GiD12.0.5 - SAFIR Exercise 08 / Octobre 2016

Example of GID-SAFIR

Structural Analysis

Exercise n°8 — 3D Hall
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This example is a 3D frame composed of IPE550 beams and HEB220 columns. Only the central IPE550 beam

is exposed to ISO fire.
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1. Create a project for a 3D structural analysis

From the pull down menu select:

>  Data->Problem type->SAFIRxxx->Safir_Structural_3d

B0 Safir_Structural 3D Project: UNMAMED (SAFIR2012\Safir_Structural_3d) o= =
Files View Geometry Utilities Mesh  Calculate  Help
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Examples L4
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Properties SAFIR2012 Safir_Structural_2d
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Safir_Thermal_2d
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Problem Data . Safir_Thermal_3d
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Debugger...
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Leaving read file function ol
G conditicns read. 3 materials read El
Command: | B+

To save the project select (or use icon on the left):

> Files->Save or @ or [Ctrl + 5]

Enter a file name, eg.: Hall1_3D
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2. Create the system geometry

Change to the 3D isometric view :
select from the pull down menu

»  View->Rotate->isometric

Create the system lines:

> Geometry->Create->Straight Line or \_

In the command line (at the bottom of the window) enter the coordinates in [m] of the line points (with a
whitespace between each coordinates):

0,0,0 0,04 @0,8,0 @0,0,-4 and press [Enter], then twice Esc to quite this line mode.
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Leaving line creation. O new lines ol
Saved OK. Leaving E
Command: | B+

The first frame is created.
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To create the 2 other frames Select:

> Utilities->Copy

In the Copy dialog box, fill the data as follows :

For Entities type, use : All types
For Second point, type : x=5.0
For Multiple copies, type : 2

Select all the frame and press Finish , then Cancel.

or [Ctrl + c]

N Safir_Structural 30 Project: Halll_3D (SAFIR2012\Safir_Structural_3«)
Files  View Geometry[UtiIitie; Data Mesh Calculate  Help

@ L] @ | @@ Unde... Ctrl-z ayerd - a| @ ‘? | ﬁ

@ [ 7 Preferences... Ctrl-p
ég g s Layers and groups... Ctrl-1

— Tools 4

o Copy.. Ctrl-C

2
= Move... I"\’ Ctrl-V

LE.i Status...
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Mass 4
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Signal L4

]
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Repair model
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Copy ]
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Transformation:  Translation
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z 00
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y: 0.0
z 00

[ Collapse
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Do extrude: Mo -
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Multiple copies: 2

[ seect | [ concel |

Leaving line creation. O new lines
Saved QK. Leaving

Command:

£ 4 [m] »
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To see nodes and beams numbers, select:

> View->Label->All

8B Safir_Structural 3D Project: HallL_3D (SAFIR2012\Safir_Structural_3d) =NEcR
Files View Geometry Utilities Data Mesh Calculate Help

COR|BRRP | BT Lyeo -S| #2? Y ®
£ e
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Selected 7 Entities
Geometry has G new linesd new points, Leaving

HBO™TOSaHEY

EH 4 [m] »

Command: |

Then connect the top of the columns in x direction.

Select:

> Geometry->Create-> Straight Line

Press [Ctrl-a] and pick points 2, 6 and 10 and press Esc, then pick points 3, 7 and 11 and press Esc twice to

quit the line command.
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3. Define constraints for the supports

From the pull down menu select
» Data->Constraints

Select X,Y and Z constraint and assign them to the base points of all columns.

In the Constraints dialog box, with Draw->Colors you can display the constraints.

G| Safir_Structural_3D x64 Project: Halll_3D {mﬁﬁf@m@ﬁjﬁm;ﬂ
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Now on, conditions will be drawn by color )|

press 'escape’ to leave E

Command: B+ |

Press Finish, then Close to leave this view mode.
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4. Define loads

From the pull down menu select:

» Data->Loads

ﬁ Safir_Structural_3D x64 Project: Hall1_3D (SAFIR2016_release3\Safir_Structural_3d)

=@ = [

2 9

NOBVERY- T A
TR@InEdY &

T
-

-,

Files View Geometry Utilities Data Mesh Calculate Structure Help

OB REED | BE| PP Ly

-S|l22 ¥

TR
e E
L
el Loads
%% s
% Beam-Load
'% X Pressure (0.0
¥ Pressure (0.0
@ Z Pressure |-30000.0
@ LOAD FUNCTION FLOAD
e

Press 'Finish' to end selection

Close

A

B OO %e

G|

[ 0.0 0.0 -30000.0 FLOAD y.fct

MNow on, conditions will be drawn by color
press 'escape’ to leave

Command:

HE 4 [l »

In the Loads dialog box, select Beam-Load tab

LOAD FUNCTION dialog box and assign to the central beam.

To display the load, select Draw->Colors in the Loads dialog box.

Press Finish , then Close to leave this view mode.

o , put a Z-Pressure of -30000N/m , select FLOAD in the
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5. Create Local axes

The orientation of the cross-section is controlled by defining his local axis in the global XYZ plan of the

structure. The objective is to create a local axis for each different section orientations.

Create 3 local axis (LAX, LAY, LAZ) as shown in the figure below.

80| Safir_Structural_3D Project: HallL_3D (SAFIR2012\Safir_Structural_3d) o= =

Files View Geometry Utilities Data Mesh  Calculate  Help
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Drawing 3 local axes
Enter local axes names to draw or no draw

B OMHE QS H e

HH 1 |m| »

Command: | =]

The most used procedure to create a local axis is
e to fix the X direction by given 2 existing nodes of the structure (node i and node i+1)

e tofix the Y direction by given an angle (90°)
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\ Z
Local axis system
of the section

Global axis system

of the structure
z

Y X

To define the local axis LAX, from the pull down menu select:

> Data->Local Axes->Define

Enter value window =]

9 Enter name of new local axes

|Lax -

Enter the local axis name LAX and click OK.

Then choose the definition mode Xand Angle.

Dialog window =]

6 Choose definition mode

Eil:'u:uints){l | [ﬁand ;'-'«ngle] [ Cancel ]

Press [Ctrl+a] to select the center of the local axis LAX (left point of the beam). Then press [Ctrl+a] to select
a point in the positive orientation of the local axis LAX (right point of the beam). Now enter an angle (in this

example put 90°) to get the orientation of the Y axis of the local axis LAX, and therefore the orientation of

the section.

Use the same procedure to create the local axis LAY (with an angle of 90°) and LAZ (with an angle of 90°).
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6. Assign the sections (.TEM files)

The objective is to assign the .tem files as shown in the following figure:

- —
0] Safir_Structural_3D x64 Project: Hall1_3D (SAFIR2016_release3\Safir_Structural 3d) (oo o0

Files View Geometry Utilities Data Mesh Calculate  Structure  Help

R REEP | BE|QPDD o IR R A 6o ®
PO ¥

®
N

RARY-I
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>

4

[ HEB220 CtemLAZ 1123 4
z [ ] IPESS0 CtemLAX 21234

. IPESS0_Ctem LAY 21234
. ¥ . IPESS50_H.tem LAY 21234

Mow on, conditions will be drawn by celor
press 'escape’ to leave

i 4[] »

Command:

From the pull down menu select:

» Data-> Properties

In the File-Name dialog box, give your section file name IPE550_C.tem.

As the section is steel and concrete materials, select 2 for the Number of materials.

Change Local-Axes from -Automatic- to LAY.
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5 Number of materials

Matx Global Nry

Click on Assign and select the corresponding beam element line.

Properties

()

BEAM Cross Section
Fi|E-NEn1Em
Local-Axes LAY -

MNumber of materials 2~

Matl Global Mr 1
Mat2 Global Mr 2

’ Assign ] Entities Draw

Unassign

Cloze

analysis of the considered section (.tem file).

(Matx) defined in the .tem file.

Click on Finish , then Close.

Do the same procedure to assign the following sections :

IPE550_H.tem with local axis LAY
IPE550_C.tem with local axis LAX
HEB220 H.tem with local axis LAZ
HEB220_C.tem with local axis LAZ

The number of material should be the same as defined for the thermal

This is the rank y in the “structure.in” file (Global Nr y) of the Material x

} A For these 2 sections, Number of materials = 1
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To display the local axis, select in the Properties dialog box:

Draw->All conditions->Only local axes

Press Finish then Close to leave this view mode.

ﬁ Safir_Structural 3D Project: Halll_3D (SAFIR2012%5afir_Structural_3d}
Files View Geometry Utilities Data  Mesh  Calculate  Help

CER|VRERP | BE|RPD e IR AR
o e

RIOPERY -T2 R

HEO™E O S e BY

e =]
G| #© |

Mow on, only local axes will be drawn
press ‘escape’ to leave

m »

Command: |

8
H

ArcelorMittal Research & Developpment

13



GiD12.0.5 - SAFIR

Exercise 08 / Octobre 2016

7. Define global materials

To define material select from the pull down menu:
> Data->Material

In the General tab, put 2 materials.

IMaterial

General | Materiall | Material2

Mumber of materials 2 -

Lccept Close

Then fill the Materiall and Material2 tabs as shown below :

Click on Accept to confirm.

IMaterial

General Materiall | paterial2

Materiall STEELEC3 -
Matl E-Modulus 2111
Matl Poisson ratic 0.3
Matl Yield strength 3.55e8

E
)

=]

Accept iClose l

IMaterial

General | Materiall Material2

Material2 SILCOMCEM -

Mat2 Poisson ratic 0.3
Mat2 Compressive strength 3.0e7
Mat2 Tensicn strength 0.

B
)

=]

Accept Close l
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8. Define the Mass

For the dynamic calculation, you need to give a mass to the beam elements. Select from the pull
down menu:

» Data-> Mass

To put Mass on Beam, select the - = tab and put 100kg/m as Distributed-Beam-Mass and 2 as Rotational-

Inertia.

Mazs for Dynamic Calculation €]
A
IMass on Beamn - n2 | T

Distributed-Beam-Mass 100.0
Rotational-Inertia 2.0

Assign ] Entities Draw Unassign

Cloze

Assign the mass to all the beam elements, and click on Finish then Close.
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-

| Bl Safir_Structural 3D Project: Halll_3D (SAFIR2012\Safir_Structural 3d) (2= =]
Files View Geometry Utilities Data Mesh Calculaste Help
COS|VBLD | BR| PP w0 - S| B2 (Y Go| |
»* e
&%
p —
& 2
Bl
)’ —
— <
o
&
S
L9
i e
_7.-;
A
S hs
7,12
R
“
&2
.4
@ Mass for Dynamic Calculation E
& o \
EA Mass on Beam v‘ g @
XY
18 Distributed-Beam-Mass |100.0
q * Rotational-Inertia | 2.0
r A
— ¥
T Press Finish' to end selection Unassign
Mow on, cenditions will be drawn by celor | -
press 'escape’ to leave Close =
Command: “ -+
To display Property select in the dialog box:
» Draw->Colors
Press on Finish then Close to leave this view mode.
16
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9. Define general data

Select from the pull down menu:

» Data->Problem Data

Fill the dialog box as below :

General

Calculation parameters | Qutput optional results l

Titlel Safir_Static_3[
Title 2 Mesh_from_G

SOLVER PARDISO -
MCORES 1
Loads DYMAMIC APPR MR =

Convergence COMEBACK -
TIMESTEPMIM 1.0e-5

[] Consider max displacement
PRECISION 1.0e-3
MGEOBEAM 3
MG 2
MFIBERBEAM 550
MGEOTRUSS 0
MGEOSHELL 0
MGSHELLTHICK 0
MREBARS 0
TIMESTEP 12
UPTIME 3600
TIMESTEPMAX 32
TIMEPRINT &0

=
7

Accept I Close

N NGEOBEAM s the number of different sections which constitute the structure (.tem files).

NFIBERBEAM is the number of fibers (meshes) in the section. This value is given in the first line

of the .TEM file (in case of several .TEM files, give the maximum value).

Change TIMESTEPMIN, PRECISION, TIMESTEP, UPTIME, TIMESTEPMAX and TIMEPRINT as

needed.

Click on Accept to save your change, then Close.
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10. Generate the mesh

To create meshes select from the pull down menu:

» Mesh->Generate mesh or use [Ctrl + g]

Enter 0.5m as size of elements to be generated.

Select from the pull down menu:

> Mesh->Generate or [Ctrl + g]

Enter the element size of 0.5 m

8] safir_Structural 3D Project: Halll_3D (SAFIR2012\Safir_Structural_3d) =8 Eoh ===

Files View Geometry Utilities Data  Mesh  Calculate  Help

Sy =R YRAN AN E AR N I AL Go| ® |
PN )

|9 ./ ™ @ e ®

ik}
Ho
b1
Ho
H3
Ha
fs
g6

B OHE O S uLBY

= =PI 7] [N

Nait, please..
Meshing, Wait, pleaze...

Command: |
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11. Create sections

Before starting the calculation, don’t forget to copy all the .tem files in the directory

“Hall1_3D.gid".

The sections are distributed as follows :
- IPE550 H.tem: this section has been created in the Exercise 3 — Part 2, but is exposed to a user-
defined fire. Calculate this section with ISO fire, copy the file .tem and rename it to

IPES50_H.tem.

- IPE550_C.tem: this section is not heated. Copy the file IPE550 3D.tem and rename it to
IPE5S50_C.tem and replace the command “HOT” by “COLD”.

- HEB220_C.tem: this section is not heated. Copy the file HEB220_3D.tem and rename it to
HEB220 C.tem and replace the command “HOT” by “COLD”.
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12. Start the calculation

To start the calculation, select from the pull down menu:

» Calculate->Calculate window

o ]
H

Project  Starttime UID

Pricrity

Hall_3D Tue Jan 12 15:27:38 6968 MNormal Calculating...

* |

|§Dutput1.fiew§| [ Terminate ]

’ Start ] ’5tart remote] ’ Rermcte... ] ’ Cloze ]

Click on the Start button then on the Output view button.

I—Im
autput info for _ ue lan 4

-~

time = 372.00000 sec.
time = 39c.00000 sec.
time = 420_00000 sec.
ITER = 3
time = 444 00000 sec.
time = 488.00000 sec.
time = 452 00000 sec.
ITER = 3
time = 51c.00000 sec.
time = 540._00000 sec.
time = 564 _00000 sec.
ITER = 3
time = 588.00000 sec.
time = ©l2_00000 sec.
4

Close
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