3. Check by Eurocode 3 a Steel Truss

Applicable CivilFEM Product: All CivilFEM Products
Level of Difficulty: Moderate
Interactive Time Required: 40 minutes
Discipline: Structural Steel

Analysis Type: Linear static
Element Type Used: LINK 1

Active Code: Eurocode 3
Units System: N, m, s

CivilFEM Features Demonstrated: Units selection, code selection, material
definition, section and code properties
definition, checking according Eurocode 3 and
results postprocessing.

Problem Description

B Given

This is a typical ANSYS/CivilFEM analysis; a 2D steel truss subjected to a force
applied at mid span. In this example we will introduce you to checking according
to Eurocode 3. We will use two different steel sections, which are shown in the
figure below, one defined from library and the other one by dimensions.

BF

A
A 4

LEQ 90x90x9 f T

DEPTH

Section 1 Section 2
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3-2

Section 1 (L) bars:

Section 2 (T) bars:

Bar 3
Bar 4
Bar 5
Bar 6

Bar1 T
Bar2 T
Bar7 1

Material

Loads

Section 1

Section 2

Steel Fe 430
F =500 kN

European L EQ 90x90x9

Welded T section

Truss Geometric Dimensions:

X=25m

H=15m

Section 2 (T) Dimensions:

DEPHT =0.15m
TW =0.01 m
BF=0.1m
TF=0.01m
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B Approach and Assumptions

This is a static analysis with 2D elastic elements and elastic material properties.

Model geometry is defined with nodes and elements.

B Summary of Steps

3-3

Preprocessing

[ERN
©

11.

© © N o s~ wDdh R

Preprocessing

Specify title

Set code

Set units

Define material

Define element type

Define Section

Define member properties
Define Beam & Shell properties
Define nodes and elements
Save the database

Solution

12. Apply displacement constrain

13. Apply force load

14.

Solve

Postprocessing

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

Enter the postprocessor and read results

Plot Axial Force X

Checking for Tension according to Eurocode 3
Review Elements OK and Not OK

List Eurocode 3 Criterion Results

Check for Compression according to Eurocode 3
Review Elements OK and Not OK

List Eurocode 3 Criterion Results

Check for Buckling Compression

Review Elements OK and Not OK

List Eurocode 3 Criterion Results

Exit the ANSYS program
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Interactive Step-by-Step Solution

1. Preprocessing

A typical CivilFEM analysis begins with providing data such as the units system,
active code, materials, element types, section and model geometry definition.

2. Specify title

Although this step is not required for a CivilFEM analysis, we recommend that
you make it part of all your analysis.

Utility Menu: File - Change title
[1> Enter the title: CHECK BY EC3 A STEEL TRUSS
[2>> OK to define the title and close the dialog box.

mchange Title 1 ﬁ
[/TITLE] Enter new title E>ICHECK BY EC3 A STEEL TRUSS

IE> oK I Cancel I Help |

3. Set code

In CivilFEM you can choose between different codes for checking and
designing. CivilFEM allows you to uphold different active codes simultaneously,
one for concrete calculations another one for steel calculations and a third one

for seismic design. In this example the active code is Eurocode 3, which is the
default option.

Main Menu: — CivilFEM — Civil Setup
[1> Select Civil Setup

AAA ANSYSManMenu  AAA|

[E Preferences
Preprocessor

& Solution

[ General Postproc
TimeHist Postpro
[ Topological Opt

[ Design Opt
E> Prob Design

& Run-Time Stats

(5 session Editor

Bl Finish

B - CivilFEM -

il Setup

[ Civil Preprocessor
[ Civil Solution

[ Civil Postprocesor
Seismic Design

[ Flac3D

[2>> OK to set active code and close the code dialog box | @ ceotechnical modue

Non Linear Concr
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K CivilFEM Setup Options x|

Codes IUnits | CF config | GUI contig |

[TCODESEL] Select Codes

Steelcode KEYSTEEL  |EwoCode No.3 =l

Reinforced concrete code  KEYCONCR l EurcCode No.2 Lj
Prestressed concrete code  KEYPREST IEuroCode No.2 L]
Seismic code  KEYSEISM IEuroCode No.8 _v_]

About | E> | oK | Cancel Help

4. Set units

In CivilFEM you must define a unit system. CivilFEM will need such a system to
perform calculations according to Code. You should maintain it during the entire
design. In this analysis, we will select Sl units, that is, meters, seconds and

newtons.
Main Menu: — CivilFEM — Civil Setup
F CivilFEM Setup Options x|
E> Choose UnitS Library E>'Unils | CF config | GUI config |

[*CODESEL] Select Codes

Steelcode  KEYSTEEL EuroCode No.3 ol
Reinforced concrete code KEYCONCR  |EwoCodeNo2 v |
Prestressed concrete code  KEYPREST IWI
Seismiccode  KEYSEISM  |EwoCodeNo®  v]

About ’TI Cancel Help
[2>> OK to accept units and close the units dialog box
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(- CivilFEM Setup Options

| Codes | Units | CF config | GUI config

[~UNITS]

System units [Irrtematianal system units

Define Unit System

Define material

[2>> Choose Materials

3-6

Length urit [L] | Meter m = m
Time uritt [T] Second 3 = |1 5
Force unit [F] | Mewton N = |1 M
Pres/Stress unit [F] | F=scal Pa = Fa
Mass unit [M] | Flogram ka = |1 kg
Monetary unit | Euro - Euro = 1 Euros
About E} OK | | Cancel | [ Hep

Main Menu: — CivilFEM — Civil Preprocessor —»Materials

[1> Select Civil Preprocess

CivilFEM Workbook. Ingeciber, S.A°

Material properties definition is performed with the CivilFEM ~CFMP command.
This command automatically defines the ANSYS material properties (density,
Young’'s modulus, Poisson’s ratio and thermal expansion coefficient) and the
CivilFEM material properties necessary for code checking. In this case we will
select Fe 430 steel.

The CivilFEM ~CFMP command allows us to define stress-strain diagrams, to
define safety coefficients, to control the linear or non-linear behavior of the
material and to select the activation time of the material.



AAMA ANSYS Main Menu AAA

L]

Preferences
Preprocessor
Solution

General Postproc
TimeHist Postpro

Topological Opt I’ Material Browser o ] 4 |
Design Opt flisial i
Prob Design
Run-Time Stats Hame | Reference | Mum | Tupe New < 3
Session Editor
Finish Delete |
- CvilFEM - _
Civil Setup ey |
B Civil Preprocessor
C
Element Types &I
2 Materials List
Cross Seckions _I
Shell Verkex Save |
Mermber Properties
Beam & Shell Properties Correlations |
Solid Section o
Yerif, Database SIS M

Update Database ActTime [28.00 Days Help |

Active Time

Geotech. mod.
Civil Solution
Civil Postprocesor
Seismic Design
Flac3D
Geotechnical module
MNon Linear Concr

[3> Pick new to define a new material

E> Choose Fe430 Steel and all the material properties corresponding to Fe430
steel are automatically calculated according to Eurocode 3 (active code)

E> Add to define material properties set and close the dialog box
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& New material | 2

Mumber 1|

=3 Structural stesd
EIC ECs

. - Fe 360
[4> 18 F= 220

T i Fe 510
b . F= E37R

¢ L. FeE3SE
G-C[Ef UNE
H--C[Ef ASTM
---C EA
+--C[8] BS5950
--C[E] GB50017
@ Concrete
-l Reinforcing steel
-5 Prestressing steel
% Soil
@ USER

e Oy O o O e O e PO |
[l . . s .o g

List user material file Help

Delete user material / file E} Add ] [ Exit ]

K Material Browser =10 x|

fel atznial lizt

M ame | Reference | Numl Type ke

I Fe 430 1 Structural steel

fd madify

Copy
List

Save

Cormrelations

[ sty |
_Cow |
[ e ]
[ ea |
e

Soitre fmz

ActTime IEB.IIII:I Days Help | IE> Ok
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6. Define element type

Checking and designing according to codes is only performed on CivilFEM
supported element types, although you can use any ANSYS element to define
your model, only the CivilFEM supported elements will be checked according to
codes. In the element type menu you can see the CivilFEM supported beam
elements.

We will use 2D Spar LINK 1 for this analysis.

Main Menu: — CivilFEM — Civil Preprocess —Element Types —Civil Beams
[1> Select Element Type 2D Spar LINK 1
[2>> Choose OK

Fi\Beam Element Types for Code Checking i x|

[ET] Beam Element Types for Code Checking

Element Type Number  ITYPE |1

Select Element Type ENAME

3D Taper Beam 44
3D Elost Beam 4
3D T-wal Beam 24

3D Lin. Beam 188

2D Elast Beam 3
2D Taper Beam 54

o
~

I

~

(" 3D Qua. Beam 189
~

.

(" 3D Spar Link 8
o

3D Spar Link 10

(" 2D Plast Beam 23

(" Elas straight 16

(" Plas straight 20
Label

IE> oK I Apply I Cancel Help
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7. Define section

We will use European L EQ 90x90x9 and it will be defined from the Library of

Hot Rolled Shapes Library

Main Menu: — CivilFEM — Civil Preprocessor —»Cross Sections

E> Click the Hot Rolled Button

F Cross Sections Explorer

Mum | Mame | Reference | Type | Shape

=101

Mew Section

1

Hot Rolled

Steel by Dimensions |
Steel by Plates |
Concrete |

User Data Base |

— Edit Sections

b odify |
Copy | Delete |
List | Save |
Mernge |

20 Mesh Sections

Capture 20 Mesh |
Export 200 b esh |

Stz fimz

ActTime |28-DD Days

Help

| it |

E> Select L Angles group.

E> Select European L EQ

[4> Select L 90*90*9 Shape

[5 > OK to define Cross Section 1

3-10 CivilFEM Workbook. Ingeciber, S.A°




F Hot Rolled Shapes Library 3 & ||:||_>£|

v x HB|% la |l
J Number I‘I :I Name IL 90 x 90 x 9 Material I1 :I
- O Pipes -]
AE>Ang[es Dimensions ———
Europn L EQ
& L100x100%10 &
» L100%100%12 b [s0.000E-03  |n
& L100x100%8
& L110x110x10 w [5-000E05  |m
& L110x110x12 505000E-03
o L1204120410 gl o0.000E03 8
& L120x120x11
o L120x120412 i o-0o=0s [
» L120x120%15 Y
» L140x140x10 z
» L150x150x10
& L150x150x%14
» L150x150%15
& L150x150%18
» L160x160%15
& L160x160%17 Properties
& L180x180%16
» L180x180%18
> L2005200%16 A [L.552E-03  |p? wy [17.930E-06 |3
» L200x200%18
> L200%200%20 = oo [a1.553E-03 ] we [17.930e-05 |53
& L200x200%24 4 3
S W e wey [
R S A
E}Europn LUNG
® USIn L xx v
| | »
4
F Cross Sections Explorer o ] |
— Mew Section
Murn | Marne | Reference | Type | Shaps |
I 1 L30x90x3 L 90:90x3 Structural stesl L Angle

E Steel by Dimengions

] Steel by Plates |
Concrete |
User Data Base |
r Edit Sections
[ odlify |
Copy | Delete |
List | Save |
erge |

— 2D Mesh Sections

Capture 20 Mezh |
Export 200 Mesh |

Aciive tims

ActTime |28.DD [raps

Help | Bit |
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Now, we are going to define section 2. It's a welded T section so the steps we
must follow are:

E> Click the Steel by Dimensions button.

E> Select T shape

Enter Depth: 0.15

[9>> Enter Web Thickness: 0.01

Enter Flange Width: 0.1

@ Enter Flange Thickness: 0.01

@ Enter Weld Throat Thickness: 0

@ Picking with the right button section shape will be drawn.

[12> OK

[15> Exit to close cross section explorer

¥’ New Steel Section by Dimensions .
' v x B2 “ Number |2 'I Name I Material ,1_ ;I

Section shape

Shape |? T 'I | |

Section dimensions —

Depth |0.15 m

Z
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F Cross Sections Explorer ] 3

~ Mew Section

Mum | Mame | Fieference | Type | Shape |

Hot Ralled |
I 1 La0=90=9 L 90=90x9 Structural steel L Angle

I 2 Structural Steel Structural steel T Simple T

Steel by Plates |
Caoncrete |
User Data Base |

~ Edit Sections

I odify |

Copy | Delete |
List | Save |
Merge |

20 Mesh Sections

Capture 20 Mesh |
Ezport 20 Fesh |

Activatims

ActTime IZB.DD Days
Help @ Bt |

8. Define member properties

You only have to define the code properties needed for the checking you are
going to accomplish. In this problem the member properties definition is
necessary to check for compression buckling.

Main Menu: — CivilFEM — Civil Preprocess -»Member Propertie..

E> Pick on New Property to define properties for diagonal elements.

F Member Properties explorer

felzmbar oronerizs i

Mumber | MName | Reference

Exit

Help |
e
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VAVAVAVAY.

(- Member Property 1: Diagonal Members

Enter 1.95 as Length Between Lateral Restraints

Do not consider Lateral Buckling as a Potential Failure

Enter “Diagonal Members” as Name

Consider Eurocode 3 Y Axis as CivilFEM —Z Axis

OK

General properties

Mumber |1

E>lame Diagonal Members

Code properties

EC3-200% | NLC

[2>1

Ko

Eurocode Mo.3 Properties:

1.850

1.000

0.000

1.000

1.000

1.000

C 1.

E> LatBuck [ Allowed

CiBuckx!', 1.

000

000

aaa

0aa

0aa

[65 ok | [ cacal | [ Hep

Now we introduce code properties for section 2, (horizontal elements).

E> Click New property to define properties for beam elements

3-14
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F Member Properties explorer

fl2mnber oronerizs liz

MNurnbier | Narne | Reference |

*
”21 1 Diagonal Members 7

Delete

Copy

bl

List

Help

E it

i

Enter 2.5 as Length Between Lateral Restraints

E> Do not consider Lateral Buckling as a Potential Failure
Enter “Horizontal Members” as Name

@ Consider Eurocode 3 Y Axis as CivilFEM —Z Axis

[12> OK

F Member Froperty 2: Horizontal Members M= E3

Liznaral oronsijs:

Mumber |2 tame |Hnriznntal Menbhers

Coclz pronarijz:

EC3 |nic |

Euyrnnadds (o 5 Fronsiz s

L s w ¢ frooo

kKw [L.oo0 c, [Looo

C, [0.000 Cy [Looo

Betakdyp IW Betakdz ’?
Betakdlt IW Psivec W
CfBuck,, [L.000 Ciuck,, [L.000
IE>LatBuck [ Allowed @ Chekewis  |SEAEGG——_— -

:::F kK | Cancel Help |
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E3> Exit to close member properties explorer

F Member Properties explorer

ilzmizr nranzzs iz

Humber | Mame | Reference
*

L 1 Diagonal Members

*

L 2 Huorizomtal Members

 Mew:

Hew Property |

— Edit

Copy |
List |

Help |
@ Exit |

9. Define Beam & Shell properties

3-16

CivilFEM command ~BMSHPRO will be used to define ANSYS real constants.

Main Menu: — CivilFEM — Civil Preprocessor -»Beam & Shell pro
E> Click the New Beam button
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¥ Beam and Shell Froperties

MHumnber | M ame

| Reference | Tupe

1

=

W

Mews Beam |
New Shell |

—Edit:

el iy |

Capy |
List |

Help |
Exit |

E> Select cross section number 1

E> Enter “L Bar” as name for the Beam property
[4> Select element type LINK1
E> Select Member Properties number 1

E> Select EC3 as Member Properties Type to visualize the defined properties

3-17
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(@ Beam 1: L Bar | = | = ES

oy
8 & 7 Number 1 v Neme L Bar <3 Beme k1 <A o [coc -]
Cross Sections Member Froperties Mumber
Constant Section IE>
T y Member Propeties Type
!
I X
Z

Properties:
K
Kn
¢
[0 ]
C3
By
. Bz
Y B e
z

Fyec
LatBuck

| Cross Section

Crbuck

Node | location |:> =
7 CrBuck

v [25%002 " Real Constants ¥z
z [254e002 |m ChokcAds

E> You can review the ANSYS real constants modified by CivilFEm by clicking on the
Real Constants button

F Real Constants Set x|

Real Constants:

AREA | 1.552E-03
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Apply to create new Beam Properties

E> Select cross section number 2

Enter “T Bar” as name for the Beam property
[12> Select element type LINK1

@ Select Member Properties number 2

@ Select EC3 as Member Properties Type to visualize the defined properties

@ Beam 2: T Bar

= |8 =

Name T Bar

: Numb@ -

Cvox BO7

Erame LNK1 v  Offsst [COG

Cross Sections

Cross Section
Node | location EA}\/
vy |-4.875-002 - Real Constants
Z |F160272e010 |

Member Properties Mumber

=
(7]
3
o
@
=)
o
=
3 ™
2
&
it
k=
1]
1

:

™
(]
F ow
= = - = =) = = = ra
o o
4

Properties:

(xR
- = = —
3

[w]
=]

B Mz

B e

=]

Fec

LatBuck | Mot Allowed
1
CfBuckx),

CfBuck,, |1

Chehfuis Z

button
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Again you can review the ANSYS real constants by clicking the Real Constants



¥ Real Constants Set )

Real Constants;

ARES | 2.400E-03

E5> OK to define Beam & Shell properties number 2

Exit to close window

F Beam and Shell Properties

MHumber | Mame | Reference | Type
ﬁ 1 L Bar Conztatt
ﬁ 2 T Bar Constant

— Mew:

Mew Beam |
Mew Shell |

—Edit:

Copy

List

Help

=
=

Exit |
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10. Define nodes and elements

The model geometry is defined by direct elements and node generation. We will
use the working plane to introduce the node coordinates.

Once we have defined the nodes we will assign a section to each element.
Utility Menu: WorkPlane —Display WP

Before we begin it is necessary to turn on the working plane and zoom out until
we see all the created nodes.

Utility Menu: WorkPlane -WP Settings
[1> Click on Grid and Triad
E> Enter 0.25 for snap increment
[3>> Enter 0.5 for Spacing
[4> Enter -5 for Minimum
[5 > Enter 5 for Maximum
E> OK to define settings

WP Settings §

(¥ Cartesian
1 = Palar

& Triad Only

¥ Enable Snap

PT: mE IE> Shap Incr 0.05
Shap &ng |5
IE> Spacing I':'-1
MiriirniLirn |-1 ::I
|E> [ |1
Check by EC3 a Steel Beam Tolerance II:I.EII:G
o e |

Fiezet | Cancel

Help |
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Windaw I 1 'l
o ml lzo

il Utility Menu: PlotCtrls —>Pan, Zoom, Rotate
a Iq
il

Back Up

m
(=]
=

£l

Left

!
=

E

Zoom

ili
it

[7>Z0om out till you see the

/in Zoom entire Working Plane

Box Zoom

L
v

o i
?||l®
s|lo|l
pa ||| <

30

L~
L

ol

Rate
[~ Dynamic Mode
= hiodel € Lights

Fit Feset

fl:
ile

Cloze Help

Main Menu: Preprocessor— Modeling — Create -Nodes -0On Working
Plane

Pick Node 1 on Working Plane: X=0, Y=0

E> Pick Node 2 on Working Plane: X=2.5, Y=0
Pick Node 3 on Working Plane: X=5, Y=0

@ Pick Node 4 on Working Plane: X=1.25, Y=-1.5
@ Pick Node 5 on Working Plane: X=3.75, Y=-1.5

[13> OK
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Civil

Create Nodes on WP
(¢ Pick (" Unpick
Count = o
Maximum = 1000
Minimum = 1
WP X =
b'd =
Global X = T
= [8>5ws | o> 10> ¢
L L=
=
(" WP Coordinates
(¢ Global Cartesian |_1_1\ |_1_2\ s
L L

::5 (1)3¢ I Apply |

Reset

| Cancel |

Help |

CHECK BY EC3 A 3TEEL TRUSS

First we activate the first section type, the, “L” section. CivilFEM considers
section 1 data like a real constant set 1 so we need to assign the real constant
1 to the elements with section 1 through the REAL command.

Main Menu: Preprocessor— Modeling -»Create -»Elements — Elem
Attributes

OK to assign section 1 to the diagonal beams

Fi\Element Attributes N x|

Define attributes for elements

[T¥PE] Element type number

[MAT] Material number

[REAL] Real constant set number

[ES¥S] Element coordinate sys

[SECNUM] Section number

INone defined LI

3-23

[TSHAP] Target element shape

12> o |

Cancel |

IStraighi line j

Help |
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We define the elements with section 1, (bars 3, 4, 5 and 6)

Main Menu: Preprocessor— Modeling -»Create ->Elements — — Auto
Numbered — Thru Nodes

[15> Pick the first two nodes like in the figure below

Apply

4V ANSYS Graphics =]

Elements from Nud

% pick T Tnpick

= Single " EBox

€ Polygon " Circle

[ Lo
Count = z i
Maximum = 20 E&EZ—I‘X 2 2
Minimam = 1
Node No. = 4
o d 5
152

{* List of Items

i Min, Max, Inc

0K App 1y

Beset Cancel TRUSS

Piglz A11 Help

Follow this process with nodes 4-2, 2-5, and 5-3 to create the rest of the
elements.

@ Pick nodes 4-2 and click Apply
Pick nodes 2-5 and click Apply
Pick nodes 5-3 and click OK
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4V ANSYS Graphics _ (O] =]

Elements from Node

{* pick [ Tnpick

i~ Single " EBox

| bolygon { Circle

i Lioap
Count = 0 I
Maximuam = z0 - % — b L
Minimum = 1 Q?QS @
Node Mo. =

[ 5{-4] [18%.290
{* List of Items |_1_7/ L]_'8/;hf<j“kg:|7

i Min, Max, Inc

w 0K | Apply
[19> 5

Beset | Cancel

TRU3S

Pilgl E1L | Help |

We use the same procedure to assign section 2 to the rest of the elements,
(bars 1,2 and 7).

Choose real constants set 2

[22> ok
ﬁ

Define attributes for elements

[T¥PE] Element type number I 1 LINKL LI
[MAT] Material number Iﬁ
[REAL] Real constant set number v

[ESY¥S] Element coordinate sys Iﬁ

[SECNUM] Section humber INone defined j

[TSHAP] Target element shape |51raigh1 line LI

@ oK | Cancel | Help |
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Repeat this process with nodes 1-2, 2-3, and 5-4 to create the rest of the
elements. Bar 7 needs to be introduced as 5-4 to invert section position (flanges

at bottom).
¥ ANSYS Graphics =]

7

CHECK BY EC3 A 3TEEL TRUZSZ

Pan-Zoom-Rokal

Now we adjust the graph.

Utility Menu: WorkPlane —Display WP

Zoom | Back U |
Utility Menu: PlotCtrls -»Pan, Zoom, Rotate | :

@ Fit A
E3> Close ﬂEﬂEIH

(X-6]
Utility Menu: Plot -Elements

30
B B

Rate

[T Dynamic Mode
& Model € Lights

25 | e |
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Finally, we can check that all elements have their corresponding section type by
numbering the real constants set:

Utility Menu: PlotCtrls ->Numbering
Choose Real const num

B> Ok
mPlot Numbering Controls n X1

[/PNUM] Plot Numbering Controls

KP  Keypoint numbers [ off

LINE Line numbers [~ off

AREA Areanumbers [~ off

YOLU Yolume numbers [~ off

NODE Node numbers [~ off

Elem / Attrib numbering Real const num

TABN Table Names [~ off

SYAL Numeric contour values [~ off

[/NUM] Numbering shown with IColors & numbers :I
[/REPLOT] Replot upon OK/Apply? |Replot Ll

@ oK I Apply Cancel | Help |

l CHECK BY EC3 A STEEL TRUSS
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Before moving to the next step, we will save all we have done so far. The save
operation will save the database to file.db and file.cfdb

Toolbar: CFSAVE
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B Solution

In this step we will define the analysis type and its options, apply loads and
initiate the finite element solution. A new, static analysis is the default option, so
we will not need to specify analysis type for this problem. Also, there are no
analysis options for this problem.

12. Apply displacement constraints
We will constrain all DOF at the left end of the truss

Main Menu: Solution — — Define Loads — Apply — — Structural —
Displacement - On Nodes

[1> Pick the left end of the truss

[2> Apply

[3>> Choose All DOF to be constrained

[4> OK

Apply LROT on No

o pick {~ TUapick

o) Single { Baox

" Polygon " Circle
« Loop

Count =

1
Maximum = =
Minimum = 1

1

Node No. =

¥ List of Items

f" Min, Max, Inc

0K ___ > Apply |

Beset | Cancel |

CHECK BY EC3 A STEEL TRUSS

Pick All Help |
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[iVaoply uRor onodes x

[D] Apply Displacements (U,ROT) on Nodes
Lab2 DOFs to be constrained IE> All DOF

Apply as IConstani value :J
If Constant value then:

YALUE Displacement value I
E> oK | Apply Cancel | Help |

We will constrain Uy displacement at the right end of the truss

Main Menu: Solution —» — Loads — Apply — — Structural — Displacement
— On Nodes

[5 > Pick the right end of the truss

[6> Apply

[7>> Choose UY to be constrained

[8> OK

Apply U,ROT on Nodes

* pick ~ Unpick

i+ Single " Box

" Polygon " Circle

[ Loop

Count = 1

Maximum = & . 2 <5:|
Minjmum = 1

Node No. = 1

f* List of Items

i Min, Max, Inc

0E (6 >hpply |

RBeset | Cancel |
Pick Alll

Help |

CHECK BY EC3 A STEEL TRUSS
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I\ apply UROT on Nodes N |
[D] Apply Displacements {(U,ROT) on Nodes
Lab2 DOFs to be constrained AllDOF

E>UX

Apply as IConstant value j

If Constant value then:

YALUE Displacement value l
oK | Apply Cancel I Help |

13. Apply force load

Main Menu: Solution - — Loads — Apply— Structural »Force/Moment — On
Nodes

[1> Pick on the mid span of the truss

[2> OK

{* pick [ Tnpick

v Single " Box

" Palygen " Circle
r Loop

Conat =
Maximam =

Minimuam =

I T B

Node MNo. =

{¢ List of Items

" Min, Max, Inc b 1 ¥

2
: ; 0K Apply

RBaset Cancel

Pick 21l Help

CHECK BY EC3 A STEEL TRUSS
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E> Choose FY as direction of force
E> Enter force value:; -500000

[5> OK

mnpply F/M on Nodes X]
[F] Apply ForcesMoment on Nodes
Lab  Direction of force/mom IE> I,.-y vl
Apply as IConstanf value LI
If Constant value then:
YALUE Force/moment value E>I.500000
|E> (0] | Apply Cancel I Help |
Civil
5z U8 2 l 2
1 1 1 1

CHECK BY EC3 A STEEL TRUSS
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14. Solve

Utility Menu: ANSYS Main Menu —Solution — — Solution — Solve current LS

> oK
x

[SOLYE] Begin Solution of Current Load Step

Review the summary information in the lister window (entitled "/STATUS
Command"), then press OK to start the solution.

E> ............. = o T

li\/sTaTUs Command N x|
File
SOLUTION OPTIONS
PROBLEH DIHEMSIONALITY. . . . ... .. .. .. 2-0
DEGREES OF FREEDOH. . . . . . Us UY
BNALYSIS MPE: oo fivas bosn s &F STRTIC (STEADY-STATE)
GLOBALLY ASSEHBLED HATRIX . . . . . . . .. .. SYHHETRIC

LOAD STEP OPTIOHS

LOAD STEP WUMBER. . . . . . . .. ..o oo 1
TIHE AT END OF THE LOAD STEP. . . .. ... .. 1.0000
HUHBER OF SUBSTEPS. . . . . . ... ..o o 1

STEP CHANGE BOUNDARY COMDITIONS . . . ... .. HO
PRINT QUTPUT CONTROLS . . . . . o o o o o h o HO PRINTOUT
DATRBASE OUTPUT CONTROLS. . . . . . o v v W W ALL DATA HRITTEH

FOR THE LAST SUBSTEP

Lot x|

@ Solution is done!
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Postprocessing

Postprocessing is where you review the analysis results through graphic
displays and tabular listings.

15. Enter the postprocessor and read results
Main Menu: — CivilFEM — Civil Postprocess —»Read Results —» By Load Step
Enter 1 in the Load Step number box

OK to read load step 1

I\\Read Results by Load Step Number x|

[~CFSET] Read Results by Load Step Number

Load step number LSTEP E> I 1
Substep number SBSTEP ILAST
Alternative number ALT I FIRST v I

IE> oK | Cancel | Help I

16. Plot Axial Force X

Main Menu: — CivilFEM — Civil Postprocess —»Beam Utilities - GRAPH
RESULTS: Forces & Moments

[1> Choose Axial Force X

[2> OK

mGraph Force and Moment Results g 1‘

[~PLLSFOR] Graph Force or Moment
Select Ttem to Graph ITEM.COMP

Optional scale factor  FACT

E> oK | Apply Cancel I Help |
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ANSY S Main Menu

=]

K3

Preprocessor

Solution

General Postproc

TimeHist Postpro

Topological Opt

ROM Tool

Design Opt

Prob Design

Radiation Opt

Run-Time Stats

Session Editor

Finish

CivilFEM

Civil Setup

Civil Preprocessor

Civil Solution

Civil Postprocesor

Result Summary

Alt. to Write

Read Results

Beam Utilities

Shell Utilities

Combine Results

Envelope Results

PreDesign

[ Code Checking
Eurocode No.2
= Eurocode No.3

B Check by code

Compression

[+

TEEL TRU3S

17. Checking for Tension according to Eurocode 3

LINE STRESS
STEP=1
SUB =1
TIME=1

CFETAB_ICFETAE_J

MIN =-325427
ELEMFZ

MAX =416667
ELEM=7
-325427
-242972
-160517
-78062
4392
86847
169302
251757
334212
416667

A000E00EN

I/Sign criterion

We are going to check the elements for tension according to Eurocode 3
provisions. We will check considering the CivilFEM -Z axis as the principal axis
or Y axis for Eurocode 3.

i

i+

Main Menu: — CivilFEM — Civil postprocess —»Code checking -»Eurocode 3
—CHECK BY CODE -Tension

[1> OK for Eurocode 3 checking
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mtheck Model Results by Eurocode No.3 3 X]

[~CHKSTL] Check Selected Elements by Eurocode No.3
Tension (Art.5.4.3)

Eurocode No.3 ¥ Axis CHCKAXIS ICiviIFEM ST A LI

Way to obtain the class CLASSMOD |parﬁa| - I
oK | Cancel | Help |

18. Review Elements OK and Not OK

In the OK/Not OK graphs, elements that satisfy the code specifications for the
requested check are plotted in green, while those that do not satisfy are plotted
in red. Elements plotted in gray are elements that have not been checked.

Main Menu: — CivilFEM — Civil postprocess —»Code checking -»Eurocode 3
—BEAM RESULTS: Plot results

[1> Choose Elements OK/ Not OK

[2> OK

m{iraph Steel Results . i]
[~PLLSSTL] Groph Steel Results
Select Ttem to Graph  ITEM

Nsd/Nt.Rd
Total Criterium

I Element OK

Optional scale factor  FACT Il
IE> oK | Apply | Cancel | Help |
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EUROCODE 3 RESULTS AN

and Elements no OK ClVlI

CHECK BY EC3 A STEEL TRUSS

19. List Eurocode 3 Criterion Results

Main Menu: — CivilFEM — Civil postprocess —»Code checking -»Eurocode 3
—BEAM RESULTS: List results +

[1> Pickall
2> ok

mList Steel Results 5'
List Steel Results <
[~PRSTL] List Steel Results
Results Level

* pick £ Unpick

* Single " Box

" Polygen (" circle
i« Lo

" Detailed

Count = 0
Maximun

Minimun

nonoou
i

Elem No.

[2> o | Cancel | Help |

(% List of Items

- Min, Max, Inc

(n) 4 I Appliy |
Ieset | Cancel |
Pick 2ll | Help |
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[3> To list both nodes pick Both
[4> Select ALL Results to list all the available results

5> OK

Ia\List Steel Results i X
[~PRSTL] List Stress Results
Select Node or Solid section

Selection
(" Node I
" Node J

E>a‘

" All Solid

(" Solid Sec. Num

Solid Section Number I
Select Ttemto List  TTEM E>

Effective
Compression

|ALL

IE> oK | cancel | Help |

AN Civil

STRUCTURAL STEEL CHECKING RESULTS
Alternative 1

EC3 - TENSION (5.4.3)

[Element|Node|CLASS | NSD | NTRD | CRT_N [CRT_TOT| NPLRD | NURD

1 [ 1 [1.000E+00 [325.427E+03 [383.000E+03 [838.730E-03 |838.730E-03 [338.000E +03 [480.499E+03
J [1.000E+00 [325.427E+03 [388.000E+03 [838.730E-03 |838.730E-03 [338.000E +03 [480.499E+03
| [1.000E+00 [325.427E+03 [388.000E+03 [338.730E-03 [838.730E-03 [388.000E+03 [480.499E+03
J [1.000E+00 [325.427E+03 [388. 000E+03 [838.730E-03 |838.730E-03 [388.000E +03 [480. 499E+03
[
==

[1.000E+00 (416,667 E+03 [00.000E+03 [694.444E-03 [694.444E-03 [B00.000E+03 [743.040E+03

{
[ 1
[ a4 |
[ 4 |
[ 7 |
[ 7 [ J [1.000E+00 (416,667 E+03 [00.000E+03 [594.444E-03 [694.444E-03 [B00.000E+03 [743.040E+03

In the previous list we can see the Eurocode 3 Criterion for checking in
accordance with the provisions of Article 5.4.3 (tension). Elements with a
Eurocode 3 Criterion (CRT_TOT) greater than 1 are not OK elements, plotted in
red. On the other hand, elements having a Eurocode 3 Criterion less than 1 are
valid elements and are plotted in green. Elements 2, 3, 5 and 6 are not checked
because they are in compression
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20. Check for Compression according to Eurocode 3

We are going to check the elements for compression according to the Eurocode
3 provisions. We will check considering the CivilFEM -Z axis as the principal
axis or Y axis for Eurocode 3.

Main Menu: — CivilFEM — Civil postproc -Code -»Eurocode 3 -CHECK BY
CODE - Compression

[1> OK

ANSY S Main Menu

Solution

General Postproc

TimeHist Postpro

Topological Opt

ROM Tool

Design Opt

Prob Design

Radiation Opt

Run-Time Stats

Session Editor

Finish

CivilFEM

Civil Setup

Civil Preprocessor

Civil Solution

[ Civil Postprocesor
Result Summary
Alt. to Write
Read Results
Beam Utilities
Shell Utilities
Combine Results
Envelope Results
PreDesign
[ Code Checking

Eurocode No.2
B Eurocode No.3

Tension

Bending
Shear

B Check by code

ompression

[ I TR W

Ii\check Model Results by Eurocode No.3 ¥ |
[~CHKSTL] Check Selected Elements by Eurocode No.3
Compression (Art.5.4.4)

Eurocode No.3 ¥ Axis CHCKAXIS lCiVi IFEM -Z Axis :.I

Way to obtain the class CLASSMOD IDartial v I
E> oK l Cancel I Help |

21. Review Elements OK and Not OK

Valid elements are plotted in green while non-valid ones are plotted in red.

Main Menu: — CivilFEM — Civil postproces -»Code checking -»Eurocode 3
—BEAM RESULTS: Plot results

[1> Choose Element OK

[2> OK

Fi\Graph Steel Results e eS|

[~PLLSSTL] Graph Steel Results

Select Ttem to Graph  ITEM

Optional scale factor  FACT

IE> oK | Apply | Cancel | Help |
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EUROCODE 3 RESULTS

and Elements no OK

CHECK BY EC3 A STEEL TRUSS

Civil

22. List Eurocode 3 Criterion Results

Main Menu: — CivilFEM — Civil postproces -»Code checking -»Eurocode 3
—BEAM RESULTS: List Results+

[1> Pick all
[2> oK

List Steel Results

% pick £ Mapick

o) Single " Box

O Polygon (' girele Ii\List Steel Results 3

£ Loop [~PRSTL] List Steel Results

Count = O Results Level

Maximum = 7

Minimum = 1 e, o
Elem No. =

¥ List of Items

- Min, Max, Inc

(" Detailed

E> oK | Cancel | Help |

(n]34 I Apply |

Reset | Cancel |

E> Pick ALL
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[4> Select ALL Results to list all the available results

5> OK

must Steel Results 3

[~PRSTL] List Stress Results
Select Node or Solid section
Selection

Solid Section Number

Select Item to List

ITEM

|E> OK |

4>

" Node I

" Node J

¢ All Solid

(" Solid Sec. Num

—

Effective
Compression

Cancel |

IALL

Help |

STRUCTURAL STEEL CHECKING RESULTS

Alternative 2
EC3-05 - COMPRESSION ( 6.2.4)

Element

Node

CLASS

NED

NCRD

CRT_N

CRT_TOT

AREA

2

3.000E+00

325.427E+03

385.000E+03

§38.730E-03

838.730E-03

1.552E-03

3.000E+00

325 42TE+03

358.000E+03

838.730E-03

838.730E-03

1.652E-03

3.000E+00

325 42TE+03

385.000E+03

§38.730E-03

838.730E-03

1.552E-03

3.000E+00

325 42TE+03

386.000E+03

§38.730E-03

838.730E-03

1.552E-03

4.000E+00

208.333E+03

580.891E+03

358.644E-03

358.644E-03

2324E-03

4.000E+00

208.333E+403

580.891E+03

3568.644E-03

358.644E-03

2.324E-03

4.000E+00

208.333E+03

580.891E+03

358.644E-03

358.644E-03

2.324E-03

[ O T 6 TS I IS T

| = | = | = |G| = | = | =

4.000E+00

208.333E+03

580.691E+03

358.644E-03

358.644E-03

2.324E-03

As we explained before, the elements with a criterion greater than 1 are not valid in

accordance with Eurocode 3.

23. Check for Buckling Compression

We are going to check the elements for buckling compression according to the
Article 5.5.1. provisions of Eurocode 3. We will check considering the CivilFEM -
Z axis as the principal axis or Y axis for Eurocode 3.

Main Menu: — CivilFEM - Civil postproc -Code checking ->Eurocode 3
—CHECK BY CODE Compression Buckling
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[3> OK

ANSY S Main Menu

Run-Time Stats
Session Editor
Finish
CivilFEM
Civil Setup
Civil Preprocessor
Civil Solution
[ Civil Postprocesor
Result Summary
Alt. to Write
Read Results
Beam Utilities
Shell Utilities
Combine Results
Envelope Results
PreDesign
[ Code Checking
Eurocode No.2
(] Eurocode No.3
B Check by code
Tension
Compression
Bending
Shear

Beam Results
M s

Bending+Shear
Bending+Axial
Bend+Axial+Shear
Lateral Bucking
Bnd+Tens Bucking
Bnd+Comp Bucking

L |®

ml:heck Model Results by Eurocode No.3 ki
[~CHKSTL] Check Selected Elements by Eurocode No.3

Buckling resistance of compression members (Art.5.5.1)

Eurocode No.3 ¥ Axis CHCKAXIS

Way to obtain the class CLASSMOD

[3>ec |

I Partial v ]
Cancel |

Help I

24. Review Elements OK and Not OK

Valid elements are plotted in green and non-valid ones are plotted in red.

Main Menu: — CivilFEM — Civil postproces -»Code checking -»Eurocode 3
—BEAM RESULTS: Plot results+

[1> Choose Elements OK
[2>> Choose basic level results and click OK

mGraph Steel Results i x|

[~PLLSSTL] Groph Steel Results
Select Ttem to Graph  ITEM

Optional scale factor  FACT

IE> OK |
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Apply |

‘Compression Buck

I Element OK

—

Cancel | Help I
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TEUROCODE 3 RESULTS ALT 3 COMPRESSIOM BUCKL IRMG

Elementz OK and

X,
.
b

CHECE BY EC3 A STEEL TRUSS

25. List Eurocode 3 Criterion Results

Main Menu: — CivilFEM — Civil postproces -»Code checking -Eurocode 3
—BEAM RESULTS: List results+

[1> Pick all
[2> Basic

List Steel Resulg

& pi . . !
Fask ® Fi\List Steel Results i |
@ Zingle (" Box [~PRSTL] List Steel Results
{ Polygon (" circle Results Level
~
Count = a
Maximum = 7 " Detailed
Minimum = 1
Elem Ho. =

(¢ List of Items IE> oK | Cancel Help

" Min, Max, Inc

0K | Apply |

Deset Cancel |

E> Pick 9_11| Help |

[3 st both nodes pick Both
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[4> Select ALL

5> OK

o R

[~PRCOM] List Concrete Results
Select Mode or 5olid section

Selection
(7 Meodel
(71 Mode )
IE>- Both
(71 All Solid
(7 Solid Sec. Mum

Solid Section Mumber I:I
Select em to List  ITEM (4> PIrEr—

ALL

S o |

STRUCTURAL STEEL CHECKING RESULTS

Alternative 3
EC3-05 - COMPRESSION BUCKLING ( 6.3.1)

Element|Node| CRT_CB
2 I 1.181E+00

J[1.181E+00

| [1.181E+00

J[1.181E+00

I 1.152E+00

J

|

J

1.152E+00
1.152E+00
1.152E+00

[ae T I e o S T P O PRy 8

3-44 CivilFEM Workbook. Ingeciber, S.A°



In the previous list we can see the Eurocode 3 Criterion for buckling of

compressed members. In that list, elements are only checked in compression,

that is, elements 2, 3, 5 and 6. All these elements exceed that criterion.

Elements 1, 4 and 7 are in tension.

26. Exit the ANSYS program

(1>
2>

3-45

Utility Menu: File ->EXxit
Pick on Save Everything
OK

ma-tit from ANSYS 5

- Exit from ANSYS -
(" Save Geom+Loads

(" Save Geo+Ld+Solu

.............................................

" Quit - No Save!

E> (8] | Cancel | Help
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