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1 GENERAL DESCRIPTION

1.1INSTALLING THE SOFTWRE

In the followings we give those hardware and software requirements the ConSteel software
cannot be run without, or their lackay result in a slow operation:

Minimum hardware requirements:

» Processor: Intel Pentium IV or equivalent
» Memory: 2 GB

» HDD: 100MB

» Videocard: 128 MB norintegrated

» Operatingsystem: MS Windows 2000 / XP

Recommended hardware:

» Processor: Intel Core 2 Duo or equivalent
» Memory: 4GB
¢ Videocard: 512 MB norintegrated

You will need to have administrative or power user rights forittstallation. Without

administrative rights you cannot install the hard lock driver and those dll files, which are
indispensable for the system. You will have to set the language of setup. The ConSteel will

use this language for the first time you startittyou may switch to another language later.

During installation the instructions of the setup shall be followed step by step. The installing
program will copy the elements of the software into the Directory you have specified, then it

will positontheMeg/ dz 2 F G KS LINRPINI Y 2y G2 (ieBu EndllySOG SR
the install shield will place the startiigon onto the desktop. The last step of the setup is

the hard lock driver installation. This has no progress signal, so you will have tehiaitt

finishes.

1.2 THE MAIN WINDOW

The main window consists of six separate parts containing different functionalities. The
graphical window is the area for the 3D structural modeling; the menu contains some
important commands; the tabs lead the engar through the steps of structural design from

v
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left to right; the side bar contains functions of views and selections; the status bar makes the
drawing phases easy and the object and parameter tables at the right gives always
sophisticated information abdat the model making fast modifications possible.

1.2.1THESTARTUWINDOW

6.0 USER MANUAL

Q: What's the difference between mechanical engineers and civil engineers?

A: Mechanical engineers build weapons, civil engineers build targets.

After startingConSteel 5.0 theris a startup dialog window which allows creating and

opening models easily. The latest models can be opened without browsing folders. They are
sorted bythe last modification date as a default setting but it can also be sorted by name or
by model path.

ConSteel Startup =]

9 TEEL

Latest models:

Meodel name Last modified V| Path Description

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

Model 7

Model 8

Model 9

Model 10

2010.03.17.15:01:38
2010.03.17.15:01:28
2010.03.17.15:01:18
2010.03.17.15:01:06
2010.03.17. 15:00:52
2010.03.17.15:00:42
2010.03.17.15:00:31
2010.03.17. 15:00:20
2010.03.17. 15:00:08
2010.03.17. 14:58:39

Ch\ConSteelModels...
Ch\ConSteelModels...
Ch\ConSteelModels...
Ch\ConSteelModels...
Ch\ConSteelModels...
C:h\ConSteelModels...
Ch\ConSteelModels...
C\ConSteelModels...
Ch\ConSteelModels...
Ch\ConSteelModels...

m

The two big icons are for creating a new model and for opening model from folder.

1.2.2THE GRAPHICAL WINDOW

The structural model appears always in the graphical window. There are no other window
opening options; however there are lots of viewipgssibilities in this single window. The
graphical window helps the modeling by the global coordinate sys@@fand a moveable,
rotatable and size adjustable grid, which is the main area for drawing. The coordinate system

8
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at the left bottom corner denags always the unchangeab®CSthe origin of the user
coordinate systemC$takes place at the middle point of the grid which is always the plane
G- . ¢ @CBTha KlBwing moving possibilities should be used during the structural
model manipulation

» Move: by the middle mouse button or the arrow buttons on the keyboard

» Rotate: by theALFleft mouse button, the center of rotation is always adapting the
actual model view

(0p))
(D?
@]

» Scaling: by middle mouse button spiril KS ¢ b& addelRG Zya 2y GKS |
ALT+right mouse button

» Window scalng: window drawing by the left mouse button while pressing SHIFT+ALT

1.24 THE MENU

In ConSteel 5.the menu does not contain many commands since the main functionality is
placed to the structured tabs and side bars ahd applicability and modeling efficiency
does not really need function duplication. However five important function groups appear
here: theFILE handling, somd=DIT options (underedo), VIEW and diagnosticSOPTIONS
(connected with saving, updating and tarage setting) antieLp.

In FILE menu the Model attribute can be found. It is possible to edit the model description
and change the National Annex. These parametersbeaset when creating new model.

rModEI attribute [==2]
Model description Silo
Design standard EnFinnishna R4
[ concel | [ ox |

In OpTIONSmMenu thefollowing settings can be foundave, update, language, styles, and
diagnostics. If Autosave is clickidm program automatically performs a save periodically. If
backup is clicked ConSteel creates a backup file after manual save is perfoiradzhckup
model file can be used as a norhmaodel by removing the .bak extension.

WWW.CONSTEEHU
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Options
(=) Options
Aumsave: 5 = inminute
- Update
Language Backup
- Styles
i Diagnostics
Cancel

ConSteel looks for a new version in the web at every startup. It can be turned off and a check
can be performed by clicking on the Search Updates now de® language of the graphical
user interface is changedtef restarting the program.

Options
- Options Minimal sistance os structural elements { 1<Error <Warning <1000}
Save Error 2

Language Warning :

[ caneel |[ ox |

It is possible to set thiémit distance for the diagnostics. The error limit and the warning limit
can be also set.

The STANDARDSmMenu providesa greatopportunity to viewexisting and tocreate new
standard parameters in agasy way.

10
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T —— =] B
=-EN1990 Eurocode 0: Basis of structural design -
i Table A 1.1 - Combination factors M
-Table A 1.2(8) - Safety factors R
-Table A 1.3 - Acddental and seismic combinations . — Aciontyps [ O s T 2
[=)-EN1991 Eurocode 1: Actions on structures Imposed loads in buildings, category (see EN1991-1-1)
E- P:art 1-4: General actions — Wind actions Category A: areas in residential buildings 0,70 0,50 0,30
i 4.2(1) - Basic wind velodty 070 050 030
-4,2(2) - Directional factor e Category B: office areas . . .
-4,3.2(1) - Terrain category Category C: congregation areas 0,70 0,70 0,60
#3.3(1) - Ortography factor Category D: shopping areas 0,70 0,70 0,60
-4,4(1) - Turbulence factor
-4,5(1) - Air density Category E: storage areas 1,00 0,90 0,80
-Other Category F: traffic area, vehicle weight < 30 kN 0,70 0,70 0,60
- 7.1 Recommended values of external pressure coeffid N N
< 0,70 0,50 0,30
7.2, External pressure cosfficients for flat roofs L Category G: traffic area, 30 kN < vehicle weight < 160kN , , .
- 7.3.a External pressure coeffidents for monopitch roof: Category H: roofs 0,00 0,00 0,00
-7.3.b External pressure coeffidents for monopitch roof Snow loads on buildings (see EN1991-1-3) 0,50 0,20 0,00
- 7.4.a External pressure coefficents for duopitch roofs N . 0,60 0.20 0.00
i 7.4.b, External pressure coefficents for duopitch roofs Wind loads on buildings (see EN 1991-1-4) : . :
[=)-EN1993 Eurocode 3: Design of steel structures Temperature fire) in buildings (see EN 1991-1-5) 0,60 0,50 0,00
H ERREE U 5 S P 0 Sy g wapey
4 T ] 3
Create or delete user defined standard parameters
Com] 5

The first tab shows the applied NA which is stored in the mdél@l.user defined National
Annex is created it will be saved to the Docum&@tsnSteel folder as Standard.xml.

1.24 THE TABS

The tabs contain systematically all the activeodel creating and forming functions in a
chronological order of the normal way of developing a structural model. Every icon
representing certain functionality has a tooltijpyhich appear when the mouss i

approaching the icog with the name of the function on it. THBEOMETRYtab holds all
important CAD drawing and modifying functions, dimensioning and measuring. On the
STRUCTURAL MEMBERED the functions connected with crosections; structural

columrs, beams, slabs and walls; supports and connections are collected. All types of loading
including load cases, load groups, load combinations and unique loads placed on the
structure can be created on tHeoAaDstab. TheFINITE ELEMENTtab contains functions
connected with finite element mesh generation and modification, and a model check option
indicating the possible modeling mistakes. On AsaLYsistab the structural analysis types
can be set and executed, the results can be viewed and labeled in véoious The

STANDARD RESISTANCHERb contains the design options, and result viewing possibilities.
The functions on th®oCcUMENTATIONab allow of the creation of the flexible and detailed
statical documentation, and contain a model information tool.

11
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1.25THE SIDE BAR

The side bar contains the functions of coordinate system settings, model viewing and
selection options. There are many options for moving tf&Sand accordingly the grid,
adjusting the range and partition of the grid. Beyond the usual me@s¥s (top view, front
view, side view, perspective view, fit view) there are four visualizing options for the objects
used (structural members, supports, loads etc.) making the modeling more clear and
unambiguous.

1.26 THE STATUS BAR

On the status bathe coordinates during drawing actions can be set manually by pressing

0KS T LIINRPLINAFGS €tSGGSNI oG- 3= |, = %E F2N 022 NRA
coordinates can be set as global, local, absolute or relative values. The slide makes the

refined sizing of the different objects possible by moving or clicking on it with the right

mouse button. The sophisticated visibility options can be applied to graphic symbols,

coordinate systems, object names and labels setting the validation for afkbiseor only for

the current tab. A wide range of possibility exists for the definition of drawing action points

and snap points.

1.2.7 THE OBJECT AND PARAKE TABLES

In the upper table all the created or used objects (materials, sections, loads members
supports etc.) appear in a structured arrangement. Multiple selections of objects are
possible in this tree. In the lower table all the selected objects (anebbjdrt) appear, and
after expanding one object, all the parameters of it can be seen, ardifi@d if possible. In
case of multiple objects selection only the identical parameters appear, however the
different ones can also be changed to identical.

1.3 GENERAL STRUCTURE @RALOGUE WINDOWS

12
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Several dialogue windowgsespecially the most importdrones on theSTRUCTURAL
MEMBERSsandLoOADsStabs¢ show same structure in order to make easy the orientation in
the labyrinth of tools and functions. The usual parts of these dialogues are described below:

Line load

1 ¢ the method ofplacement (assign to element or draw)

2 ¢ information extraction from object has been placed earlier. All the parameters are
set to the same as for the selected object

3 ¢ coordinate systems in which the object is considered

4 ¢ auxiliary drawing functions if #aplacement is by drawing

5 ¢ the main parameters of the object

6 ¢ this field gives always information about the next required step of the placement

Every icon on the dialogues representing certain functionality has a tepltipich appear
when the mouse iapproaching the icog with the name of the function on it.

1.4 GENERAL FUNCTIONS FORABLES

Basically there are two types of tablesGonSteelthe input tables and the output tables.
Since tables are usually used for working with large amount of 8ata,table types have
special features making the data managing more comfortable. Input tables (used in the

13
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LOAD COMBINATION®INdANALYSIS PARAMETER&alogues) have the following common
features:

» clicking on the heading cells the whole column belowvélkselected

» if the there is checking option in the table cells multiple checking is possible for the
selected cells clicking on the right mouse button

» if the there is value entry option in the table cells multiple value entry is possible for
the selected ells clicking on the right mouse button and defining the common value

Output tables (used on thANALYSISand STANDARD RESISTANCEbsand in the
DOMINANT VALUERNdMODEL INFORMATIONIialogues) have the following common
features:

» the rows of the table cabe ordered according to a column (increasing, decreasing
or ABC order) clicking to its heading cell

» the actual table can be saved to file for Excell

» the actual table can be saved for the own documentation which can be inserted into
the final report in thedocumentation module (Chapter 9)

14

WWW.CONSTEEHU



\’ TEEL 6.0 USER MANUAL

1.5 HOT KEYS

The hot keys can significantly speed up the modeling workolmSteethe following hot
keys can be used:

» CTRL+N: new model

» CTRL+O: open model

» CTRL+S: save model

» CTRL+Z: undo last action

» CTRL+Y:redo

» CTRL+Aselect all

» CTRL+inverse selection

» CTRL+Iswitch to XY view

» CTRL+Xwitch to XZ view

» CTRL+3witch to YZ view

» CTRL+4switch to XYZ view

» ESC: unselect all or terminate (or abort) the last action
¢ Delete delete selected objects

» F1 open Help sgtem

» X: manual definition of X coordinatealue

> Y: manual definition of Y coordinatealue

» Z: manual definition of Z coordinatealue

» a: manual definition of alpha polar coordinatealue

» b: manual definition of beta polar coordinatealue

» L: manualdefinition of length from the previous point in a defined direction
» R switch between the global and last defined user coordinate system
» Middle mouse button move model

» ALT+left mouse buttonrotate model

15

WWW.CONSTEEHU



\’ TEEL 6.0 USER MANUAL

¢ ALT+right mouse button: sizing model

» H: move modelup

» QY Y20S Y2RSt R26Y
» MY Y20S Y2RSt NARIKID
» HY Y20S Y2RSt ST
» middle mouse button scale model

» + scale up model

» -:scale down model

» SHIFT+left mouse button: unselect

» SHIFT+ALT+left mouse button: window scale

16
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2 FILE HANDLING

2.1 BAsICS

The file handlingn ConSteefollows the same usual and simple way of the MS Windows
standard. The saved files contains all information about the model, it can be relocated to
other folder and opened. Normally the .csm file extension is associated witBdh&teel
thesefiles can be opened by double click.

2.2 FILE TYPES

The following file types are handled GonSteel

.csm the ConSteelModel file, owminaryfile type. It can be opened with or without results.
The result file is saved to a separate file with (€ynSteelResult) extension, but this file
cannot be opened solelDpen and save.

.csm~: the ConSteelModel file created by autosave functionality. AutoSave settings can be
edited in theOPTIONSmMenNu.

.csm.bak the ConSteelModel backup file. Backup save settings can be edited in the
OpTIONSmMenu. Backup file is created at every manual save and stores the previous saved
version of the model. If necessary .bak extension can be deleted and backup model used as a
normal model.

xml: general set up own file, transparently structured and manually modifiable. The file is
functionally identical to the ConSteelModel and ConSteelResults files. Open and save.

.anf: StruCadext file type. Only open.

.cd: OldConSteeVerson binary file type (Consteel 2.x, 3.x). Only open.
.asc Tekla Structures ASCII file. Only open

.dxf: AutoCadext file type. Open and save.

.scl BoCadext file type. Open and save.

.snf: StruCadext file type. Open and save.
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2.3 COMPLETE MODEL EXIRT INTOSTRUCAD

A special interface option has been developed in order to maké&thaCacdexport
functionality complete. Using this unique feature not only the wireframe of the structural
model can be exported t8truCadut all the created joints. Momver if a joint is placed to
the structural model, the export process identifies these joints and the model will appear
with their completely developed and detailed connectionstruCad

To use this highly developed complete model export functionGbaSteeStruCadnterface
module must be purchased which is not part of the complétaStegbackage because it
also containsStruCadiles.

To export the complete model intStruCag follow the steps below. First click on tReLE

menu and selecBAVE As option. Add the name of the model but be sure that the name is
not longer than 8 characters and does not contain spaces oralish alphabet letters (for
example letters with accent). Select the SNF file as a file type and click S8avidutton. If
there are joints in the model in the next dialog the joints to export can be selected. When
there are placed joints on the model these are automatically selected. When only the joints
are exported then you can choose the destination folder. The nextistde Connection
Export. A special dialogue window appears for every joint type where the following settings
can be made: name of the exported joint macro file; other joint parameters which are
needed for theStruCadoint macro but not necessary for theint calculation incsJoint

These parameters can be different for each connection if you click o8akie SETTINGS

FOR SELECTED CONNEIONS. Then the parameters will be saved ONLY for the selected
connection. The other option is tfBAVE SETTINGS FORLA CONNECTIONBuUtton; in this

case the parameters will be the same for all the connections in the list.

18
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Connection export

Names of exported macra files

Parameters of selected connections

Hame of parameter Value

Type of bolt orras x|
Type of structure Painted ==

Galvanizing hole Ho

Size of galvanizing hole 0 ol

Save settings for selected connections

Sawe: settings for all connections

The name of th&truCadnacro file can also be changed but bear in mind the following
naming conventions:

» The name of the exported joint macro fikas a prefix (for example c§bThis prefix calls
the relevant macro irstruCadDo not change or delete this prefix! (If you do so a
warning appears on the screen.)

» The number next to the prefix can be changed but must be 6 charactersriarignum.
Thissuffix should contain only numbers!

» Make sure not to use a macro file name more than once in a model. Each macro name
should be unique.

After the export the files should be sent to the detailer or you can use them in your own
computer.

In order to immrt the model click on theledicatedConSteeicon inStruCadbr use the
cdMPORTcommand.

If not the complete model need to be exported but the joints then the exported macro files
must be copied into the relevaiBtruCady 2 R Sriaciaider. Afterwardshese joints will
appear among the Local Macro endtypes.

19
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2.4 COMPLETE MODEL EXPORNTO TEKLA STRUCTURES

The smooth and quick transition from the structural model to the detailing model can save
significant time and cost, therefore ti@onSteehas ahigh level interface module to
the Tekla StructuresBesides the export of the global structural mo¢@lel beams, columns,
slabs, walls)all the joint models appear iG@onSteelhave the correspondingeklia
component so the designed structural model with the placed joint models can be converted
in one piece easily into detailing model without additiomabdelling efforts on the joints.
This unique interface can save significant detailing time and therefore apgmedgably
reduce the project costs.

$ TEEL  *¥N° TEKLA Structures

ConSteel uses Tekla Open API (Application Programming Intedsteknown as the .NET
APl provides an interface for third party applications to interact with model in Tekla
Structures. Therefore both applications netdhave installed in order to export model from
ConSteel to Tekla Structures.

ConSteel export to Tekla Structures can be used from version 14 onward.

To export a model from ConSteel it is important to run both program at the same time and
to have a modeopened in Tekla Structures. Then click onshee menu and seledEXPORT

then select Tekla Structures. A dialog window opens asking for selecting model parts to be
exported. Bear in mind that only those joints will be exported which are placed in tlakelmo
and selected before exporting. The next step is to select a reference point and click on the
export button.

After selecting the reference point in Tekla tBection export manager window appears. It is
possible to change the conversion fita gradesand for sectionspr edit the section name
and grademanually.

20
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Path of the section conversion file
C:\sharedAll\ConSteel 5.0 Beta 2010-03-24_TEKLA\Data\Export\SecnameConvTekl @

Path of the grade conversion file
C:\SharedAll\ConSteel 5.0 Beta 2010-03-23_TEKLA\Data\Export\MatnameConyTekl @

Please select the appropriate section

Export name Material New name
RHS 80:50:4 5235JRG2 RHS00*50%4
IPE 200 5235JRG2 IPE200

SHS 90x4 5235JRG2 SHE80%4
UPM 80 5235JRG2 UNPED
UPM 180 5235JRG2 UNPLED

fi20 5235JRG2

5HS5 403 5235JRG2

H o ]

If manual changes have been made then the list can be saved and can be used as a
conversion file in future exports. After clicking OK thedel will be exported.

2.4.1OINT EXPORT LIMTTONS

Base Plate (1042)

» No haunch can be exported

» Anchor rodtype must be set manually in Tekla (ConSteel settings has no efféhton
export)

» Anchor rod properties which have effect on the export are the followings: diameter,
grade

21
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» Foundation will not b exported
» Upper and lower flange weld thickness would be the same in Tekla fddtksient
ConSteel settings has no effect thre export)

Haunch (40)

» Upper and lowehaunchdimensions are the same (upper haunch dimensions come from
the lower)

» No shearstiffeners are exported into Tekla only supplementery web plate

» Flange stiffeners are not exported into Tekla

Apex haunch (106)

» No upperhaunch

Stiffened end plate (27)

» There is no web stiffeneplate in Tekla

22
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3 MODEL VIEW

3.1 BAsSICS

The transparent ad multipurpose model views are very important to the engineer, since
these views provide the first graphical model survey opportunity. Accordingly the first and
most important objective of the model views is to feedback the user about the objects
placed,yield a visual proof that the right objects are on the right place.

3.2 MODEL VIEWS

The model viewing options can be found on the left side bar. Beyond the usual model views
(top view, front view, side view, perspective view, fit view) there are fowalizing options
for the objects used:

> line view: the simplest model view, the bars are represented by a single line, the
surfaces by a twalimensional figure without thickness, the supports are line types.
Recommended to use in the model building phasiesge the clear visualization of the
member snap points making the placement of supports and loads easier.

» wireframe view. on the line view the lines of the cross sections and plate thickness
appear, the supports are line types.
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» hidden line view the cross section and plate thickness appear in a solid form without
shading and sparkling effects, the supports are solid types.

» solid view. the cross section and plate thickness appear in a solid form with shading and
sparkling effects, the supports are solid types.

If the full model tends to be more complicated and parts of the model are in focus the
Submodel view should be applied. Fbiption shows only the selected parts of the model in
every stage (modeling, finite element model, analysis and design results).

3.3 SELECTION

Objects can be selected on the graphical window, in the object tree, or by the additional
selection options. Aa general rule only the visible objects can be selected graphically,
accordingly the same action can result in different selection on different tabs or model views
(e.g. clicking on a member line with line load on it both the member and the load will be
selected, but if the load visibility is set off, only the member will be selected). Every graphical
select modes change to unselect by pressing3kH F T button during the operation. The

E SCbutton always unselects all objects.

The basic selection modesdatheir operation are the followings:
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¢ simple graphical selectiorclick on the object on the graphical window by the left mouse
button. All the objects are selected whose graphical symbol intersects the imaginary line
set up perpendicular to the viewingaimera) plane at the clicking point. It means that
the selection depends on the size of the graphical symbol of the objects and note that
the hiding objects can be selected as well!

» window selection holding down the left button and moving the mouse wikate the
window. It is completed when the mouse button is released. The actual size of the
window is continually seen on the screen. In case first thehlaftd topcorner is given,
then only those members are selected that are within the window with théirsize
(inclusion window selection). But if the righaind corner is placed down first then every
member is selected no matter with how little part is found in the rectangle (section and
inclusion window selection).

¢ selection by propertythis option @n be reached on the left side bar or by right mouse
button click on the graphical window. The selection can be made by choosing the desired
object and further narrowing is possible by sorting the appropriate parameters out.

Theadditional generalizeddection options(select all, unselect all, inverse selectiocah be
found on the left side bar or they can be reached by right mouse button click on the
graphical window.

3.2.1 PARTIALMODELMANAGEMENT

Partial model management is a great tool to manage different but related parts of the
= model ie. floors, columns, bracings, beams, etc. This function can be used by clicking
= the dedicated icon (#1) among the vertical icons onléfeside of the screen.

—. New portions can be added by clicking tdew PoORTIONicon. Before do so, select
ey parts which will belong to the portion. Portions candreangedinto folders. To turn
on portions, place a thick into the box next to theme of theportion. More portionscan be
turned on at the same timelf the option at the bottom of the window is clicked théme
hidden parts of the model is also shown but those parts a translucent.

To modify a previously defined model portion first select the parts in the model¢hekion
model portion icon, select the model portion by clicking the name of it and l@kIFY.
Renaming thenodel portion is als@an be done by clicking the name of the portion and click
ONnRENAME
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I e

=[] aw Portions
=[] w Floors

L= st
LI 2nd
Ll 3th
f=l 4th
=l 5th

= Columns

] Bracing

Mew Folder

Mew Paortion

Modify

|
|
]
Delete |
]

Show hidden parts of the structure translucently

=)

3.4 OBJECT NAMES AND LABE

Names andabels are used for the better model transparency and documentation. There are
two possible sources for names and labels: an automatic allocation for certain objects and
manual definition. The automatic names can be set on the bottom status bar, thegfyden

the structural objects. The following name options are available:

» numbering of finite element points; point numbering irthe automatically generated
finite elementmesh

26
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Pk names of structural element these are generated unique names for each strudtura
element objects (beam, column, plate, wall) consisting of a prefix and a number (for

AyaidlyoSYy dawmé F2NI I 6FN StEtSYSyidoo ¢KSas vyl

side table. The names can be modified by RENUMBER MEMBER®OI on the
STRUCTURAL MEMBER®b. Using this function a specific prefix and a start number can
be defined, and a direction can be set in which the renumbering is made. On the finite
element view these names denote the numbering of the finite elements of the members.

» names of structural supportsreleases and linkg these names show the type of the
LI F OSR adzllll2 NIz NBfSFaS 2N fAy] 202S004
» names of jointsg these names show the user defined names of a placed joint (for
Ayaill yar®v2a dSy nmé 0

The automatic labels can be also set on the bottom status bar, they denote some important
parameters of the placed structural objects. The following label options are available:

» material ¢ the used material name of structural members foyy A G Yy OSY da{ Hopé ¥

> shapeq the name of the used crossections of structural bar members (for instance:
al 9! HAané€v

¢ thicknessq the thickness of the used structural plates or walls

» load intensity

» units ¢ the units of load and thickness if set (for instande]l b ¢ 2 NJ aY Y€ 0
P initial crookedness; the value of the initial crookedness on structural bar members
» coordinate systeny the names of the local coordinate axes (X,Y,Z)

Additionally arbitrary text can be assigned to structural elements manually on the
DIMENSIONINGdialogue using the last tool.

3.5 DIMENSIONS

For the documentation of the calculated structural model it is very important to be aware of
the exact dimensions of the model. The dimensioning tool can be found at the end of the
GEOMETRWYtab, it allows a great number of different dimensioning options.

» projection dimension of a line

B projection dimension of two points
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¢ lengthwise dimension of a line

¢ lengthwise dimension of two points
» diameter or radius of a circle

» angle of two lines

> heightdimension

Theplacement consists of two general steps: selecting the object to be dimensioned and
determine the place of the dimension sign.

28
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4 DRAWING GEOMETRY

4.1 BASICS

The first step of the modelling phase is the geometry drawing of the structure. In ConSteel
all the geometrical objects can be easily created and modified in a 3D space. Among the
basic CAD drawing, modifying and moving functionality advanced snap optaiesthe
modelling efficientAll the CADfunctionalityis placed on theGEOMETRYtab, the further
viewing, selection and snap options are on the side and statusildaitionally all the

relevant drawing functions are placed on the dialogues of strucmeahbers, supports and
loads.

4.2 COORDINATE SYSTEMS

For the appropriate modelling andterpretation of the analysis and design results it is of
high importance to be aware of the applied coordinate systems. This section summarizes in
detail all the coadinate systems used in the ConSteel 4.0.

Two different type coordinate systems can be used: the

rectangular Descartes system (XYZ) and the polar system

@h 0 Ly (KSaéLIRISYRIGTEHEE GEKS & y3It €
0KS IEAE OENGAIOYR XS yS RSTAYSR
YR (K¢ LRSYAESE& (KS Fy3aftS o6Si
fAYS 2F OGKIFIG LXFYS FYyR 0KS 0221
fAYS FTNRBY GKS 2NAIAY (2 GKS L2
distance from the origin. The polar coordinatestem is

less frequently used so the rest of this section describes the

Descartes system.

As a general convention all the Descartes coordinate systems (axes
directions and rotation signs) follow the most commonly applied right
hand rule. Thisule is valid for the definition of geometry and loads as
well. The positive moments and rotations are defined as counter

x  Clockwise about the axis if it is viewed in front (towards the origin) in
both the global and local system.

In the further text thefollowing denotations are used:
29
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In case of global geometry (3D structural modelling):

» X, Y,Z: global coordinate system
* X, YV, z: local coordinate system

In case of cross sections (2D modelling of
sections):

» Vv, w: section edit coordinate system

» Y, Z: sectio edit coordinate system
with its origin in the centre of gravity
of the section

» Y, z: section principal coordinate
system

4.2.1USER COORDINATE SMSTE

The user coordinate system (UCS) is used for making the modelling easier and fast. The UCS
is aspecially positioned Descartes system (XYZ), the creation tools can be reached by the
topmost button on the side bar, and it can be switched on (or switch back to the global
system) at the bottom status bar.

Change coordinate system

By iz ¢ & XY ZE =

Farameters
Origin # III il N III il £ III i
Grid # il N il Size i
Step * YT bl YT

Set arigin of coordinate zuzteml

The following creation options are available( left to right):

» Switch to global system
» Set new origin for the UCS
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plane with origin placed into therst node of this plane
» { S GKS RANBOGAZY 2F GKS [EAE 6&- ¢
» { Si GKS RANBOGAZ2Y 2F GKS | EAA 4, ¢
» { Si GKS RANBOGAZ2Y 2F GKS | EAa a&¥é
> Reverse the direction of the selected axis

4.2.2LOCAL COORDINATE &¥BS0OF BAR ELEMENTS

6.0 USER MANUAL

{SG GKS !/ { o0& o LRAyldlay GKS 2NAIAYZ
Set the standing of the UCS identical to the local coordinate system of the selected

{SG GKS LIXIFyS a-,¢ 2F GKS !/ { G2 ARSY(AO!
{SG GKS LXIyS a-.,¢ 2F GKS '/ { G2 ARSYydAOl
{Si GKS LI YyS820ARSYZFROIKS LRAJAGAZ2Y

The reference line of bar membersdeid G KS | EA& GE¢ 2F GKS f 201 f
RANBOGAZ2Y 2F (KS | Bandend® doddahtheTefetboy iné. & G KS &
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In the basic case the local coordinate system of a bar

can be determined considering its reference line

GGEEV ARSYGAOIt G2 GKS 3Af206l
RANBOGAZ2Y 2F 201t FESa aé¢
3f 26l f | ES& &, ¢ ofthf ®Rosxx 126 & ¢ K &
section on the bar is the following: the reference line

goes through its centre of gravity, and the section

G, ¢ aeaiasSy O2AyOARSa gAGK
the bar.

In case of a generally positioned beamember (not
column with vertical reference line) the plane
RSTFAYSR o6& GKS t201ft aET ¢
L2aAdA2y yR GKS EA& alé LI
G%¢ RANBOGAZ2YDd C2NJ oSIY y
l EA&E GEE A& lftglea GKS GFy3as
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z z In case of vertical reference line (column
KI JI YSYoOSNBRO GKS 20Kt | EAA
y y 3ANJ§(?QA2y I a uKS 3t 20l ¢
Q“)y /(4 RANBOUAZ2Y 2F U0UKS f20Fft |
z . the placement of the column (position of
)<4 v N % the start and end points).
Y X

The interpretationand signs of the inner forces on a member is defined by its local
coordinate system and the mentioned general sign convention as described in the following
figure:

4.2.3LOCAL COORDINATE E¥S80OF SURFACE ELEVEN

Fora dzNF I OS St SySyia GkKS 20t LIXIlIyS aEeé&é Aa R
LISNLISYRAOdzE F NJ 62 dGKIG LXFYS FYyR LRAydGa G261 N
LX yS GE@&@é A& LI NI ffSt {2 helokabcodddinatdsystemisit I yS &
identical to the global one. For arbitrary situated surface element the following two rules is

F LI ASR (2 (GKS f20Ff aEéé¢ aeaidsSvyy

Az » (KS FEA& GEé Aa LI NI tfSt
3f 20 f dnd theé plan# of tfieSurface, and it

Z 7 7 ~ 7 ~ 7 s A

Y L2AylUa 02¢l NRa UKS LR2aAuAgds

LISNLISY RAOdzf F NJ 62 GKS a-¢é GKI
» KS EAE aéé LRAyGa G261 N
direction
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In case of surface elements the local coordinate system eandwified using the tools
presented in Section 4.2.1.

Y ) i Dearworld. doc - Microsoft Word
o’ inle Edit Wiew Inset Fomat Tool: Table Window Help

DEEE SR =@ »- el -@2

' | Looks like you're committing suicide!

j12-5

Office Assistant can help you write
your suicide note, First, tell us how
you plan to kill yourself,

@ Pills @ Jump @ Pastry

® Tips ® Options ® Close

Dear World,

T just cant take it anymore! I've decided |

4

wle]m]s

|=1<l=] =]« (12000 David Deckert, dad-filk@visar.com. Fael free to redistribute. | v

| Page 1 Sec 1 11 (A1 3 Col43 [Rec [ [0 vk [Engishius 1D

4.3 DEFINING ACTION POINT

: . : ® | . :
Action points can be set by moving the cursor on iIICOI’l on right side of the bottom
status bar. There are different types of snaps; the most used ones are turned on by default.

The action points (snap points) are the following:
» Endpoint Subsequent point selections will snap to nearest end of lirzaor

» Dividing pointsSubsequent point selections will snap to the dividing points of
selected item

P Intersection pointSubsequent point selections will snap to the nearest point of
intersection of entities.
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¢ Parallel:The Parallel snap helps you to drawglbel lines and bars to other lines or
bars

» Nearest element poinSubsequent point selections will snap to the nearest element
point.

» LengtheningThe Lengthening action point helps you to snap to a point which is not
on a line but it is on the lengthemég

» Point Subsequent point selections will snap to the nearest point.

¢ Raster gridSubsequent point selections will snap to the nearest raster grid point.
» Tangent:Snaps to the tangent of an arc or circle.

» PerpendicularSubsequent point selections wsthap to be perpendicular to entity

¢ Center pointSubsequent point selections will snap to the centre of an arc or circle

At the bottom right corner of the status bar additional functions can be found in order to

help editing and construction of the modél.special line snap can be activated which

visualizes snap points on lines (reference line of bar members, line loads, line supports or
edge line of surface members, surface loads, surface supports) by red rectangles. These snap
points appear only if thenouse approaches the line, and fade away three seconds after stop

of movements around the line.

no 4 Step 250
—

geé L

Ly GKS FANRG odzidz2y o0ayézZézé 2N aRé0 GKS
R S

LI NG A 6ay£€0z LISNOSyld 2F fSyaldK 02602 |y
starts at the line end first approached by the mouse.

Step is used the Lengtheningsnap is turned on. In this case the length of temgthenings
increased by the added value.

4.4 DRAWING

Draw line

Lines can be used for construction purposes or can be selected as a bar's axis.
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QISimple line drawing. First selecttistart point. Then select the end point.

EContinuous line drawing. First select the start point. Then select the next point. Press
Esc to interrupt line drawing.

Draw rectangle

Rectangles can be used for construction purposes.

L

= Draw rectangle. Select ¢hcorner point. Select the opposite corner.

<

= Draw leaning rectangle. Select the corner point. Select end point of the side of the
rectangle. Select third point of the rectangle.

Draw Circle

Circles can be used for construction purposes.

I/--.\I
El Draw circle by radius. Select the center of the circle. Select the radius of the circle.

N

Draw circle by diameter. Select the start point. Select the end point.

L
| |

== Draw circle by 3 points. Select first point. Select second point. Select third point.

DrawArc

Arcs can be used for construction purposes.

e
Draw arc by center point, start point and angle. Select the center of the arc. Select the
start point of the arc. Select the angel of the arc or type it to the dialog window

l’
Draw arc by 3 points. Selettd start point. Select the end point. Select a point in the
arc.

lj
Draw arc by start point, end point and tangent. Select the start point. Select the end
point. Select the other point of the tangent.

Draw two-dimensional figure
Two-dimensional figures calbe used for construction purposes.
35
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@ Draw two-dimensional figure. Select the corner point of the figure. Select the opposite
corner point of the figure.

= Draw hole. Select the surface. Set one corner point of the rectangle. Set the opposite
corner point d the rectangle.

L
j Select the surface. Select the start point. Set the direction with the second point.

L .
;The type of the rectangle can be selected: rectangle or leaning rectangle.

;I The type of the twedimensional circle can be selected: draw circle by radius, by
diameter, or circle by 3 points.

@ Draw polygon. Set the first point. Set the next point. To close the polygon press right
click on the mouse.

4.5 MODIFYING

Move pointand edge Select the poinand (or) edge¢o be moved. Set the new position
of the point(edge)

Stretch. Select the line to which connected lines will be stretched! Set base point of
stretch. Set the end point of stretch.

== Sizing of the selected objecSelect objects to scale. Set the scaling center. Set the
scaling reference point. Set the scaling multiplier.

A
|
HCurve selected line element. Select the edge for bend. Set the insert point.

P

Refract the selected line element. Select the edge to refrattl® insert point.

Divide selected object by section point. Select objects to chop.

L[

Cut the selected element by cutting edge. Select cut edge. Select the part to chop.
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_| Adjust the selected element to the limit line. Select limit lines. Select bjecbto
adjust.

L s
Ll Cut the proper part of the selected element. Select the edge for the segment cut. Set
start point of the segment to chop. Set the end point of the segment to chop.

1' Chamfer of the two selected line element. Select any point from the first straight line.

Select any point from the second straight line.

ll Rounding of the edges of the section of two line element. Select any point from the first
straight line. Select anyoint from the second straight line. The radius of the fillet can be set.
AD
Z_JIMove selected objects. The selected objects can be moved or copied. The number of
copies can be set. If the Join points box is checked then the end points of the copied objects
will be connected. Select the objects for moving. Set base point of moving. Set end point of

moving.

E“_E'I Mirror selected objects. Select objects to be mirrored. Then define the rimerby
pointing to two points on it. Copies of the selected objects wilii@ele symmetrically across
the mirror-line.

reference point of rotation. Set the direction point or type in the rotation angle and click on
Apply.

_l Divide selectd objects. Lines and bars can be divided into equal or unequal parts. If To
equal parts is selected then the number of the number of the segments or the length of the
segments can be set.

4.6 MOVING

,»"BI'_‘.

D’_IMove selected objects. The selected objects can bead@r copied. The number of
copies can be set. If the Join points box is checked then the end points of the copied objects
will be connected. Select the objects for moving. Set base point of moving. Set end point of
moving.
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E“_E'I Mirror selected objects. Seleobjects to be mirrored. Then define the mirrbne by
pointing to two points on it. Copies of the selected objects will be made symmetrically across
the mirror-line.

reference point of rotation. Set the direction point or type in the rotation angle and click on
Apply.

A

_I Divide selected objects. Lines and bars can be divided into equal or unequal parts. If To
equal parts is selected then the number of the numbgthe segments or the length of the
segments can be set.

4.7 LAYERS

D_IThe layers dialog window can be used to the following:
» Create new layers
» Copy layers
» Delete layers
» Edit properties of existing layers (i.e. color, line style, thickness and transparency)
» Turn the visibility of layers on and off
» Freeze layers from activity whilst keeping them visible

» Turn on and off own style. If own style turned OFF then all the ab@atthe layer
use the selected color, line style, thickness etc. If it is turned ON (default setting) then
all the objects use the global style.

All CAD systems have a layer concept of some sort. Objects are placed on appropriate layers
as a convenient ay of managing the information within the model database. You determine
what layers you are going to use, and it is recommended that layers are used wherever
possible. For example it is useful to be able to isolate bars, slabs onto separate layers for
floors, columns, side bracing, roof bracing, etc.
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If you click on the Styles icon you can set the representation of the model. The styles (colour,
line style, thickness, transparency) of the lines, layers, steel, etc can be set.
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5 Structural modelling

5.1 BAsICS

In ConSteel 5.@reat emphasis is taken on the user friendly structural modelling in which the
engineer can build the structural model using real structural elements. Accordinghséne
model built by the engineer using whole sttucal members (haunched beams, tapered
columns, tension braces, slabs etc.), is completely separated fromwathelation model

which is an automatically generated sophisticated finite element model used by the
structural analysis and design. It followsat the engineer does not need to deal with the
calculation model; he/she can concentrate solely on the direct productive labour building
the real structural model.

IT SHOULD BE KEPMIND THAT THE ENGERESHOULD BE AWARE BE FEATURES
POSSIBILES AND LIMITATIONS THE APPLIED ANASYSODEL ALREADYTAE MODELLING
STAGE BECAUSE THEUMDERSTANDING OE MDDELLING OPPORIMUES CAN LEAD TO
UNEXPECTED ANALXSIS DESIGN RESULTS

All the functionality connecting with the structural modelling are placed on the
STRUCTURAL MEMBER®b. Due to the high importance and wide range of modelling
possibilities the functions of the crosgctions and joints are collected in separate modules
CSSECTION(Chapter 10) andsJoINT (Chapter 11)

5.2 LINE MEMBERS

5.2.1COREATING LINE MEMBERS

In the ConSteel 5.@ersion only line members with steel thimalled crosssection can be
modelled. The membersdepending on the placememtcan be columns doeams. The
column is a special position line member, which is always vertical, so the placement is
simpler, because only the height should be defined. The line member defining dialogue
allows the following modelling options:

1 Global geometry: drawing theeference line of the member or select an existing line
for reference line
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2 Receiving member parameters from other members, and assigning those to the one
to be created
3 Line drawing options
4 Defining member parameters
» Section before creating a beam or colummember crossections should be

loaded, and the appropriate section can be selected from the combo
including the loaded sections. If no section has been loaded in advance the
SecTIoNdialogue can be called by pressing the button next to the combo.

» Direction of sectionthe position of the section can be normal and mirrored
(causes difference only in case of unsymmetrical sections).

» Eccentricitymember eccentricity can be defined in the local coordinate
aeaisSy o6aezli 0 2F (GKS YSYOSNE YR GKS
O22NRAYI GS GEEéT (GKS aiady 02y @SyiArzy ¥F2
4.2 COORDINATE SYSTEMS

IT SHOULDEBNOTED THAT NOT ®NHE ECCENTRIC IAR@RCE PRODUCEBUBRNCE IN THE
ANALYSIGDDITIONAL BENDIN®MENTSBUT THE ECCENTRINIBEG AND TORSIONAL
MOMENTSADDITIONAL BENDINGDATORSIONAL MOMEMRD BIMOMENT
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¢ Releasepredefined release types can be assigned to the ends of the
members. If new release type is needed ReLEASEdialogue can be called
by pressing the button next to the combo.

» Initial crookednesshalf-sine wave shaped initial crookedness can be defined
Ay GKS Gg2 €201t RANBOGAZ2Y LISNLISYRA Odz
with the given amplitude at the mitength

» Element typetwo choices are possibleeamcolumn with warpingand
tension bay these types influence the finite element type to beed in the
analysis. Theeamcolumn with warpings a special element with 14 degree
of freedom, including the warping of the thimalled cross section. It is
important in case of structures with usual steel profiles. Téresion barcan
only resist tenginal axial force (no bending or torsional moments and shear),
if it got compression the analysis neglects its effect.

» Element groupthe members can be sorted out into element groups for
various purposes (selection, dominant results, sensitivity analysis # new
element group is needed thEROUPS OF STRUCTURMEMBERSdialogue
can be called by pressing the button next to the combo.

» Number of finite elementghe required number of finite elements used on
this member in the analysis can be set.

5 Commandarea

5.2.2HAUNCHED MEMBERS

The created members can be strengthened, if necessary, by using haunches. The haunch can
be only used for members with | type (IPE, HEA, welded |) sections, and the shape of the
haunch is considered as half of a welded | im&c(with one flange) with decreasing web

height. On the dialogue panel the length (L), height (h), web thickness (tw), flange width (b),
flange thickness (tf) and the characteristics of the haunch should be set.
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A i

Parameters
L {rarn} h {rirm) ke (riinn ) b {rirm) LF ()
‘oo | 300 | 10 | |z | 10 |

Characteristics of the haunch ot Lv;

a Felect skart poink of the haunch on the beam!

The position of the haunch is set by gimclicking on the member the start point (where the

height of the haunch is full) and the direction point of the haunch. It should be noted that if

the start point is a common end point of more members (this is the usual case, for instance

at a beamto-column connection point) then this point should be approached and clicked on

the member to be haunched. The characteristics of the haunch denote the appropriate side

2T UKS KlIdzyOK 2y (GKS YSYO6SNJIFOO2NRAy# (G2 GKS
usual beam position it results the followings:

* lower

» upper
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» symmetric

THE HAUNCHES CAN BEEETED AND MODIANEDHE PARAMETER TRABS SEPARATE
OBJECTAND IN CASE OF SHIEG A HAUNCHED MEMRBTHE HAUNCHES S8REECTED
AUTOMATICALLY

IMPORTANT TO KNOW TH#OR THE HAUNCHBBPOF THE MEMBERWEECTIONS ARE
CREATED DURING THE@MATIC FINITE EIEBM GENERATION WHICHNSIST OF THE
ORIGINAL SECTION AME HAUNCH WITH APPRIATE WEB HEIGFIESE NEW SECTIONS
ARE PLACED ECCEMNIRNON THE REFERENCE OR THE MEMBERXCEPT THE SYMMEAR
HAUNCH TYPHEHIS ECCENTRICITYSESADDITIONAL EAFEE THE ANALYSESBLTS DUE
TO THE ECCENTRIQHOS OF THE SECTAORORCHEBOR INSTANCE AT BHEMTO
COLUMN CONNECTIONNPOOF AFAME WITH HAUNCHEEARIS ANSOR COLUMNS THE
EQUILIBRIUM OF THNEALANE BENDING MOMBNEXISTS ONLY IFABIEITIONAL MOMENTS
FROM THE ECCENTRIBIAFORCES ARE NAKEO ACCOUNT

5.2.3TAPERED MEMBERS

Tapered members are frequently used in the eaamc design of steel framed structures, so
the fast and simple modelling of tapered members is of high importance. For the definition
of tapered member first a line member with welded | or H, box or cold formed C section
should be created. With the optioof tapered member the web height of these sections can
be set to linearly varying along the member length.
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Parameters
H1 {mm) H2 {mm}
250 E 1]

Set beam eccentricity

Place the centroid of the smaller section to the axis of the beam

FdectmaTberﬁ)themperedmarberl

After selecting the member to be tapered on thePERED MEMBERIialogue the start (H1)

and end web height (H2) of the section can be defig@lependently of the original web

height of the crossection. The start value for web height applied at the start point of the

member (lower end in the local coordinate systethe end value applied at the other end.

The form of the tapering can be lower, upper or symmetric. These definitions denote the
RANBOlGA2ya 2F GKS 2FFasSié 2F GKS 3IAPSy KSAIKI
negative direction, upper dastes the positive direction.
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> lower » upper » symmetric

IN CASE OF SELECRHN@APERED MEMBER TAEBERING IS SELEGWEBDMATICALLY ANINC,
BE MODIFIED IN THERAMETER TABLE ASARATE OBJECT

IMPORTANT TO KNOW THZOR THE TAPEREMBEER NEVBECTIONS ARE CREATHRONG
THE AUTOMATIC FINELZEEMENT GENERATIONMAAPPROPRIATE \MEBGHT.STHESE NEW
SECTIONS ARE PLABECENTRICALLY ONRERERENCE LINE CH.:IWEIMBE(EXCEPT THE
SYMMETRICAL TAPEI;IITBIS ECCENTRICITYSESJADDITIONAL EAEECTHE ANALYSIS
RESULTS DUE TO TEEEENTRIC POSITIONI@E SECTIONAL FOF(EEB INSTANCE AT THE
BEAMTO-COLUMN CONNECTIONNPOOF A FRAME WITAPERED BEAMS ARR COLUMNS
THE EQUILIBRIUM GHETINPLANE BENDING MOMBNHEXISTS ONLY IFABEITIONAL
MOMENTS FROM THE BCIEHC AXIAL FORCEE AAKEN INTO ACC@JN

5.3 SURFACE MEMBERS

In the ConSteel 5.0ersion plane surface members with uniform thickness can be modelled.
Two options are available for surface member modelling: the arbitrary shaped and
positionedplate membey and the vertical and squasgall member The latter one is a
modelling aid for e frequently used definition of walls since only the reference base line
and the two height values should be defined.

46

WWW.CONSTEEHU



$ consTEEL 6.0 USER MANUAL

L 01= I S [OVR = NLED (R I

'_\

Parameters

Thickness {mm) 200
Pasition of reference plane Makerial Finite element size
Emiddle C1z w || 500 v

ﬂ Fet opposite carner poink of the rectangle!

In the PLATE definition panel the drawing functions are collected in order to create the

plate with the desired shape. Arbitrary shaped holes can be defined in existing surface
members. Four parameters can be set: the thickness, the position of the reference plane
(recently only the middle position can be chosen), the material and the finite element size of
the surface member. The finite element size is an approximate target maximum size for the
finite element mesh used for the calculation of surface members.

5.4 MATERIALS

Three types of material can be defined: steel, concrete and concrete reinforcement. The
latter is only used for the rebar reinforcement of concrete or composite structures, and
considered only in the concrete cross section design (not includ€dmnSteel 5.0ersion).

The material parameters are taken from the appropriate Structural Eurocode chapters (EN
19931-1 for steel and EN 19921 for concrete and reinforcement), and the defaglt
indelible¢ material types are set with the standard veki New materials can also be

created with arbitrary parameters. In tHeéonSteel 5.@ersion only elastic material is
considered in the analysis, so the calculation results are only affected by the elastic modulus,
Poisson factor, density (if the self whtgf the structure is considered) and temperature
expansion factor (if temperature load is applied). In case of concrete materi&fteetive
elastic moduluss used in the analysis as it defined in the EC 2.
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IMPORTANT TO NOTE THX CASE OF BARWBER$BEAMSCOLUMNBTHE MATERIAL IS TH
PARAMETER OF THEERSECTION OF THEBER SO THE OCCURRENT M{QATION
SHOULD BE APPLIEB FEE APPROPRIATESSRSECTIONHIS FEATURE ALLOWE T
DEFINITION OF CRGESTIONS WITH MULERIATERIA(SG. COMPOSITE SECTIONTHE
FUTURE VERSIORSCORDINGLY IF IDEMLICROSS SECTIONS!\DIFFERENT MAPERARE
LIKED TO BE USEMNE MODEL THEN MUALE CROSS SECTIGNNDHON IS NEEDED

5.5 SUPPORTS

There are three types of supports in ConStpeint support, line support, and surface

support. Point supports can be placed on any part of a line member or surface member
(predefined points are not needed; end points or snap points can be used). Line supports can
be assigned to existing lines (linembers or edge of surface members) or to lines drawn

for the support only (for instance on a surface). Surface supports can be assigned to existing
surfaces.

Supports can be placed according to the global (#1), local (#2) or user (#3) coordinate
system.

Point support =]

B 'Se-lect the point for support!

Placing supports according to the member local coordinate system is very useful feature
when working with sloping members. The visibility of the local coordinate system can be
turned on and also the name of the axes.
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Local ecentricity can also be defined to the supports (#4). This feature can be used for
modelling the support of the bracing which is not connected to the reference line of the
member but supporting the flange of the section.

There are several point support tgp predefined. The support type names can be clearly
dzy RSNB (G22Rd C2NJ AyaidlyOS WEzezi =z EEQ YSlIya |
the rotation around x axe is also fixed. All the rest DOFs (Degrees of Freedom) are free.

WARNINGWARPING

BE AWARE THAT SINEE FINITE ELEMENRFAME STEEL BEAMS &0LUMNS HASDO
THE POINT SUPPORS@AHAS DO, THE7 ' DOFREPRESENTS THE WM®RIF THE CRO
SECTIONACCORDINGLY IF A CRSBCTION ON A CERTAACE IS CONSEERO FIXHBBDR
WARPINGFOR INSTANCE IN HEXVSTIFFENED JO)NTE7" DOFSHOULD BE FIXHN

JOINTS CONSISTING/ERAL MEMBERESPECIALLY WHEN MERIBECCENTRICITIEE

PRESENTT IS ADVISABLE TRPAY WARPING SUPHORT
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If any special supports are needed ohgr the modelling process which are not among the
predefined support types then click on the support definition icon (#5). Here you can define
new supports. 7 DOFs can be set to free, fix or s&grd. In the last case stiffness must be

also set.

Mame of support model Point supportl -
Degrees of freedom

Free Fix Semirigid  Stffness (kMN/mm, kiNm/rad)
x © ® | -]
Yy © ® | -]
z © © | -]
RX O © 250 v
RY O © | v
RZ © © | -
Rw ©

5.6 CONNECTIONS

Tt ) )
==’ The link element icon

Link element can be used to connect elements which are not directly connected to each
other.
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Parameters
Position of connection 0 Rotation 0
Felease [Cmtl'uml.ﬂ -

afdectmdeﬂmttomct!

For example if there is a cantilever on a relatively high tapered column (see image below) it
is advisable to connect it not directly to the reference line of the column but with the link
element. If it is connected the way like that the analysis and deggults are more accurate
and the modelling is more exact.

51

WWW.CONSTEEHU



\’ TEEL 6.0 USER MANUAL

6 STRUCTURALLOADS

6.1 BASICS

The definition of loading on a structural model is one of the most important modelling
phases. Contrary to the modelling of structural members the load modelling is minutely
controlled and supported by the structural codes and standards since the appmpria
definition of loads ensures the major part in the reliability of structural performahtce.
ConSteel 5.8everal types of loading options help the engineer in this work. In accordance
with the modelling of structural member the engineer can work wita thad types and
options defined and handled in the structural standards and the applied loads are
automatically converted into finite element loads for the calculation mod#ltheloading
functionalityconnecting with thdoad modellingis placed on theLoADstab.

6.2 LOAD CASES AND LOAIRGUPS

Before place any loads in the model load cases and load groups must be defined. In a Load
group several load cases can be defined. Precise load groups needed to automatically
generate load combina@ins.

There are 4 different load group types in ConSteel: Persistent, Trangletgprological,
Accidental and Seismic.

For each load group safety and combination factors must be given. These factors can be
SRAGSR YlydzZtfte 2N 58St 201 % i Bypdad@Rstchribe y R NR
selected which are provided by the EuroCode. Factor values are dependent from the

selected NA.

‘ Anerrormessagelt NEaa | ye (Se (2 02y iAydzsS
DAY
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Load cases and load groups (3]
Load case
=) Persistent
b Dead load MName Total Snow
Snow load
Load grou Snow load -
3 e B ]
e o
=-{4] wind
: S Wind left [] The actions can be favorable in the combination
el Wind right
The actions are also considered as mass in dynamics
[ MNew load case ] [ Copy ] [ Delete ]
Load group
MName Snow load
Standard values of factors ]
Safety factor ¥y 1,5
Combination factor g 0,7
Factor of frequent load level ) 0,5
Factor of quasi permanent load level  “; 0,3

[ The load cases can be applied along with each other

New Persistent -

Load case incuding dead load
[None hd ]

Delete

Multipliers of representative values =3

| Action type | ¥ | | ® ~
Imposed loads in buildings, category (see EN 1991-1-1)

I_ Category A: areas in residential buildings 0,70 0,50 030

I_ Category B: office areas 0,70 1 050 030

I_ Category C: congregation areas 0,70 | 0,70 030 =

I_ Category D: shopping areas 0,70 1 0,70 ' 060

I_ Category E: storage areas 1,00 1 0,980 | 080

I_ Category F: traffic area, vehicle weight < 30 kN 0,70 0,70 060

I_ Category G: traffic area, 30 kN < vehicle weight < 160kN 070 | 050 030 —

[ Category H: roofs 0,00 0,00 0,00
Snow loads on buildings (see EN 1991-1-3)

[ sk<275kN/m2 070 040 020~

4| i | »

| Cancel | [ apdly |

] 2y{ (S5t

Oby FRR GKS

a0 NHzOG dzNB Q a

RSIR

do so please select the appropriate load case at the bottom right corner of the dialogue.
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6.3 LOAD COMBINATION

According to the actual structural design cddad combinations must be set from load

cases. Load combinations can be created manually by giving the safety and combination
factors manually for each load case or can be created automatically by using the automatic
load combination generation functiorf €onSteel.

It is possible to edit multiple safety factors at a time: select safety factors and right click over
it.

MName Limit state | Dead load| Total Sn...| Half 5n... | Wind left | Wind ri...
Load combination-21 Resistance LI 135 1] 15 1,05 0
Load combination-22 | Resistance LI 1,35 0 15 0 1,05
Load combination-23  Resistance ;I 135 1] 1] 15 0
Load combination-24 Resistance LI 1,35 1,05 1] 15 0
Load combination-25 Resistance LI 135 1] 1,05 15 0
Load combination-26 Resistance LI 1,35 1] 1] 1] 1.5
Load combination-27  Resistance LI 135 1,05 0 0 15
Load combination-28 Resistance LI 135 1] 1,05 1] 1.5
Serviceability-1 Serviceability LI 1 03 0 03 0
Serviceability-2 Serviceability LI 1 0,3 1] 1] 03
Serviceability-3 Serviceability LI 1 0 03 03 0
Serviceabilty 7|1 0 03 0 03

1,35*Dead load + 1,05"Half Snow + 1,5%Wind right

H Cose | [ appy | [ ok ]

The yellow rows in the load combination table are the automatically generated
combinations. The white ones are manually edited.

Huge numier of load combinations needs long period of time to calculate in the analysis. So
it is good to keep the number of the load combinations to the minimum. If the automatic
load combination feature is used in ConSteel it is advisable to delete those roals whi
cannot be relevant. To do so select the load combination (multipie ¢ab be selected with
using CTRL and SHIFT buttons) and click on the Delete Load Combination icon.

It is important to set the limit state correctly because design checks will ke

Resistance load combinations and also serviceability check are performed for SLS
combinations.
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6.4 LOAD TYPES

6.4.1POINT LOAD

Any placed load will belong to the load case selected from the list.

Point loads can be placed according to the gloloakl or the user defined coordinate
system.

Paint load =]

di @Y
Parameters
Load{ %, %, Z) 0 kn 0 ke -0 kM
Moment (%, ¥, 2} 0 kkm ] kMm 0 kkm
Local eccentricity § v, 2 ) i] i i} i

o Felect the action point of load!

6.4.2LNE LOAD

Line loads can be placed along a member. In order to place a line load you can either click on
the member using the select functionyor set the start point and the end point of the line

load using the draw function 8¥. Line load can be applied to multiple members at the same
time by using Place loads icon (#1). This case the members must be selectedccheforg

on the line load icon ohoADsStab.

The6™icon from the left (#) istt§ WDf 26t f t Ne2SOGA2y {&adisSYQ &
when modeling the snow load.

If just a partial line load need to be applied along the member then the partial line load
function (%) can be used.
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e
BBEE: B .

General | wind action

Parameters
Load 1(X, ¥, Z) o kNfm O kM/m -10l kMfm
kMmO kM/m -10 kM /m

Load 2 (X, Y,Z)

Local eccentricity (v, z)

o)

o Felect the action line of load!

6.4.21 LUNEWINDLOAD

Line wind load is a great tool to apply wind load to members easily. It saves time because
only the basic data must be added and ConSteel automatically calculates the appropriate
wind load. The three dots icons provide help determining the correct valtidse

parameterslt is important to know that load intensity is calculated using the parameters
added on the window and these parameters can be modified later but every line wind load is
independent from the others. Therefore modifying the parameter bha wind load will not

have effect on the other line loads. If one or more parameter(s) need to be modified for all
line wind loads then all must be selected and the appropriate paran@tetust be

modified.
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b; . i .'.‘. §+ ¥ 7|/

Parameters

Velocity pressure gp [RN/m*] 1 [1..] Frame distance 3

Load intensity [kM/m] 2,4

Local eccentricity (v, z) 0 mm

Internal pressure {cp) 0,2 E] Extrenal pressure (cpe) 1

Pasition of load 1 along the line

From end A -

Pasition of load 2 along the line

From end B -

m

L]

B ’Select the action line of load!

6.0 USER MANUAL

By clicking on th&elocity Pressurine window below will appeant is possible to view and
select the Cpe values after choosing the type of the wind surface (wall, flat roof, dopit

roof,etc).

WWW.CONSTEEHU
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Global wind parameters

WindGlobal 1

Wall
Constant parameter
2

A 10 m

Wind direction dependent

h 3000

Wind direction:

0 «|® b 40000 mm .

d 18000 mm hjd

Schematic zone figure with sizes

|side wall

Wallview

6000

mm

0,166667

' e
. 45

Standard Cpe table EM 1991-1-4:2007 Table 7.1

-+ d-e ~
]

h/d |A10 Al B10 Bl

C10

Ll

El

0250 12 |-14 -08 -11

-0.5

-0,5

-0.3

0.3

0250 -12 |-14 -08 -11

-0.5

-0,5

-0,3

-0.3

Actual Cpe values

h/d A B

0,250 -1,200 -0,800

0,250 -1,200 -0,800

Selected external pressure coeffident

6.4.3 SURFACE LOAD

6.0 USER MANUAL

Surface loads can be defined using the same method like in point or ivdids. INo surface

moment loads can be placed.

WWW.CONSTEEHU
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6.4.4 LOAD TRANSFER SURFACE

fGeurnetryT Structural members TLoadsT Finite glement TAnarysisT Standard resistance T Serviceability T Member design

m

L= J ot wusfsg] e & T e

Load transfer surface is special surface which distribsteface loads to members as line
loads. This is very useful in those situations when surface load need to be distributed to
members, like floor loads, snow and wind load, etc.

After clicking on the dedicated icon on theADstab a dialog window appears.

Edit load transfer surface =]

Mame Load transfer surface

v o - [ @O m e X1

o Fet one corner point of the rectangle!

e o) o)

Just like in the twadimensional figure drawing there are different possibilities to draw the
surface: draw a rectangle, draw leaning rectangle, draw circle, draw poly&fter. drawing

the surface it is possible to select the membe#asch the surfacelistribute the load. There

are two options: distribute load to the selected members or distribute load to all members in
the surface plane. If second option is clicked then the appropriate members will be
highlighted.If none of the options is clicked, thehe second one will be applied as a

default.
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Edit load transfer surface

Name Load ransfer surface

Draw suface | Select members

(©) Distributs load to the selected members

© Distribute load to all members in the suface plane

B FE\EEL the edge!

It is also possible to chose the second option and remove from the selection by using the
Shift + Left mouse click on the membaAfter the corresponding members have been
selected and OK is clicked theretburfaces created.

Surface load can be placed by using the method describeldapter6.4.3.

There are two visibility options: view the surface load or view the distributed load.

Changing the views is possiltigclicking on thededicated icon which can be found among
the visibilityof graphics symbolsetting

_ EHOE

60

WWW.CONSTEEHU



2

TEEL

6.0 USER MANUAL

Converting surface loads to line loads is performed by a meeting the following requirements:

The basic working method can be used as described below. First create the load transfer
surface. Select the members which it distributes loads to or accept the default setting which

» line load is linear on member
» the value is the same on a node for all inabgumembers
» project equilibrium

is distribute loads to all planar membe®spplysurface loads to the surface at every load
case.

6.4.4.IMODIFYING LOAD TRAEBSURFACE

Load transfer surface can be modified by selecting it and chgtige properties in the

property bar.Member selection can be easily modified from the planar membeselected
members. It is possible to highlight the previously selected members by clicking on the blue

thick.

=

Load transfer surface

(1)

Y

Mame of load transfer s

Load transfer surface

Two-dimensional figure

migin_model, id=2524

Member selection

Selected membe.” k-

Visible

Yes

If selected members option is chosen and then the black arrow is clickegtbgiously
selectedmembers can be removed from the selectionnr@w members can be added.

6.4.5 TEMPERATURE LOAD

Temperature loads can be defined in members or in surfaces.

First choose the type of the temperature load: the temperature is changing along the cross
|.

asSoiArzyQa
temperature) and the upper and lowéemperature of the cross section. The last step is to
select the member where you would like to apply the load.

WWW.CONSTEEHU
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Ternperature load on bar [==]

[ i

Parameters

Tvpe of termperature load

(@ The section height is tapered T l
(1 The section width is tapered z E
i
C ¥
Caonstruction temperature (Tref) 20 o —*
(Trefh
Temperature of upper fibre 20 2
T2

Temperature of lower fibre (T2) 20 s

B ’Select the line For temperature load!
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6.4.6 PRESCRIBED DISPLACEME

Prescribed displacement can be applied for point supports.

6.4.7 PRESTRESSRESTRAIN

The change of the original membgystemlength can be set and applied as a load.
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