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6 STEEL GETTING STARTED

GETTING STARTED WITH
CONSTEEL

1. MODELING

There is a default grid which provides help to place beams and columns. This grid is
moveable, rotatable and the size can be adjusted.

T-'E

Grid and coordinate system
= | Gtk o B XIYIZ =

J Parameters

Origin X 0 mm Y 0 mm Z 0 mm
Eﬂ Grid X 1000 mm Y 1000 mm  Sie
CD Step X 250 mm Y 250 mm
m ﬁ ’Set origin of coordinate system!

First click on the COLUMN icon to place a vertical column.

Geometry | Structural members | Loads | Finite element T Analysis T Standard resistance ]

LLZU-NF & 2~z & FRKR

Set the height of the column to 8400 mm. To define the cross section of the column,
click the button with the three dots on it.

EIF

Parameters

Height (mm) 3000]

st —

Release (start, end) [Continuuus - ]E] [Ccﬂtinuuus V] E]
Initial bow imp. 0 Ly 0 Liz

cerent E—

- —]

Number of finite elements

Local eccentricity

y[mm] O z[mm] 0 degree 0

ﬁ ‘The section of the member has not been defined!
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Then click on FROM LIBRARY to open the standard section catalog and load some
sections. Multiple sections can be loaded at the same time by using the Windows
standard functions i.e. Shift or Ctrl button + left mouse click selection.

Selected database [New model -]
Load section
Mame /| Parameters
From library_

Before clicking on the LoAD button set steel material grade to S235. According to
the ConSteel philosophy material grade is a property of the section and not the
member. Select to following sections to be loaded: IPE 300 - IPE500, HEA 300 — HEA
500. Click on Close and select from the drop down menu section HEA 300 for the

column.
Section bank:
(El- Steel o

-1 profiles h=240 mm
LLIPE .
: :FF b=120
- TPEA r tf ¥ mm
RO t,=6,2 mm
TN 9
B [ =98 mm

[H-H profiles tw h ~

[T profiles =15 mm

[#-U profiles

[#- Hollow sections - hot-rolled

[#- Hollow sections - cold formed tf

[#-Tube sections - hot-rolled :t;—

[#-Tube sections - cold formed

[#-L profiles - hotralled bf

[#-L profiles - cold formed -

Tl EnT Parallel flange I section {ight), IPE, (hotrolled), ARBED profile, Euranarm 54
[ New ] [ Rename ] [ Delete ]

Set the section to HEA 300 and height to 8400 mm. Place the column to the grid
points like in the image below. The span of the frame is 18.000 mm.

GETTING STARTED
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The default grid size is 20.000 mm. In order to make the modeling easier absolute
and relative coordinates can be used.

@& [A] . x (e Y p z p L]

There are two ways to place columns or any object in ConSteel. First is to use the
grid points and snaps, second is to use the coordinates. It also good to kept in mind
that coordinate system can be changed to local.

To place the beam click on the BEAM icon on Structural members bar. Select IPE 400
section size and leave all the other settings as default. Place the beam between the
two top points of the columns.

Zlt N g s c=T EFRIR

7~ / i y T j/ L. ./
~_ / ; -7 4

GETTING STARTED
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To refract the beam select Geometry tab and click on REFRACT SELECTED LINE
ELEMENTS icon. Follow the instructions on screen and set the cursor to the middle
point of the beam. Press Z button and set the Z coordinate of the point to 10.000
mm if absolute coordinate system is set or 1600mm if relative coordinate system is
set. Press ENTER to refract the beam.

[Geometry]| _Structuralmembers | Loads | Finite element | Analysis | Global checks | Member checks | Serviceabilty checks |

JOOCKRE IBIE A7~ N4 4

The final geometry looks like as in the image below.

Haunch can be placed on the beam ends by clicking on the dedicated HAUNCH icon.

[ Geometry | Structural members | Loads | Finite element | Analysis | Global checks | Member checks | Serviceabilty checks |

LEZUINF P06 2=<TRRK

Set the haunch parameters like below and follow the instructions on the dialogue.
First pick the end point of the beam then the direction of the haunch.

WWW.CONSTEELSOFTWARE.COM
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Haunch on bar (=3
A i
Parameters
L {mmm) h {mm}) tw (mm) b {mm}) tf (mm)
2100 360 10 180 14

Characteristics of the haunch

ﬁ Felect start point of the haunch on the beam!

The next step of modelling is to place the supports. Click on the POINT SUPPORT

icon.

Geometry | Structural membersT LDE.dST Finite element TAnatysisT Global checks T Wember checks T Serviceability checks \|

Lyl N# 2 p o=z ERE

Select Fixed support and select the lower end points of the columns.

Point support u

i @
Parameters
Support [FiKEd v] E]
Local eccentricity
Type [U - Reference line v]E]
y[mm] O z[mm] @

Select the point for support!

Because ConSteel model is a real 3D model it is also important to place supports
perpendicular to the frame to simulate the bracing system.

Select support ‘y’ and place to the positions like in the image below. The supports on
the beam are supporting the upper flange of the section so local eccentricity must

be set to ‘Top middle’.
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2. LOADS AND LOAD CASES

All the loading functionality connecting with the load modeling is placed on the
LoADps tab.

( Geometry T Structural members TLoadsY Finite element TAnarys-isY Global checks Y Member checks Y Serviceability checks ]

B [ [Deadloag Jtuleg gt C T THS MR

Before placing 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 combinations.

For the portal frame example three load groups would be used: Persistent, Wind and

Snow.

For each load group safety and combination factors must be given. These factors can
be edited manually or by clicking the ‘Standard values of factors’ icon. Here typical

cases can be selected.

WWW.CONSTEELSOFTWARE.COM
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|Load cases and load groy

E-u Persistent load case el
4 Dead load Hame
-ﬁ_mfﬂfind " Load group
: b Wind = Color
E- Snow
ol Snow Total
-4 Snow half 1
ol Snow half 2
Load group (Persistent)
Name Persistent load case|
safety factor -unfavorable  ¥;,,, 1,35
Safety factor - favorable ¥ 1
oo
Load case induding self weight
[peadload -
[coee | [apoy | [ ok ]
Action type a0 M W
Imposed loads in buildings, category (see EN 1991-1-1)
l_ Category A: areas in residential buildings 0,70 050 030
l_ Category B: office areas 070 050 030
I_ Category C: congregation areas 0,70 0,70 080
|_ Category D: shopping areas 0,70 0,70 060
l_ Category E: storage areas 100 090 080
I_ Category F: traffic area, vehicle weight < 30 kN 0,70 0,70 060
|_ Category G: traffic area, 30 kN < vehicle weight < 160kN 0,70 0,50 030
[ | category H: raofs 0,00 0,00 000
Snow loads on buildings (see EN 1991-1-3) 050 | 020 0,00
I_ Wind leads on buildings (see EN 1991-1-4) 060 0,20 000
l_ Temperature (non-fire) in buildings (see EN 1991-1-5) 0,60 050 0,00
| concel | [ ooy |

ConSteel can add the structure’s dead load to a selected load case if necessary. In
order to do so please select the appropriate load case (Dead load) at the bottom of
the window. Create the load groups and load cases like in the image above.

The next step is to define the loads for the load cases. First select from the drop
down menu in the LoAD tab the DEAD LOAD load case. Then select LINE LOAD
from the LOADS tab.

6.4.2
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{ Geometry | Structural members | Loads | Finite element | Analysis | Global checks | Member checks | Serviceabilty checks |

B [ (Do IR T T R =R - N T A

6.4.2
To define line load set the load density to -4 kN/m and click on the beams.

Line

i@y e,

General | wind action

Parameters

ai(X, ¥, Z) 0 kiyjm 0 kiyjm -4 ki m
22(X, Y, 2) o knjm o knjm A km

LFTTWME

Position of g1along the line (39 ) —
Position of gz along the line (xz,)

Local eccentridity
Type 0 - Reference line v] E

ymm g z[mm] g

ﬂ Felect the action line of load!

o
F]
3

The next step is to define the Wind load from +X direction. It is easy for the columns
just the load density and the direction is different the method is the same as
previous case. But wind load for the beams is a little bit trickier because load density
is not the same along the beam and it is perpendicular to the beam. Therefore set
line load dialogue to DRAW and LOCAL COORDINATE SYSTEM. When the DRAW

WWW.CONSTEELSOFTWARE.COM 11
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function is set load can be defined between any picked points along the member
including also the start and end point.

LocAL COORDINATE SYSTEM option can be used to define load according to the
member’s local coordinate system.

e ., $  —
|1 i € 2B e

General | wind action

Parameters

QX ¥, Z) 0 kM fm 0 kM fm -3,5 kI fm
qz(%,¥,Z) 0 kM jfm 0 ki fm -3,5  kNjm

Position of gjalong the line (x4 o mm
Position of gz along the line (xz,) i} mm

Local eccentricity
Type [0 -Reference line V] E]
y[mm] g z[mm] g

o rset the start point!

Before drawing the action line of the line load another setting need to be changed.
At the bottom right corner of the status bar additional functions can be found in

order to help editing and construction of the model. A 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 the mouse approaches
the line, and fade away three seconds after stop of movements around the line.

In the first button (‘n’,’%’ or ‘d’) the type of the division can be set: number of
dividing parts (‘n’), percentage of length (‘%’), and distance from one end (‘d’). In the

last case the count starts at the line end first approached by the mouse.

In this case ‘d’ is needed to set the distance from the end point.

Elfon  ses 0

Partial line load starts at the end of the beam and ends 4000 mm (4 red dots).

WWW.CONSTEELSOFTWARE.COM
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Using the same method, create the wind load from —X direction.

WWW.CONSTEELSOFTWARE.COM
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defining the snow load.

$ coNSTEEL

Creating the snow load is much easier: it contains only two line loads.

Be sure to turn on the GLOBAL PROJECTION SYSTEM setting in the window while

Position of g1along the line (x4
Position of gz along the line {xz,)
Local eccentricity
Type [ﬂ - Reference line V] E]
ymm] g z[mm] g

L
viE i O &,
General |wind action
Parameters
ail% v, 2) o Wm0 Kym 20 kv
qa{X, ¥, Z) ] kN fm 0 ki/m -10 ki/m

o Felect the action line of load!

WWW.CONSTEELSOFTWARE.COM
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Half snow load should look like as below.

3. LOAD COMBINATION

After all the load cases have been defined take the next step and create the load
combinations.

According to the actual structural design code load 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 function of ConSteel.

Delete the default load combination first by selecting it and click on the delete icon.
Afterwards click on the last icon to generate load combinations automatically.

GETTING STARTED

6.3
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i B (@) 6

Wind +x Wind -x | Snow ...

To generate the load combinations another set need to be made: the type of the
load combinations. The settings were implemented from the EuroCode standard.

WWW.CONSTEELSOFTWARE.COM 16
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Autematic generation of load combinati u

Load combinations in ultimate limit states

Load combinations in persistent and transient design situations - (6.10.)

26 G M o1 Q" 2 Yo vniQu

jzl isl

"] Load combinations in persistent and transient design situations - (5. 10. a,b)
253G Yo Vo Q"+ 2 Yo Woi Qs
izl 1x1

> Ee G M YR D Yo WoiQus

21 isl
[] Load combinations in accidental design situations - (6, 11. b)
z Gk,j”+“ Ad“ i w—l,le,l”+" szij,i

il isl
0ad ComDINaaons IN SeIsmIC design situaton - . .
Load combinations in seismic design situation - (5.12. b

2 Gk,j”+“ AEd”+” Z CP w2;Qk;

jzl izl

Load combinations in serviceability limit states
[ Characteristic combinations (in case of ireversible serviceability limit states) - (6.14. b)

Z Gk,j i Qk,1”+" ZijQk,i

izl i=1
["|Frequent combinations {in case of reversible limit states, eq. dislocation, crack) - (6,15, b)

Z Gk,j L 1+|.1,1(z k,lll+ll Z‘L‘P’Z,iQk,i

il ix1
[] Quasi permanent combinations {e.g. strains, crack width of concrete) - (6. 16, b)

G O

izl izl

e ) (]

After clicking on the APPLY button all the possible load combinations are generated.

Click on OK to proceed.

|:l cnm_binah'ons I X
i B e ]

MName Limit state Wind +x Wind -x | Snow ...
Load combination1 | (ULS) Ultimate 15 ' '
Load combination-2 (ULS) Ultimate 15

Load combination-3 (ULS) Ultimate 15

Load combination-4 (ULS) Ultimate 15

Load combination-5 (ULS) Ultimate 15

Load combination-6 (ULS) Ultimate 15
Load combination-7 (ULS) Ultimate 15
Load combination-8 (ULS) Ultimate 15
Load combination-9 (ULS) Ultimate 0
Load combination-10 (ULS) Ultimate 1]
Load combination-11 (ULS) Ultirmate 0

WWW.CONSTEELSOFTWARE.COM
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It is possible to edit multiple safety factors at a time: select safety factors and press 7
right click over it.

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

Huge number 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 rows which cannot be relevant. To do so select the load combination
(multiple LC-s can be selected with using CTRL or SHIFT buttons) and click on the
Delete Load Combination icon.

It is important to set the limit state correctly because design checks will be made to
Resistance load combinations and also serviceability check are performed for SLS

combinations.

WWW.CONSTEELSOFTWARE.COM 18
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4. ANALYSIS

It is strongly recommended to perform only first order analysis for the first time

after modeling. In order to do so, click on the ANALYSIS PARAMETERS icon.

r Geometry T Structural members | Loads | Finite element TAnalysisT Global checks T Member checks Y Serviceability checks 1

] - - S IR

Set ‘Calculate load cases’ and click on the CALCULATION button.

Set analysis para |

Basic settings | Load combinations | Load cases | Joints |

Ultmate limit states
[ First order analysis

[ Second arder analysis

[] Buckiing analysis
Model portion ~Whale model -
Upper limit of relevant bucking sigen values o
Buckling sensitivity

[ vibration analysis

Number of dynamiz eigenshapes considered in seismic analysis 0

Serviceabiity limit states
[ First order analysis

[ Second order analysis

[¥] calculate load cases
[ Indude connection stiffness

Cancel | [ caadation | [ Apply |

The default result view is the deformation shape. The scale of the deformation shape
can be changed by moving the slider. Check the deformation of the model and be
sure that all the supports are placed in the right position.

( Geometry T Structural members Loads | Finite element TAnalysisT Global checks T Member checks T Serviceabilty checks ]

P E» First order v Deadload +  Deformation - XYZ ~  Diagram - I & |ﬂ |—,=,‘—’ @

If everything is OK (so there is no modeling errors) set first order, second order and
buckling analysis and rerun the calculation.

Get analysis para: o]

Basic settings lLoad combinations I‘Load cases I‘Jomts ]

Ultimate limit states

First order analysis

Second order analysis

Buckling analysis
Madel partion - Whole model - -
Upper limit of relevant buckling eigen values 10

[] Buckling sensitivity
[ vibration analysis

Humber of dynamic sigenshapss considered in seismic anatysis 0

Serviceability limit states
[ First order analysis

[] second order analysis

Calculate load cases
[ include connection stiffness

Cancel | [ Calclaton | [ Apply

WWW.CONSTEELSOFTWARE.COM
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The four combos contain the following selection options (from left to right):

P selection of analysis type

Pk selection of load combination or load case
# selection of result type
# selection of type of view
First order +  Load combination-2 +  Deformation - XYZ ~ Diagram -

All the model view options are applicable on the result graphics. Moving the slider
beside the combos the scaling of the results can be adjusted on the graphics. In case
of partial or submodel view the graphics and the tables show only the results of the
actual model part.

451.28 kNm 451.28 kNm

s
S
\ "y
LIS
469.83 kNm | I'| 1.;\1\_
s RRRRRR: T
\ N
S L ‘I, ARt Syl

%\ __I.\ ,

N,

-199.45 kNm -469.83 kNm
it L

N /7307.01 kNm /‘ 307.01 kNm

Three types of result tables can be viewed:

ﬂv

Extreme values by members: select the maximum and minimum values for
each structural members

‘ User defined values: show the values belonging to the markers defined by the

user

| All values
The result tables arrange the values according to the current result type:

# displacement type results (first or second order deformations, static or
dynamic eigenshapes): finite element node number, displacement
components

WWW.CONSTEELSOFTWARE.COM

GETTING STARTED

20



& STEEL

b force type results (internal forces, forces or stresses on surface): finite
element node number, finite element number, force components

P reaction type results (reactions, equilibrium): finite element node number,
reaction components.

On the graphical interpretation of the results markers can be placed in order to show
certain significant values. When moving the mouse along the structural elements (or
more correctly the finite elements) the result markers continuously appear showing
the actual values. These markers can be fixed by clicking on the right mouse button
and choosing the MARKER option.

When there are fixed markers on the model the USER DEFINED VALUES table
contains the appropriate (view dependant) values of the marked points. In this table
the markers can be switched to disabled by uncheck the proper row.

1 5 37 60,130 0,000 4,900 0,000 56,520 0,000 0,000
v 56 71,400 0,000 52,360 0,000 186,740 0,000 0,000
cal 3 9 75,850 0,000 78,680 0,000 221,200 0,000 0,000

The markers can be deleted by:

# click on the proper row in the table by the right mouse button
» click on the marked point on the graphics by the right mouse button and
chose ‘Remove marker’

Extreme values can automatically marked by the check boxes on the ‘Extreme

values’ table rows.

5. STANDARD DESIGN

After learning how to use the analysis in ConSteel and check the results move to the
standard design. Standard design related function can be found in the three
following tabs: Global checks, Member checks and Serviceability checks. In order to
run the global check, click on the blue arrow icon.

f Geometry T Structural members T LuadsT Finite element T Analysis TGlohaI checksT Member checks T Serviceabilty checks 1
B ¥

The dialog window as shown below appears and the following settings can be set:

type of analysis, load combination, type of design (section resistance or section and
stability analysis) and the critical load considered in stability design (first or selected
eigenvalue). Click on GLOBAL RESITANCE to proceed.

WWW.CONSTEELSOFTWARE.COM
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Current design standard: EN 1993 - Recommended Values

Type of analysis

To... Load combinations Selected eigenvalue o
[¥ | Load combination-1 | (1) 1492 H
|7 Load combination-2 (1) 1838

[# | Load combination3  |(L) 878

[¥ | Load combination-4 1) 10,16

[ | Load combination-5 1) 974

[¥ Load combination-6 (1) 11,18

[V Load combination-7 | (1) 1249

¥ | Load combination-8 (1) 1536

¥ | Load combinationd (1) 1523 -
< i v

Design settigns
[¥] Cross Section check EN 1993-1-16.2

Model portion: -Wholemodel - =

() First order elastic (@) Second order elastic
[¥]Buckling check EN 1993-1-16.3.4
Model portion:
Elastic critical factor tlo.op
(@) First buckling eigenvalue
() Selected sigenvalue
Ultimate resistance factor
@) minimum value by members
() minimum value in model portion
Reduction factor op
(@ @) minimum of (x;717)

@ b) interpolated between (1;7)

Close Calculation

As you can see in the colored image the some results are more than 100% so bigger
sections are needed. If the cursor is moved over the model the result is shown. Press

right click and select MARKER to place a flag.

WWW.CONSTEELSOFTWARE.COM
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Similar to the analysis results design results can be also checked in sheets at the
bottom part of the screen.

fi 1% | element ‘Joint |Loadr binati |-r Capacity [%]
E‘| 32 k Load combination-19 | Glebal stability resistance
(= 16 k Load combination-21 | Glebal stability resistance
31 k Load combination-19 | Global stability resistance 180,5
& 32 j Load combination-19 Global stability resistance 180,5
16 j Load combination-21 | Glebal stability resistance 180,2

The wide functionality of the ConSteel connected with cross-sections suggested
detaching a separate module: Section Module (cSSECTION). This module collects all
the tools relate to the creation, property calculation, stress analysis and standard
design of a cross-section. Two parallel modeling possibilities exist: the General Solid
Section (GSS) is an accurate finite element based surface model for any kind of cross-
sections, the Elastic Plate Segment (EPS) is a thin-walled model especially for steel
profiles. The steel standard design formulas are easy to evaluate on the EPS model
including the real effective section generation of class 4 cross-sections based on the
sectional forces resulted from the structural analysis.

6. SECTION MODULE — CSSECTION

CSSECTION can be launched from the model if the STANDARD RESISTANCE tab is
chosen and standard design had been run. There are two ways to open CSSECTION
directly for a selected section. First is to press right click on STANDARD RESISTANCE
tab over the section which needs to be analyzed and select CALCULATE SECTION.

Capacity= 140.7%

Marker

Remove marker o

Calculate section

Calculate connection

The second way is to press right click over the element in the result sheet which can
be found in the bottom of the screen on the STANDARD RESISTANCE tab and click
on CALCULATE SECTION.

WWW.CONSTEELSOFTWARE.COM
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File Model Properties Standard resistance  Documentation
@u [ Model [ Properties | Standard resi 3]
‘ B & by b b @l

o]

Summary

Adequate!
Rmas 509 %

Deminant case Global stability resistance

Dominant formula Global stability resistance

Load combination Load combination-33 (second order)
Place of current section

General elastic resistance

Pure resi

Plastic interaction resistance

Conservative interaction resistance

Global stability resistance(Dominant)

#

1)

&3]

#

1)

juj

Utilization 509 %
I Applied part of standard 6.3.4 (2)-(3), (4)b - (6.63, 6.64, 6.66) form:

kg 1,560
aorop 7,860 i
fop 0445
a 0,340
3 0,641
x 0,908
aLt 0,490

v - ¥ BLT 0,586 i

=

Detailed design calculation results can be checked at the right part of the window.
The standard design procedures performed on the EPS model cover the major part
of steel design methods in the EuroCode (the whole EC 3 1-1 and parts of EC 3 1-5)
including the calculations of general elastic resistance, examination of pure cases,
plastic and conservative interaction resistances of certain section types, web
buckling analysis.

[ Model | Properties | Standard resistance |

& D DDt @

For a given loading case the module determines the necessary and possible checks,

performs all the standard calculations and evaluates the dominant case.

There is a short summary about the calculations on the right and also the name of
the dominant case, formula and load combination can be found there.

WWW.CONSTEELSOFTWARE.COM
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If the section module is opened from the model, then all the load combination from

the model are automatically imported into the section model. The relevant is chosen

but any other can be selected and checked. It is also possible to add load

combinations manually by clicking on the New Load Combination icon.

=+ =[]

Lcomb. Currentl MNEd [kM] My Ed [kMNm]| Mz.E4 [kNm]‘ Wy Ed [kN]| VzEd [kN]| Bed [kNmZ] | Tred [kMNm]| TwEd [kNm]‘ Ted [kNm]|Bc[_Qp [-:||3u|t [-:|
Load Combination 1 (first order) I— 00 -162,3 00 -0,0 938 -0.1 -0.1 01 0,0 1370 0,937
Load Combination 1 (second order) [V -162,3 0,0 0.2 938 01 0,0 00 00 1370 0937

Stresses can be checked by selecting the PROPERTIES tab and clicking on the

STRESSES icon

I

. Stresses can be viewed both in the EPS and the GSS model.

The following stresses are calculated by CSSECTION:

ON
Oy
Om;

O

o)
Tvy

Tvz
Ty

thv.y
Trsv.z
z Trsv
tTw.y
Trw.z
z Trw

It

it

2T,

Normal stress due to axial force

Normal stress due strong axis bending

Normal stress due to weak axis bending

Normal stress due to bimoment

Resultant normal stress

Shear stress due to strong axis shear force
Shear stress due to weak axis shear force
Resultant shear stress due to shear forces
Strong axis shear stress due to St. Venant torsion
Weak axis shear stress due to St. Venant torsion
Resultant shear stress due to St. Venant torsion
Strong axis shear stress due to warping torsion
Weak axis shear stress due to warping torsion
Resultant shear stress due to warping torsion
Resultant shear stress due to torsion

Strong axis resultant shear stress

Weak axis resultant shear stress

WWW.CONSTEELSOFTWARE.COM
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MODIFYING THE SECTION SIZES

GETTING STARTED

The section sizes must be altered. Change the column section size to HEA 400 and
the beams to IPE 400. In order to do so click on STRUCTURAL MEMBERS tab. Select
the columns and change section sizes to HEA 400 in the property sheet at the lower

right of the screen.

Line (2) -
EI| Bar member (2) 9,
Name different
Section properties HEA 400
0 HEA 400 -]
Release start point Continuous E]
Release end point Continucus E]
Eccentricity - y [mm] |0
Eccentricity - z [mm] 0
Rotate [deg] 0
Number of finite elemen Automatic
Bow imperf. L/v 0
Bow imperf. Liw 0
Element type Beam-column with warping
Element group different E]
Layer Layer 1

The method is the same for the beams.

The next step is to rerun the analysis and design.
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76.2%

A

78.7%

The capacities of the sections are adequate now: all of them are less than 100%.

7.]JOINT MODULE - CSJOINT

All the joint related commands can be found on the STRUCTURAL MEMBERS tab.
These are the followings: EDIT JOINT, CREATE JOINT BY MODEL, PLACE JOINT.

IFIR[F

To create joint by model, click on the CREATE JOINT BY MODEL icon and select

beam to column joint.

Joint view Type

Members

[7]Beam2 (B4)
[¥]Column1 (B1)
Default settings of the joint:
Default v]
Cancel ] [ < Previous ] [ Next > ]
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Click NEXT. Select the Joint image.

rBeam—tu—columnjui

Beam connected to column flange

o .

Beam connected to column web

Web front Web back

[ Cancel ] [ < Previous “ Create... ]

Select the connection type: Moment end plate connection. Click Ok and CREATE.

-:I'ype of connection

=

Type of the selected connection:

Moment end-plate connection

Cancel | [ ok |

Joint details appear in a new window where numerous settings can be made. In the

following pages we would like to give you an overview about the Joint module
(CsJoINT) using the beam to column connection as an example.
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The #1 part in the image below contains general information about the joint: Joint
name, project, engineer, date, etc. These properties will appear in the joint
documentation and also useful to distinguish joints from each other. No. 2 part in
the image below shows the general type of the connection. Additional connections
can be added or removed if necessary. No. 3 part shows a tree structure about the

joint: all components of the connection can be seen and selected here.

GETTING STARTED

Automatic calculation

Summary of results of the whole joint

Right flange - Teherkombinacié-1 (P2)
Moment resistance:

Moment capacity:

Axial design resistance.

Shear resistance:

Shear capactty:

Dominant weld component:

Dominant weld capacity

Initial stiffness:

Joint details
[eneraloam
[=- Bolted moment end-plate co|
Column 1
je T
Stiffeners =t
Jaint loading Name: Balted moment end-plate connection
- Right flange - Moment e
Beam Comment: Eaves
End plate
Welds Engineer: Peter Walny
Date: 2008.10.07. @~
Safety factors
Eurocode (EN 1993-1) (=)
Joint configuration
Beam-to-column joint
IFype of comnection(s)
Rig’ + flange: Moment end-plate connection [
Web back Ho connection G
Web front Ho connection) G
Left flange HNo connection| [
Type of frame
Comment:
~) Braced A steel frame is qualified as stiffened, when the
bracing system decreases the horizontal
@) Unbraced displacements of the frame with at least 80%.
< n b
Document...

Secant stiffness for applied moment

Stiffness class:
Class of strength

Error-0 Warning-1 Hint-0

Warning: The haunch web thickness is less then the beam web thickness!

VjRe =691,14 kNm

54 % Adequate

hj.Ra = 2820,00 kN

Vj.Rd = 1005,95 kN

17 % Adequate

Flange weld on the lower haunch
53 % Adequate

£5n = 254622 98 kNmirad

5j.2ec = 254622,98 kNm/rad

Semi-rigid (91,7%)
Ful strength

(o= o

If the column is selected then column related properties of the connection can be
set like the section size and material grade (#1). Setting the position of the column is
also very important (#2). Furthermore the position of the reference plane is essential

for the joint calculation.
meaning of ‘Lsr’ and ‘Lc’ variables.

The image on the right gives a visual help about the

acio-1 (P2)

Joint details
Column
- Bolted moment end-plate co
Cross-section Material
- Stffeners HEA 400 +)ee]  [szs =+ )lee]
Joint loading Type of member Height of section [mm]
= Right flange - Moment &
Seam Uniform crosssecion + 390
End plate .
- Velds Parameters of cross-section
Property Value
Depth 350 mm
Viidth 300 mm
Vieb thickness ~ 11mm
Flange thidness 19 mm
Fillet radius 27mm
el— Automatic calculation
Summary of results of the whole joint
Position of column
[Right flange - T
(@) Column of tapmost storey / portal frame Moment resistance:
- Woment capacity
©) Column of an intermediate stor- « e e
Shear resistance:
Average height of column / storey L Sheat conacty
Dominant weld component
- som0
= o Dominant weld capacty:
o ntial stiffness:
S Secant stiffness for applied moment
Pogition of reference plane
Stiffness class:
s = 100 mm Class of strength:
Error-0 Warning-1 Hint-0
« il v
Document...

Warning: The haunch Web thickness is Iess then the beam web thickness!

W3R = 691,14 kiim

54 % Adequate

hjRe = 2820,00 kN

jRa = 1005,95 kN

17 % Adequate

Flange weld on the lower haunch
93 % Adequate.

8 in = 25462298 kmirad

8 sac = 254522,95 kNlmirad

Semi-rigid (91,7%)
Full strength

Co=1 [ =
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Stiffeners can be added if ‘STIFFENERS’ is clicked in the connection tree. Upper and
lower stiffener plate properties can be seen in the #1 part of the image below.
Additional web and flange stiffeners can also be put in (#2). In order to place shear
stiffener in the joint click on the #3 part. Bear in mind that the position of the
stiffeners are measured from the reference plane of the beam, which can be set if
the ‘Beam’ is clicked in the joint tree (see #4 image).

=] B_ulted moment end-plate co

(=) Right Flange - Moment &
L. Beam
*End plate
- Welds

Aukomatic calculation

Calculation

Summary of results of the whole joint: -

Right flange - Teherkombinacio-1 (P2)

Moment resistance:
Moment capacity:

Axial design resistance;
Shear resistance;

Shear capacity.

Dominant weld component:
Dominant weld capacty:

I,Rd = 631,14 khim
24 % Adeguate

i, e = 2620,00 kN

j,Rd = 100535 kN

17 % deguate

Flange weld on the [ower haunch
93 % Adeguate

Sjini = 254622,95 khmirad
Sjsec = 254622 95 khmrad

Inital siffriess
Secant sfiffness for spplied momert

Stitfness class
Class of strength

Semi-rigid (31 7%)
Full strength

Warning: The haunch web thickness Is Jess then the beam web thickness:

Error-0 Warning-1 Hint-0

€ m v

Document...

Pasition of beam

End plate properties can be edited in the #1 highlighted part of the image below.
Bolt properties can be seen on #2 part. Any changes made on the joint will take
place either when pressing Enter on the keyboard or by clicking to another editable
field on the window. If ‘Automatic calculation’ is turned on and any changes take
place then the calculation of the joint is automatically rerun. It can be turned off. In
that case click on the ‘CALCULATION’ button to run the calculation (#3). In the pull
down menu of the #3 highlighted part the type of the result visualisation can be set
to three different types: Summary for the whole joint, Summary for the selected
connection, Detailed results of the selected connection. In the last two cases a

connection must be chosen in the connection tree.
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loint details ==

End-plate

= Bolted moment end-plate co

L Column Width Height Thickness Material
i Stiffeners bp= 200 | hp= 1165 tp= 20 mm |sz3s =0

i+ Jaint loading
- Right flange - Moment &| ol

Beam
M20 (150 7412) - 8.3 | Mordiy...

Weids 1Bk hear is on the plate sic

Posiion of end-plate

Eiclts - harizontal spacing
[¥]one balt calurnn
Edge distance

wl= 44 mm

Pitch of holes

Aukamatic caloulation Caleulation
Vertical positions of balts
Number of balt rows g E Summary of results of the whole joint -
[T unifarm bolt distribution Right flange - Teherkombinacia-1 (P2)
Momert resistance: Mj,Rd = 769,02 kMm
Moment capacty: 48 % Adecuate
Pikch of hales: L) il desion resistance i, = 220,00 kil
&l 72 Shear resistance: j,Rd = 930,30 kN
ol 0 Shear capacity: 18 % Adequate
2 &0 Dominant weld component: Flange weld on the lovwer haunch
Dominant weld capacity 93 % Adecuate
2 e Initial stiffness: S ini = 351961 31 khimirac
p4 120 Secant stiffness for applisd moment Sj.zee = 361961 51 kNmirar!
ps 460
in e Stitfness class: Rigit!
Class of strength Full strength
Warning: The haunch web thickness is less then the beam web thicknesst
Error-0 Varming-1 Hirt-0
« M »

The result of the joint calculation can be seen in the #4 highlighted part of the
window. If the detailed result is selected then all the results of the necessary
calculations can be seen according to the selected load combination or according to

the dominant load case.

After creating the joint it is advisable to place it in the global model. To do so, use
the PLACE JOINT function of ConSteel. One joint can be placed to several places in
the model where the same geometry exists. After the joint is placed ConSteel
automatically import the loads from the global model.

7.2. STRUCTURE-JOINT INTERACTION

The most up-to-date structural design procedures take into account the mechanical
interaction between the global structural model and its connections (rigid, semi-rigid
or pinned) which generally makes the results more economic and realistic. However
this approach requires a more complicated relationship between the joints and the
structure and accordingly more serious modeling effort from the engineer. In the
ConSteel all the joint types can be defined freely or based on the global model
geometry using the automatic identification tool, which examines the position of the
connected members and the proper cross-sections and offer the possible joint types.
After defining the joint it can place back to the global model and the appropriate
connection stiffness can be automatically used in the global analysis, and a placed
joint is always rechecked based on the current analysis results.
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In order to place a joint to the global model click on the PLACE JOINT icon. iE
One joint can be placed to several places in the model if these meet the geometrical
requirements. The stiffness of the connection can also be taking into account during
the analysis if desired. In order to do so click on the analysis parameters and put a
tick to APPLY CONNECTION STIFFNESS. Rerun the analysis to the changes take
place.

Basic settings | Load combinatians | Load cases | Jaints |

Ultimate limit states
First order analysis
Second order analysis
Buckiing analysis
Upper limit of relevant bucking eigen values o
Bucking sensitivity
Vibration analysis

Hurber of dynamic eigenshapes considered in seismic analysis |

Serviceabilty limit states
First order analysis
Second order analysis

[ Calculate load cases

Indude connection stiffness

Cancel | [ Caluiation | [ Aeely

8. DOCUMENTATION

All icons which related to the documentation are placed in the documentation tab. 9.
The documentation can be generated if first icon is clicked. The documentation
wizard guides you through the documentation generating process.

o & o B

On the first window the name of the documentation can be set. The name appears

9.2.1.

on every page of the documentation. Other fields like the name of the project, the
name of the engineers and the date of the creation can also be set but would appear
only on the front page.

s =
MName of document:
Mame of project: | Getting Started Tutarial .
Mames of engineers: Peter Walny
Date of creation: .2? 07.2013.

Default language of documentation:.English LI

parated by semicolon.

lick into required field to define property
dding name of document is compulsory! The names of engineers should be

Mext > ][Canoel
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MNew document... (3/2)
Analyzis results
() First arder
@ Second order

() First and second arder

GETTING STARTED

The second step is to choose which of the analysis results need to be included in the
documentation. Any of the analysis results can be chosen if had been calculated

previously.

New document... (3/: g
Templates: Select al - Save
=} -

del of structure
M,

i [material

(-[¥]Bar members

i i[V]parameters of bar members
Sections

Parameters of tapered members
Parameters of haunch

Releazes (pins)

Placement data
Connection element
Releases applied in connection elements

m

| |Node-to-node connection elements 5

ﬁ rlamove tick from the chapters does not need to insert into the documentation!

[ < Previous ][ Create ] [ Cancel

]

The third window of the wizard includes the name of the chapters which can be

added to or can be removed from the documentation.

button the program will generate the documentation.
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Content | Pictures | Tables |A|J|Jt:ndict:s|

Tt AT T 0%

- Front page

- Contents
B 1. Madel of structure
7 1.1 Main data
1.2 Paints
1.3 Lines
- 1.4 Material
-1.5 Bar members
1.6 Loads
-- L.6.1 Load case and load groups
-- 1.6.2 Load combinations

088880

After creating the documentation it will be opened in a new window. At the top right
of the window the chapters can be seen. The chapters can be moved up or down
using the arrow icons if a chapter is selected. It is also possible to delete content
from document by clicking the third icon.

Text can be inserted anywhere in the document if you click on the fourth icon and
type in the desired text into the window. It is also possible to insert headings by
clicking on the fifth icon.

You can also insert page break anywhere in the document using the sixth icon. The
last three icons can be used for the following purposes: Edit heading and increase or
decrease level of heading.

The last two icons on the right are different if you click on a chapter or in a
paragraph. If you click on a chapter then the icons are as described above. If a
paragraph is clicked where there is a table the last icon can be used to delete any
column from the table. If you click on a paragraph which contains text then the last
two icons on the right can be used to edit the paragraph content and the alignment.

By clicking the PICTURES tab the image handling icons can be seen. Any of the taken
snapshots can be inserted into the documentation or can be deleted. The image will
be inserted below the selected paragraph.

The third tab is the TABLES. There are lot of possibilities in ConSteel where tables

E

saved tables can be inserted to the documentation or can be deleted from the

can be saved. If you see the icon then that table is saveable. Any previously

model database. The table will be inserted below the selected paragraph.
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The last tab is the Appendices. If any joint or section documentation had been
generated previously, these can be found here and can be added to the end of the
documentation. The appendices can also be deleted from the database.

IT SHOULD BE BEAR IN MIND THAT THE DOCUMENTATION NEED TO BE REGENERATED TO
BE UP-TO-DATE AFTER ANY CHANGES HAS BEEN MADE ON THE MODEL. |F THERE ARE
SNAPSHOTS IN THE DOCUMENTATION THESE SNAPSHOTS SHOULD BE TAKEN AGAIN AND
NEED TO BE ADDED TO THE DOCUMENTATION.

8.1 CREATING SNAPSHOTS

The second icon on the documentation tab can be used to take a snapshot of the
model. The snapshots can be easily added to the desired part of the documentation.

'Create snapshot... !u

Name of picture

-
Dimension of picture
a4 Portait -
Height [mm] 247
Width [mm] 180
et s
[ Print l [ Close ]

The size of the snapshot can be set and a dashed rectangle shows which part of the
model would appear on the picture. The model can be moved or rotated to fit into
the dashed rectangle.

8.2. SNAPSHOT MANAGER

The third icon on the documentation tab is the SNAPSHOT MANAGER where the
taken snapshots can be exported to a file or can be deleted from the model in order
to reduce model file size. The name of the images can also be edited by double
clicking the name of the image.
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Avalable pictures

Name of picture State of use

used

Bending Mement LC-19 not used

1. Figure:

Bending Moment LC-

8.3. MODEL INFORMATION

With using the fourth icon on the documentation tab the model information can be
viewed or can be exported to a file. The model information window shows the most
important features of the model like Number of bars, Number of supports, Total
weight of the structure, etc. The mass, surface and the length can be viewed for
each section in the model. The model information can be shown based on the full
model or on the current view if the model view shows only a part of the full model

using the sub model view.

(Modelinformation ==

Cefine model information
@ Based on the full model (") Bazed on the curent view

Main data

Mumber of bars 4 Total weight of structure [t] 346

Mumber of support 13 Total surface to be painted[m:2] W

Tatal lenath [m] W
Mame Mazz (1) Surface [m2) Length [m)
IFE 500 1.955 38.04 18,25
HEA 400 1.503 23 12
@
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