tool can be opened by the button "Generate" in the tab "1st order combination SLS".

Table of combinations

¥ Generate I

- (SR

1st order combination ULS (2 | 1st order combination SLS (0 ) | 2nd order combination ULS (0

s Add

The window "Generator of combinations" contains rules, which affect the count of created combinations. We add a new
rule which ensures, that specified variable load cases will be included in combinations together. We will use the button

Mumber

The button for generating of combinations

"Create" for the table "Mutually interacting load cases".

15
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Generator of combinations - combinations 1st order

Conditions of generatar

Load cases and groups acting as the main variable

Mutually interacting load cases Exduded interaction of load cases. load
Resolve Add Madify Remove ¥ Automatically create main variable loads
B C | Interacting load cases L+ TS ] Exduded mutual interaction Add Modify Remove
Count: 3 |from these G: 1; Q: 2 Count: 0
0|5 i i
y 1 1 0| B B Main variable loads
Q2 Count: 2
>
3 Q3 - ==
2 Q3

Characteristics of generator
Existing combinations: remove all combinations - I™ Permanent loads act only unfavourab
Generate: W Characteristic [ Frequent [ Quasi-permanent [ Final deformation v &l permanent loads always in combination

Expected number of combinations : 5

Generate Cancel

The button for input of interacting load cases

We tick load cases "Q1" and "Q2" in the window "Mutual interaction" and insert this rule by the button "Merge".

Mutual interaction

Cancel

Mutual interaction of load cases

Other parameters of generator may stay unchanged. The tool creates a set of combinations for serviceability limit states
after closing the generator window by the button "Generate".
Enlargement of structure

This chapter describes the enlargement of the structure with the help of tool for copying the elements. This tool will copy
existing frame to a new position. First, we select upper joints, as transverse beams can be created automatically in the

positions of selected joints.

16
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I’

)
3

,::'\'2,
S
Y &

Selection of joints in the workspace

FALRRE P8 & (

We use the tool "Copy" in the tree menu and select the mode "Move in axis direction".

Move methods Preview

I@ move in axis direction I

() move determined by two points R
i

oK Cancel

The choice of vector input

The settings in the window "Move/Copy parameters" should be defined according to the figure below. We use also the
setting "Connect sel. joints by members", which creates new beams connecting old and new frames in selected joints.
The cross-section of these members has to be set with the help of the button "Member - set".

17



=ZFINEC

Move/Copy parameters

Information

Total joint count: 4 Total member count: 3
Count of selected joints: 2 Count of selected members: 0
Manipulation method Elements to be handled

(®) Copy () Mave Chal (®) Selected
Copy parameters

[¥ Filter identical joints and members W Copy supports

¥ Copy concentrated masses ¥ Copy loads

[~ Create new saved selection

¥ Connect sel, joints by members:

Copy count: 15

Moving parameters

Move in direction of the X-axis: 0,000 | [m]
Move in direction of the Y-axis: 0,000 | [m]
Move in direction of the Z-axis: 0,000 | [m]

oK Cancel

The button for input of connecting beams properties

The known window "Profile prototype" appears. It is possible to use the button "Load from structure” in the left bottom
corner and copy cross-sectional properties from existing member.

18
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Profile prototype

Section
P Section type:
Steel Timber
Concrete Masonry
User defined Editor
Edit input

Section rotation:

o= 0,00 | [9]

el

Structural steel I(IPN) 200
& = 3,39E+03 mm? P =707,1mm
I, = 21,4E+06 mm* Iy = 1,16E+06 mm*

Material

Catalogue EN 10025 : Fe 360
E = 210,0E+03 MPa 5 =81,00E+03 MPa

User defined | o+ = 12,00E-06 1/K 7 = 78,50 kN/m3

Load from structure 0K, Cancel

The button for copying properties

The last part of copy properties is the vector of transformation. We enter the value -4m into the input line "Move in
direction of the X-axis". The parameters have to be confirmed by the button "OK".

19
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Move/Copy parameters

Information
Total joint count: 4
Count of selected joints: 2

Manipulation method

@ Copy (::l Move

Copy parameters
[ Filter identical joints and members
v Copy concentrated masses

[~ Create new saved selection

¥ Connect sel. joints by members

-

Copy count: 15

Moving parameters

Move in direction of the X-axis:
Maove in direction of the Y-axis:

Move in direction of the Z-axis:

Total member count: 3

Count of selected members: 0

Elements to be handled

(® Al

¥ Copy supports
¥ Copy loads

|_ -4.000 | [m]

0,000 | [m]
0,000 | [m]
oK Cancel

() selected

Member - set

Input of vector

The tool copied the frame into a new position and also added new beams connecting old and new frame.

Columns were copied including loading. As only two columns should be loaded, we have to delete loads on new columns.

< (B8 R

X<

Created structure

We select these columns and use the tool "Delete load at selected members" in the context menu.

®
.
Q

x

N

g-

t

Delete selected elements (2)
Modify selected elements (2)

Copy properties to selected members (2]
Edit profiles of selected members (2]

Edit end conditions of selected members (2)

Add member load
Edit loads at selected members ()

g la

Delete load at selected members (2) I
Wl

20
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Deletion of selected loads

We cancel the selection by the key "Esc". After changing the active load case to "Q2" in the heading of the workspace,
the workspace shows, that there is not any variable load pplied to new transverse beams.

e

© |8 ® KR

Load case "Q2"

We select these beams and insert loads with the help of the tool "Add member load" in the context menu.

@ X Delete selected elements (2)
Q Maodify selected elements (2] L
" Copy properties to selected members (2)
E Edit profiles of selected members (2)
Z—  Edit end conditions of selected members (2)
m  Add member load .
] )
W Cancel selection
o Add B G R ™. Drawing settings ... :
Mumber Mame N
Edit - —
5 [ 1 |G1Self-weight S WA
X Remave | » 2 |02 Long-term variable 'Force Long-term variable

Add load for selected members

The new load properties are identical to existing ones.

Mew load of selected members

Load values Preview
Type: | distributed on entire member "’
3 : ; g - I Z
Crientation: | Orientation along global Z-axis i .{AK.
Y +f

3
f | 18,00 | Bovim iﬁcﬁmjj_mmm

ok, !

] oK | & cancel |

Load properties for new beams

The last topology editing is the input of supports. First, we select all base joints of columns.
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Selection of base joints

We will use the tool "Edit supports of selected joints" in the context menu for selected joints.

L=,
¥ Delete selected elements (4)
% P W ot s Modify selected elements (4] L
o . - —— r 4 Copy properties to selected joints (4]
o RN wx —
- — "l'f__'ﬁ_. | £ Edit supports of selected joints (4) [

“E| I Addload to selected joints (4)
Cancel selection
™. Drawing settings ...

X i > Cancel

Support properties for selected joints

The joinst should be supported in all directions. We can use pre-defined button for fixed support in the right part of the
window. The window has to be closed by the button "OK".

Support properties of selected joints
Quter joint support:

Displacement in axis
X v fixed
¥: v fixed
Z: W fixed
Rotation about axis
X v fixed
¥: v fixed
Z: W fixed

Spedal : oK | Cancel

The button for easy input of fixed support

The structure is complete and it is possible to start the analysis.
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Completed structure

Analysis and results

The analysis can be run using the tool "Calculation” in the tree menu. The window "Calculation properties" with
analysis parameters appears before the analysis. We start the calculation by the button "OK".

Calculation properties

Calculation  Calculation setting

1st order analysis

[¥ callate Load cases count: 3
Combinations count: 5

Design

Total combinations count: 5

standard design can be launched

Fire {(acddental) combinations count: 0
fire check cannot be launched

¥ Save data prior to calculation

. [ oK il X cancel |

Confirmation before analysis

The window with analysis log is shown after the calculation is finished. We will go back to the main window with the help
of the button "Close".
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Calculation progress  Calculation results

| Data recapitulation

(i) jointcount: &
(i) members count: &
(i) load cases count: 3

Preparing 1st order calculation

(i) count of calculation joints: 8
(i) count of calculation members: 8
(i) combination count: 5

Static 1st order calculation

(i) Calculation successful

Close

Window "Calculation" with analysis report

The deformed structure appears in the workspace.
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) Teoks {3 | -.-"-ﬁ_ﬁ' o .'.:ﬂ-;.;-uﬁln
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# Copw ¥ | WY T = i 5.8 Figzaidg o
i Aptats | | OWE 40 2 t U&Jn i 'l-'l,. _1,;;1
I+ Mo | o 1] | i P
W ademr it | & | i | FlEr J oWz -0
%4 Conert ok 1o sbs. || ol R |12 | WX -B 8 WX E !‘! ¥
= Load | W T E w12 WY -0y
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Inbermal farces 1=
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Contact siress
iy Fhiy L]
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W S dor [, read]
Fchrss
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Coart 0
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Deformations in the structure

The program contains variety of tools for displaying the results. The window "Results view settings", where the
displayed quantities can be selected, can be launched by the button "%3" in the toolbar above the workspace.

g Froject information A Ql_g%l @ Deformation E
Generate
= Topology @

- Add joints @
The button for opening window "Results view settings"

We switch on the display of bending moments.
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Results view settings

Result type: Result drawing method
[v Deformation ¥ Describe ™ Highlight maxima
Description type: | All values 5
[~ Reaction Fy ¥ Describe = a
[” Reaction Fy ¥ De = | ghlig
[~ Reaction Fz ¥ De = | gnlig
™ Reaction My ¥ De = | ghlig
™ Reaction M., ¥ De ™ Highlig
[ Reaction Mz ¥ o M H ghlig
[ Contact stress 2 ¥ T H ghlig
[ Contact stress 3 ¥ De I H ghlig
Internal forces in member coordinate system i
[ Normal force - M ¥ C ™ Highlight maxima
[™ shear force - Vs ¥ C ™ Highlight maxima
Shear force - V3 ¥ Des ™ Highlight maxima
¥ [Bending moment -M2 W D [ Highlight maxima
v |Bending moment -M3z W D ™ Highlight maxima
~ Torsional mament - Mg ¥ De = | ghlight maxima
[T st ve 5 if [T Describe i"-; J
|| ping 0 I o = [ Highlig
I™ Bim : I Describe I™ Highlig =
Draw everything Compl. description Maxima everywhere
Draw nothing Mo description Maxima nowhere
: 0K Cancel

Results can be shown for given load case, combination or envelope. Envelopes show extreme values for more selected
load cases or combinations. We will define the envelope of both combinations for ultimate limit states. We select the

Bending moments

option "Envelope of 1st order combination, ULS" in the drop-down menu "Diagrams”.

< | @ M along member

—_—
A | E Diagramsi 1st order combination, LLS |E| I [1] Qz:

Ty, [nA]
E"’-:‘-‘ load case, LLS
T load case, 5L5

1st order combination, LLS
1st order combination, 5LS
load case envelope, ULS

Choice of displayed values

The window "Envelope of 1st order combinations" appears. It is necessary to tick both combinations in the left part of

the window.
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Envelope of 1st order comb.

List of ist order combinations: Internal forces Reaction
M1 02:61+03 Al () Minimum () Minimunm
(7] Q3:61+Q2 () Maximum (®) Maximum
L= (®) Both extremes () Both extremes
Inverse Envelope key Envelope key
(®) Per member (@) all
Criginal ;
() Per section ..
F
(@) all O ¥
OF;
N
O ® .
Va2 O
O e
? Om
L Mz 2
O M3
':::' My
OK Cancel

Choice of included combinations

New diagrams show extreme values of bending moments in all points of the structure.
s

=l

c @ RACTRERE (T8

Envelope of bending moments for ULS

Verification

The last part of the work is verification of members in designing modules. To reduce the necessary inputs, we merge eight
members into two design groups (columns and beams). Design group is verified as one member, however, more results
of analysis are considered during the verification. The design groups can be created automatically using the tool "Design
members" "Generate" in the tree menu.
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Calculation 1=
=] Results

- {#) Diagrams i
Q
Ty Design

Legend

The tool "Generate" in the tree menu

We will use the option "Generate design groups" in the window "Generate".

Divide design elements to members

Cancel

Generation of design groups

The window "Automatic search for design groups" shows, that two design groups (columns and beams) were found.
The right part of the window shows the structure view with highlighted active group.

Automatic search for design groups

Design groups

Description Direction
* 1 |element1 [|identical
2 |element 2 different

¥ Consider all generated elements oK Cancel

Automatic search of design groups

The warning regarding the different orientation of beams appears after the confirmation of design group search. As beams
have symmetrical verification parameters (buckling properties etc.), we can continue using the button "OK".

Question

@ Some selected groups include elements with different directions!
This can cause incompatibility between internal forces and design parameters.
Do you really wish to continue?

QK Cancel

Warning regarding different directions
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The created design groups can be described in the bottom frame for the mode "Design members" of the tree menu.

El Results

------ ~~(C) Diagrams

------ @ Design members
: ¥ Generate

Legend

Internal forces

N- [kN]

Names of design groups

I_:[::I el
= 540 14,
Q = 4,07 B4 f
£ Generate 0o &l__Desgiption Type
= Columns Hesign group 1,
Combir Eeamsl esign group o
M Divide

We switch the tree menu into the mode "Design" and run the design module "Steel" by the button "Run program"”.

B Calculation
El Results
------ () Diagrams
------ D Deesign members
: i B Generate
L3¢ Break
...... @ Design
Legend
Internal forces
N- kN]
M3, Mz Mz, My, [kim]
Vi, ¥z V3 l"' [kN]
My Tg T B [kMm, kMm3]
Reaction [k, kMm]
Contact stress

All necessary data (geometry, cross-section, material, internal forces) are transferred into the design module. The design

ZS ,‘\ééﬂ.ld o7 pt
1d,
B85 |
Steel Timber Concrete
Program | Steel bl Ruwugram [~ Only not
v Congider all design elements o
Design mel
Description Analysis
1:05 [Columns
* D5 |Beams

Launching a designing module

members are organized into the tree menu in the left part of the window.

B PN EC - FiN 305 - Stesl [E¥VRn EC dutaifin 1050 prapet e |

Fike Edi Masiingut Irgut Options Helg
| B

[H Progect
i Cokrne
1.7

standard
it

EN 1553/ Caech Rep

Cereral pramcl dald

Jobs narse ¢ X0 prajec
Cas : H.4 XK

Starddard BN 1SS0 1, BN 195 14 amch Rep.
Factoen for el sbucines

Secton capedity T = 100

Section wxmpdmﬂm:ﬂlr wi = 1,00

Por b wec b gt p T RL ]
Factoen for slasriens sizel

Sacton capedity DT = 1,30

’#mmmpmﬂm:mu ety = 1, K0

Per by bed wechon capan by s ey w 1,28
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Designing module for steel structures

We switch to the mode "Columns" "Check" and run the verification by the button "Analyse". The program shows
warnings, that parameters of buckling and lateral torsional buckling were not set and it is not possible to run analysis.

Analysis method: |Maximum utilization envelope x
Member check: no check ...
Add d Section !Cu:u:urdinates | Utilization no check ...
name | [m] [3a]
Edit Incomplete input. Add or adjust the data needed.
Calculation failed ...
Remove
[¥] Buckling length Z an sector no. 1 must be set
[¥] Length of buckling ¥ on sector no. 1 must be set
Printing

Button for running the analysis

We switch to the part "Buckling" of the tree menu. The parameters can be defined in the bottom frame. As the
parameters are constant for the whole length of the column, we will use only default length sector with analysis properties.
We will edit it by the button "Edit" in the toolbar on the left side of the bottom frame.

Buckling for calculation: | consider budkding in identical sectors -
o Add Q) c B Start End Length |Buckling Z (Buckling in d |Budking ¥ (Budkling in di
[m] [m] [m] Lefml | k[] Ler [m] k[

= h ¥ 1 0,000 2,350 2,350((no input:!l[nﬂ input]| (no input] (no input]
¥ Remove

The button for editing buckling properties

The window "Buckling sector edit" contains buckling parameters for directions z and y. The buttons "Buckling z" and
"Buckling y" has to be used for the input. "Buckling z" contains parameters for buckling in the direction perpendicular to
the axis z, "Buckling y" parameters for buckling perpendicular to the axis y.

Buckling sector edit >
Sector
Sector beginning : 0,000 | [m]
Sector end : 2,350 | [m]
Sector length : 2,350 | [m]

Buckling parameters

Buckling Z Lepz= (moinput) L=  (2,350)m k; = (noinput)

Budkling ¥ Leey = (noinput) L,= (23500 m ky = {noinput)

OK Cancel

The window "Buckling sector edit”

The buckling length has to be specified in the window "Buckling". To be on a safety side, we will select general end
conditions (the button with question marks at ends) and specify value 2.0 for buckling factors "ky" and "kz".
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Buckling Z (Buckling in direction of axis )

Buckling chedk
[~ Meglect bucking (bucking prevented)
[ Different sector length for budkling

Sector length for buckling Lo 2,350 | [m]

End conditions

e —A| | —F | —F | |F—2

Factor kz: 2,000 | [

Buckling length
Lz = sector length * factor k
Lgz = 4,700 m

Buckling curve

[T Edit curve a

: 0K Cancel

Properties of buckling length

Also shape of bending moment area and end conditions have to be specified for the analysis. We switch to the part "LT
buckling" of the tree menu. The parameters of lateral torsional buckling are organized into two tabs according to the
bending moments M, and M,.

Budkling for calculation: | consider budkling | [ Budkling separately for each Load

LT buckling My | T budding Mz

o Add O 3@| start | End | Length |Bucking | i S
: [m] | [m] [m] |lengthly
o Edit = T g
i 0,000 2,350 2,350|(noinpy
XK Remove End conditions for buckling:

k
Gener. sectors z

Tabs "LT buckling My" and "LT buckling M;"

The properties can be edited in the same way as buckling parameters. We specify identical properties for both directions.
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Lateral torsional buckling sector edit

Sector
Sector beginning :
Sector end :

Sector length :

Buckling effect

Buckling sector length:

Moment area

Moment area shape M.,

[ —
H
Parameters
End conditions kz:
m M
FaR Fa§

0,000 | [m]
2,350 | [m]
2,350 | [m]

[™ Do not consider budkling - beam is restrained =
[ Different buckling sector length o

2,350 | [m]

[}

-1,000

fixed-fixed "’I_

hinged-hinged i

] OK

Cancel

The window "LT buckling sector edit”

We switch back to the mode "Check" and run the analysis again. The results show that the member is OK.
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Results for column

The verification of beams follows. The buckling parameters will be specified in the same way as we did for column.
Difference is, that we will select pinned end conditions with buckling factors "ky" and "k;" equal to 1.0.

Buckling sector edit

Sector
Sector beginning : 0,000 | [m]
Sector end 4,000 | [m]
Sector length : 4;000_ [m]

Buckling parameters

BukingZ | Lorz=  4000m L=  (4,000)m k;=1,000 & 7.
Lery=  4000m L,= (4,000)m ky,=1,000 & 7

0K Cancel

Properties of buckling sector for beams

The parameters for lateral torsional buckling induced by the bending moment M, have to be also specified. The lateral
torsional buckling properties are shown in the figure below.
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Lateral torsional buckling sector edit

0.0

Sector
Sector beginning : 0,000 | [m] = e
=
Sector end : 4,000 | [m] -
Sector length : 4,000 | [m] \ r—’_/_/_/l
Buckling effect I
[™ Do not consider budkling - beam is restrained ,
[ Different buckling sector length ;
Buckling sector length: 4,000 | [m] I
Moment area :
Moment area shape M.,
6 = Y . 2
Load position zp: 1,000 [ :
Parameters
End conditions kz: I
i h fixed-fixed > E
End conditions in torsion k., / ;
. H I
m m fixed-fixed hl

oK Cancel

Properties of LT-buckling M,,

The analysis shows that beams have passed the verification.
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Results for beams

Both design groups are verified. We will close the design module by the button "OK" in the right bottom corner and go
back to the program "Fin 3D". The table in the mode "Design" shows the analysis results.
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Verified structure
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