SAFIR® training session Tutorial — 04/2022

SAFIR® training session
Example: 2D thermal model of a protected steel beam

T. Gernay

Diamond 2016 for SAFIR

FILE : ThermalSteel
NODES : 1095
SOLIDS : 1904

CONTOUR PLOT
MESH PLOT
TEMPERATURE PLOT

TIME : 7200 sec

TEMPERATURE :
> 900°C

800°C to 900°C
700°C to 800°C
600°C to 700°C
500°C to 600°C
400°C to 500°C
300°C to 400°C

200°C to 300°C
100°C to 200°C
< 100°C
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1. General description
This example deals with the thermal analysis of a protected steel cross-section.

The thermal analysis is completed in SAFIR®. The input file for the analysis is prepared using
the GUI preprocessor GmSAFIR.

General data:
- Section W12x120
- Protected with 11 mm thickness of Sprayed Fire Resistive Material (SFRM)
- Steel material model according to Eurocode EN1993-1-2
- Section exposed to ASTM E119 fire on 3 sides
- Section in contact with atmosphere at 20°C on the side external to the fire compartment

Diamond 2016 for SAFIR

FILE : ThermalSteel
NODES : 1095
SOLIDS : 1504

SOLIDS PLOT
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 CONTOUR PLOT
FRONTIERS PLOT

TIME : 7200 sec
SOLIDS :
INSULATION
STEELEC3EN
FRONTIERS :
e ASTME119

2 F20
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2. Create a project in GmSAFIR

Start GmSAFIR. Select:

File -> New

Select the existing folder in which you will locate your project files.

Type the name of the project, e.g., ThermalSteel.

Select Save

A window appears asking if you want to continue as-is. Select Use “.geo. extension

A window appears asking which geometry kernel you want to use. Select Open CASCADE

A Gmsh o

BB 10 window Help

Open Ciri+0

Open Recent »

Merge. CHrisShift0

gw::n Pattorn Version

Rename... cier AIMOS

Delete

3| s e

Saye Mesh CHriShiftsS

Save Model Options Cirivy | Tile2

Save Options As Default Cirl+Shifts) = PRECISION

Export Ctri+E | TETA

Quit Crl+Q | TINITIAL
30,3600 TIMEPRINT,UPTIMEPRIl
NO | Run torsion analysis
YES ¥ | Use matrix diag (DIAG C#
o © & Global center Xo)
) © & Global center (Yo)
] © & Center of torsion (Xc)
0 @ & Center of forsion (Yc)
untitied IN Name of the IN File
COMEBACK ~ | Convergence
1605 € & TIMESTEPMIN
1,36008 TIMESTER, UPTIME, TIME
MAKE TEM - TEM-TSH

USE_CURVES ™ Type of calculatien
£ viEw
Info on current props
Reload properties ~
View maferials.
View flux
View frontiers
View blocks.
View torsion point

View voids and symvoids

View real syms
View same
Clean
Also run SAFIR? v
Create INFile  $F
Eoxyz911s Gmsh 4.8.0-git-cbd07a76F

We have now created a project in GmSAFIR. In the selected folder, a file ThermalSteel.geo
was created.

To build the model in GmSAFIR, we will follow a 3-steps procedure:

= Create the geometry

= Assign the SAFIR-specific properties (e.g., materials, fire curves, ...)

= Build the mesh
After this procedure, we will use the command Create .IN file to generate an input file for
SAFIR, which will be located in the same folder as the .geo file.
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3. Create Geometry

The cross-section is a W12x120.
Dimensions are:
= d=332mm (13.1in)
= pbf=312mm (12.3in)
= tf=28.2mm (1.11in)
= tw=18.0mm (0.71in)
» k=43.2mm (1.70 in)

The thickness of thermal insulation is 11 mm (7/16 in).
We will create ¥ of the section and use symmetry. We will use translation to add the SFRM.
3.1. Create Points

In GmSAFIR, select Modules -> Geometry -> Elementary entities -> Add -> Point
Type the coordinates of the points in meters. Select Add after typing each point.

= 1% point: (0.009, 0, 0) (tw/2, 0, 0)

= 2" point: (0.009, 0.1228, 0) (tw/2, d/2 -k, 0)

= 3 point: (0.024, 0.1228, 0) (tw/2 + k — tf, d/2 — k, 0)
= 4" point: (0.024, 0.1378, 0) (/2 + k —tf, d/2 —tf, 0)
= 5 point: (0.156, 0.1378, 0) (bf/2, d/2 — tf, 0)

= 6" point: (0.156, 0.166, 0) (bf/2, d/2, 0)

= 7 point (0.000, 0.166, 0) 0, di2, 0)

Move mouse and/or enter coordinates
[Press 'Shift' to hold position, ‘e’ to add point or ‘g’ to abort]

0.083 Point

0.0415

0.009 0.0457 0.0825 0.119 0.156

‘N(
b

When done, type g to abort.
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These points will be used to create the upper right corner of the steel section.

Double click on the window and select All geometry options (alternatively: Tools -> Options
in the menu at the top). Tick the box to show Point Labels.

Reset viewport
Select rotation center

Split window »
v Axes Alt+A
Mouse hover over meshes

Projection mode »
All general options...

Geometry visibility 4
Mesh visibility »
Toggle mesh display Alt+M

Global mesh size factor
All mesh options...

0.48gP0nt7 (OCC) Point 6 (OCC)
Point 4 (OCC) Point 5 (OCC)
0.424__Point 2 (OCoint 3.(OCC)
A Options - Geometry x
Genoral =
General  Visibiliy Transfo Aspect Color
Mesh
Sover * Points ¥ Pointlabels
P
0088 oo ¥ Curves. Curve labels
Surfaces Surface labels
Volumes Volume labeis
Description ¥ Label type
0 0 Normals and tangents.
0.0415
Point 1 (OCC)
(R ) S8 : 4
0 0.039 dore 0117 0.156

Now, we will create the points used to define the SFRM. We will use translations.
In GmMSAFIR, select Modules -> Geometry -> Elementary entities -> Transform -> Translate

Apply the translation:
DX 0.011,DY0,DZ0

Tick the box ‘Apply Translation on Copy’

Select Point 1. Type ‘e’.

A new node is created from ea translation of Points by 11 mm in the X direction.

File Tools Window Help
[5) Modules
[5) Geometry
[=] Elementary entities
[%] Set gecmetry kernel
[E Add

[ Transform
Translate
Rotate
Scale
Symmetry

[3] Extrude

[2 Boclean

Fillet

Spiit curve

Delte
eren

Reload script
Remove last script cammand
Edit script
[2) Mesh
[5) Solver
[ sAFIR
2022-03-04 - Veersion 1.0(t Version
Univ. of Liege & Efectis Fr: Authars
[ GENERAL
Thermal 2D ~ | Problem Type
Saflr_Thermal_Analysis Titlet
Mesh_from_GAS-Mesher Titla2

0.001 @ k= PRECISION
09 ;@ b TETA
20 : § k= TINTIAL
30,3600 TIMEPRINT UPTIMERRI!
NO ¥ Run torsion analysis
YES ~ Use matrix diag (DIAG G/
a : € [ Giobal center (Xo)
o : & k= Giobal center (Yo)
o : & k= Center of torsion (Xc)
0 @ k= Center of torsion (Yc)
untitied IN Name of the IN File
COMEBACK ~ Convergence
1605 : @ k= TIMESTEPMIN
1,3600,8 TIMESTEP UPTIME TiME
MAKE.TEM ¥ TEM-TSH
USE_CURVES * Type of calculation

[ viEw
I et mrmme

Create INFile ¢

© Thomas Gernay

Select entities

[Press &' to end selection, 'u’ to undo last selection or ‘g’ to abort]

0.4ggP0int 7 (0GC) Point 8 (OCC)
Point 4 (OCC) Paint 5 (OCC)
A
Point 2 (68 3 (OCC;
0124 ¢ (occ) S——
0011 DX
o oy
0 oz
* Apply translation on copy
0.083
All entitias. - Selaction mode
00415
Point 1 (OCC)
[ !
b R 0.078 017 156
Position (0.008, 0, 0) ¥
Mesh attributes: size 1
z X

Double-slick

2D Thermal steel beam
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Apply the translation: DX 0.011, DY -0.011, DZ 0. Tick the box ‘Apply Translation on Copy’
Select Point 2, Point 3, Point 4 and Point 5. Type ‘e’. 4 new nodes are created.

Apply the translation: DX 0.011, DY 0.011, DZ 0. Tick the box ‘Apply Translation on Copy’
Select Point 6. Type ‘e’. 1 new node is created.

Apply the translation: DX 0., DY 0.011, DZ 0. Tick the box ‘Apply Translation on Copy’
Select Point 7. Type ‘e’. 1 new node is created.

When done, type g to abort.

These new points will be used to create the SFRM layer on the upper right corner of the steel
section.

3.2. Create Lines

In GmSAFIR, select Modules -> Geometry -> Elementary entities -> Add -> Line
Select start point of the line.

Lines must be defined such that, going from the first point to the second point defining
the line, the surface bounded by the line is located on the left side of the line. Lines must
therefore be defined by turning counterclockwise around the surface.

Select Point 1 as start point. Select Point 2 as end point. A line was created joining Points 1-2.

Repeat with Points 4 and 5. Then Points 5 and 6. Then Points 6 and 7. Press q to abort.

L}
File Tools Window Help

Select start point
[Press 'q' to abort]

0.4zFoint 14 (OCC) Point 13 (OCC)

Paint 7 (OCC) Point 6 (OCC)

Point 4 (DCC) Point 5 (OCC)

0.133
Point 11 (OCC) Point 12 (OCC)
Point 2 (B3 (OCC) .

Paint 9 (B@@)10 (OCC)

00885 |

0.0442 |

2022-03-04 - Viersion 1.0(f Version
Univ. of Liege & Efectis Fr: Authors Aepz_| Point PEDCEIOCC)

] GENERAL -1e-07 00417 00835 0125 0.167
Thermal 20 ~  Problem Type v
Safir_Thermal_Analysis Title1
Mesh_from_G4S-Mesher Title2 Z X
0.001 © k= PRECISION
n © b veTa =

Create INFle 4 @ Save Clear  # Autosoroll messages.
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Now, we will create the root fillet.

In GmMSAFIR, select Modules -> Geometry -> Elementary entities -> Add -> Circle arc
Select start point: Point 2. Select center point: Point 3. Select end point: Point 4.

The root fillet of the steel section has been created. Type g to abort.

| ]
File Tools Window Help

[5] Elementary entities
[&] Set geometry kemel
[ Add
Parameter
Paint n,u'f"""‘ 14 (OCC) Point 13 (OCC)

Spline Point 7 (OCC) Poin{ 6 (OCC)

Point 4 (OCC) Poin| 5 (OCC)

Plane surface ya Point 11 (OCC) T Point 12 (OCC)
Surface filling Point 2 (2@ (OCC)

Cylinder Point 8 (RM4}10 (OCC)

[ Transform 0.0885

Scale
Symmetry
[+] Extrude
[£] Boolean
Fillet
Spit curve
Delete

Coherence 0.0442
[ Physical groups
Reload scrpt
Remove last script command
Edit script
[ Mesh
[ Solver
[ SAFR
2022-03-04 - Version 1.0(F Version
Univ. of Liege & Efectis Frc Authors Paint PUIEE]OCC)
[Z] GENERAL -1e-07 o - . |
-1e-07 0.0417 0.0835 0.125 0.167
Thermal 2D * Problem Type
Safic_Thermal_Analysis Titie!
Mesh_from_G45-Mesher Titie2 zZ X
0.001 < k& PRECISION
no

[

Create INFile # & Save Clear ¢ Autoscroll messages

We repeat the procedure for line creation and circle arc creation for the SFRM.

Starting with the lines. Select Modules -> Geometry -> Elementary entities -> Add -> Line
We create a line from Point 8 to 9, from Point 11 to Point 12, from 12 to 13, from 13 to 14.
Type g to abort.

Then we select Modules -> Geometry -> Elementary entities -> Add -> Circle arc

We select Point 9, 10, and 11 to create the SFRM layer on the root fillet. Press q.

0.17F0nt 14 (0CC) Point 13 (OCC)
Point 7 (OCC) Poin{ 6 (OCC)
Point 4 (OCC) Poin{ 5 (OCC)
0133
Paint 11 (OCC) Point 12 (OCC)
Point 2 (PRESCEE)
Point 9 (B®2@)10 (OCC)
0.0885
0.0442
_te.07_ | Poin] PEBEBIOCC)
1e-07 0.0417 0.0835 d.125 0.167
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3.3. Use Symmetry

In GMSAFIR, select Modules -> Geometry -> Elementary entities -> Transform -> Symmetry

The X direction corresponds to Plane A.
Type ‘1’ for Plane A. ‘0’ for Planes B, C, D.
Tick the box ‘Apply Translation on Copy’
Select ‘Curves’ for the selection mode

To select all the points and lines, press ‘ctrl’ + left click on one corner, drag the mouse to the
other corner, then again ‘ctrl” + left click. Everything should be selected. Then type ‘e’.

3 Solver
[ SAFR
2022-04-04 - Version 1.0(f Version
Univ. of Lisge & Efectis Frs Authors
[ GENERAL

Thermal 2D ¥ Problem Type
Safir_Thermal_Analysis Title1
Mesh_from_G4S-Mesher Tite2

0.001 < & PRECISION
08 : C & TETA
20 S & TINMAL
30,3800 TIMEPRINT, UPTIMEPRII
NO ' Run torsion analysis
YES ' Uso matrix diag (DIAG C#
0 C & Global center (Xo)
0 : & Global center (Yo)
0 Q k= Center of torsion (Xc)
0 : © & Center of torsion (Yc)
untitied IN Name of the JN File
COMESACK ~ Convergence
1005 : © & TIMESTEPMIN
1,36008 TIMESTEP, UPTIME, TIME
MAKE TEM v TEMTSH
USE_CURVES ~ Typs of calculation

=2 viEw

Create INFile ¥F

© Thomas Gernay

Select curves

[Press ‘e’ o end selection, ‘u’ to undo last selection or g’ to abori]

0.47£0int 14 (0CC) Point 13 (OCC)
Paint 7 (OCC) Poin{ 6 (OCC)
Point 4 (OCC) Poini 5 (OCC)
0133
Paint 11 (OCC) Point 12 (OCC)
Point 2 1
Point 8 (264)10 (OCC)
\ Elementary Operation Context - x
0.0885 Symmetry -
1 Piane A
0 Piane B
o Piane C
o Piane D
* Apply symmetry on copy
0.0442
o —
-te7_| Poin{ PEOLEIOCC)
-1e-07 0.0417 0125 0.167

2D Thermal steel beam
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File Tools Window Help
[=] Modules
[=] Geometry
[=] Elomentary antitios
[#] Set geometry kernel
[ Add
[ Transform
Translate
Rotato
Scale
Symmat
[+ Extrude
[+] Boolean
Fillet
Split curve
Delate

[%) Physical groups
Roload script
Remova last script command
Edit seript
[5] Mesh
7] Solver
=] 8AFIR
2022-04-04 - Version 1.0(t Version
Unlv. of Liege & Efectis Fri Authors
[5) GENERAL
Thermal 2D ¥ Problem Type
Safic_Thermal_Analysis Title!
Mash_rom_G4S-Mashar Titie2

0.001 @k PRECISION
09 Q& TETA
20 1 C E TINTIAL
30,3800 TIMEPRINT UPTIMEPRII
NO * Run torsion analysis
YES ¥ Use matrix diag (DIAG C#
] © k= Global center (Xo)
] : @ & Global canter (Yo)
] : @ B Center of torsion (Xc)
o 1 @ k= Centor of forsion (Yc)
untitiad IN Marme of the IN File
COMEBACK ¥ Convergence
1008 1 € TIMESTEPMIN
1,3600,8 TIMESTER, UPTIME, TiMI
MAKE TEM ¥ TEM-TSH
USE_CURVES * Type of calculation

[ vew

Infn am msirant mrmme

Create INFila X

Paint 54 (OCC)

Select curves.
[Press ‘e’ to end selection or g’ to abort]

01 Paint 53 (OCC) Paint 13 (OCC)
Point 80 (0CC) Point $30003) Poiht 6 (OCC)
Point 48 (OCC) Point 40 (OCC) Point 4 (OCC) Paint 5 (OCC)
013%0in 86 (OCC) PO BQECY £ BB ISLL(OC0) Paint 12 (OCC)
— L
Point 88 (QCC) Point PM@ECI) (OCC)
0.0885 A Elementary Operation Context - x
Symmatry
1 Plane A
0 Plane B
0.0442 0 Plane C
0 Plane D
« Agply symmatry on copy
o7 T <)
0167 -0.0835 b
Curves. ¥ Selection mode
¥
r4

We now have half of the section. However, the Symmetry action has resulted in duplication of
nodes. It is observed by showing node labels. To address this, there is a specific command in

GmSAFIR to ‘merge’ duplicated entities.

In GMSAFIR, select Modules -> Geometry -> Elementary entities -> Boolean -> Coherence

Then, select Reload script

This has the effect of merging the duplicated points. It is verified through the node labels.

2022-04-04 - Version 1.0(F Version
Univ. of Liege & Efectis Frs Authors
[ GENERAL

0.001 © & PRECISION
08 S & TETA
20 Q & TINTIAL
30,3600 TIMEPRINT, UPTIMEPRI
NO ¥ Run torsion analysis
YES ¥ Use matrix diag (DIAG C#
] © & Giobal center (Xo)
0 C &= Global center (Yo)
(] C & Center of torsion (Xc)
° S & Center of torsion (Y¢)
untitied IN Name of the IN File
COMEBACK ¥ Convergence
1005 C & TIMESTEPMIN
136008 TIMESTEP.UPTIME. TIM
MAKE TEM ~ TEMTSH
USE_CURVES ¥ Type of cakulation

B vew

Create INFile %}

© Thomas Gernay

oint 25 (OCC)

Select curves.
[Press ‘e’ to end selection or 'q’ to abort]

= Point 15 (OCC) Point 13 (0CC)
Point 24 (OCC) Point 14 (OCC) Point 6 (0CC)
Point 22 (OCC) Point 20 (OCC) Point 4 (OCC) Poiht 5 (OCC)
0.13 ; Y
Fboint 23 (0CC) P@ 9} feoe (occ) Point 12 (OCC)
\ Poiht 18 (QCCY Point HE@ET) (OCC)
0.0885 ’
0.0442 f
b | | PotPengeapesDEmCC) | |
~0.167 5.0835 [ 00835 0167

2D Thermal steel beam
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Now, we apply a symmetry about the Y-axis (Plane B) to create the bottom half of the section.
In GMSAFIR, select Modules -> Geometry -> Elementary entities -> Transform -> Symmetry

Type ‘0’ for Plane A, ‘1’ for Plane B, ‘0’ for Plane C, ‘0’ for Plane D.

Tick the box ‘Apply Translation on Copy’. Select ‘Curves’ for the selection mode

Select everything. Type ‘e’ to end selection. The symmetry is applied and the bottom half of
the section appears.

Close the symmetry window and type ‘q’.

Then, select Modules -> Geometry -> Elementary entities -> Boolean -> Coherence
Then, select Reload script

This has the effect of merging the duplicated points. Show the node labels to check that nodes
are not in duplicate.

"
Elle  Tools Window Help
[] Modules
[=] Goometry
(5 Elomentary entities
[+ Set geometry kemel

[#] Add
=) Transform
aungiele o.4zF0int 25 (0CC) Point 15 (OCC) Point 13 (OCC)
Scale s Point 24 (OCC) Point 14 (OCCT) Phint 6 (OCC)
Symmetry - —
(3] Extrude
[#] Booloan Point 22 (OCC) Point 20 (OC@pint 4 (OCC) Pjint 5 (OCC)
;'"" Painf 23 (OCC) PO b G R R FICC) Point 12 (OCC)
plit curve e — 4
Delete Phint 1 (FR@PBILOGDOCC)
Cohorence -
[3] Physical groups
Reload script 0.0885
Remove last script command
Edit seript
(5] Mesh
(=] Solver
(5] SAFIR
2022-04-04 - Version 1.0(1 Version
Univ. of Liage & Efoctis Fri Authors
[5] GENERAL
Thermal 20 ¥ Problem Typo o )EC)
Safir_Thermal_Analysis  Title1
Mesh_from_G4S-Mosher Titie2
0.001 © k= PRECISION
09 S ke TETA
20 C & TINITIAL
30,3600 TIMEPRINT,UPTIMEPRII
NO * Run torsion analysis
YES ¥ Uso matrix diag (DIAG C/ -0.0885
& |
Z g = z'”': odhoeef ‘:”’ Jv' int 35 (DR 40 (0CC)
£ Global center (Yo) >
7y RG] Coctar of orsion () Point 30 (0CC) P m‘/ -l'?\‘}?f?ﬁ"“%ﬁfi (OCC) | Point 45 (0CC)
3 S 1| Conter oforsion (Y6) Point 32 {0CC) _ Point 36YOCEPint 42 (OCC) Pint 44 (OCC)
untitiod N Name of the N File [
COMEBACK ¥ Convergence Point 33 (OCC) Point 39 (OCC) Pint 46 (OCC)
10:05 Q & TIMESTEPMIN 0,17 ont 31 (OCT) *Point 41 (OCC) I | Point 47 (OCC)
136008 TIMESTEP,UPTIME, TIMI -0.167 -0.0835 0 000835 0.167
MAKE.TEM v TEM-TSH
USE_CURVES ¥ Typo of calculation Y
[ view z X
Inta an moimant nrane 7 X

Creato INFilo  §¥
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3.4. Create Surfaces

The first line that is selected must be oriented in the appropriate direction, i.e., with the surface
on its left (counterclockwise rotation). It is possible to draw the line directions.

Select Tools -> Options in the menu at the top.

Type a value in the right box Normals and tangents (or click in the box and drag to the right)
to make the line directions appear.

Now, when creating the surface, we can select as the first line of the surface a line which would
rotate in a counterclockwise direction around the surface.

Lie 1oos yuindow Help
[Z] Modules

[ Add

Point
i 01]1,1

A Options - Geometry - x |
Plane surface Gonathl I} ) / /
Surface filing [SZTMEM General Visibilty Transfo Aspect Color |
Mesh

Solver * Points Point labels
Post-

Gl v Curves Curve labels ‘
¥ Surfaces Surface labels

Volumes Volume labels
Description ¥ Label type 4 11

0 60 Normals and tangents

Goometry Tangonts|
\r \ \
sic
Reload script
Remove last script command
Edit script A o
[3] Mesh | c— / \ > s |
5 Solver ~& // g -
2 sAFIR } o
2022-03.04 - Version 1.0( Version
o ~
Univ. of Liage & Efectis Fr¢ Authors Py o e - pg
] GENERAL D167 10,0835~ ] 00835 c.167
Thermal 20 ¥ Problem Type v
Safir_Thermal_Analysis _Titiel
Mesh_from_G4S-Mesher Titie2 z X
0.001 © & PRECISION
no © b reTa

Create INFile. ¥ Q Save Clear | '+ Autoscroll messages

In GmSAFIR, select Modules -> Geometry -> Elementary entities -> Add -> Plane surface

Starting with the steel section, select for example Line 4.

GmSAFIR automatically selects the other boundaries of the surface because, in this case, there
is only one possible surface bounded by that line (using the counterclockwise rule).

Press ‘e’. The surface was created.

© Thomas Gernay 2D Thermal steel beam 11
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L}
Elle Tools Window Help
[ Modules.
=] Geometry
[7] Elementary entities
[5) Set geometry kernel

Dist

Plane surface
Surface filing
Sphere
Cylinder

Box

Delete
Coherence
Physical groups
Reload script
Remova last saript command

2022-03-04 - Veersion 1.0(F Version
Univ. of Lisge & Efectis Fri Authors
[=) GENERAL

Thermal 20 = Problem Type
Safir_Thermal_Analysis Title1
Mesh_from_G4S-Mesher Titie2
0.001 ¢ & PRECISION
na € TeTa

Fraste IN Fila

£

a

Select hale boundaries (if ncne, press ‘e')
[Press e’ 1o end selection or g to abort]

o1z} = — +H
— ~
Line 4 (0CC

-0.0885 iy

)
Boundary points: 6, 118 (distance = 0.156)

Double-click to edit parameters

- A 31N -
>y A% .
y 4 <
- —
04 - y
167 -0.0835~ b 00835 C.167
¥
z x
Save Claar | % Autoscroll messaces

Now for the SFRM, select Line 9 at the top right. The external boundary is selected
automatically, but the lines that form the interior boundary must also be selected. Select Line 17
of the top left flange to satisfy the counterclockwise rule for the interior boundary of the SFRM

surface.

Press ‘e’. The surface was created. Press ‘q’ to abort.

]
Flle Tocls Windew Help

[ Modules
[F] Geomeltry
[=] Elementary entities
[+] Set geometry kernel
) Add

Paramotar
Point

Line
Spline

Bezier
B-Spline
Circle

Circle arc
Ellipse
Ellipse arc
Rectangle
Disk

Plane surface
Surface filing
Sphero
Cylinder

Reload script
Remove last script command
Edit script
[7] Mesh
[ Solver
[ saFiR
2022:03-04 - Viersion 1.0(f Versian
Univ. of Liage & Efectis Fr: Authors
[5) GENERAL
Thermal 20 * Problem Type
Safir_Thermal_Analysis Title1
Mesh_from_G4S-Mesher Title2

0.001 Q & PRECISION
na C b TETA
—ae meens |l

Select hole boundaries (if none, press 'e')
[Press 'e' to end selection or g’ to abort]

o1f2} — - H

— T B

TrimmedCurve 17 (OCC)
Boundary points: 128, 118 (distance = 0.158)
On boundary of surfaces: 1

Double-click to dit paramoters

I
TEaL

0.0885
o
1 \
-0.0885 l ¥ i l
e l LY
— FARY =
AN
” «
= -
0.4 vy
0157 -0.0835" ] 00835 C.187
¥
z X
Save Clear ' Autosoroll messages

Surface labels can be visualized in All geometry options. The two surface labels lie on top of
each other, but it can be checked that two surfaces have been created.

This concludes the creation of the geometry.

© Thomas Gernay
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4. Assign Properties

In this step, we will define the properties of the model and the inputs necessary for the SAFIR
calculation. We will use physical groups to assign the properties of the model to the lines and
surfaces.

4.1. Define the SAFIR General Input Data
In GmSAFIR, select Modules -> Solver -> SAFIR -> General

Here we can define the inputs of the SAFIR calculation.

Set the Problem Type to Thermal 2D

Set the UPTIMEPRINT to 7200 sec

Set the Name of the .IN File as ThermalSteel.IN

Set the TIMESTEPMIN to 0.01 sec

Set the UPTIME to 7200 sec and the TIMESTEPMAX to 128 sec

The Type of calculation gives different options for interfacing a fire with the thermal analysis.
Here, we will use a time-temperature curve, but it is also possible to use localized fires and
CFD outputs.

Eile Tools Window Help
[=] Modules
Geometry
Mesh
[=] Solver
[=] SAFIR
2022-03-04 - Version 1.0(f Version
Univ. of Liege & Efectis Fr: Authors
[5] GENERAL
Thermal 2D ~ Problem Type
Safir_Thermal_Analysis Title1

Mesh_from_G4S-Mesher Title2

0.001 < k= PRECISION
09 © @k TETA
20 : @k TINITIAL
30,7200 TIMEPRINT UPTIMEPRI!
NO * Run tersion analysis
YES ¥ Use matrix diag (DIAG C#
(1] + @ k& Global center (Xo)
0 . b Global center (Yo)
Q T B Center of torsion (Xc)
0 C k= Center of torsion (Yc)
ThermalSteel.IN Name of the .IN File
COMEBACK ¥ Convergence
001 Sk TIMESTEPMIN
1,7200,128 TIMESTEP,UPTIME, TIME
MAKE.TEM ¥ TEM-TSH
USE_CURVES ¥ Type of calculation

2 vew

Info on current props
Reload properties
View materials
View fiux
View frontiers
View blocks
View torsion point
View voids and symvoids
View real syms
View same
Clean
Also run SAFIR?

Create INFile ¥

© Thomas Gernay 2D Thermal steel beam 13
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4.2. Define the Physical Group Properties: Fire Boundary Conditions
We will start by applying the thermal boundary conditions (e.g., fire curves).

In GmSAFIR, select Modules -> Geometry -> Physical Groups -> Add -> Curve

" File Tools Window Help

[=] Modules
[=] Geometry N
Elementary entities S
[=] Physical groups
[=] Add A
Point - Add
Curve Creats or choose group, and select curve(s) to add
Surface Riape 2 (OCC) unexposed * Name
Volume * Automatic
Remove
Reload script
Remove last script command
Edit script 5 g
Mesh A
[5] Solver
[=] SAFIR

AAAA AA A4 Vit 4 APt

Type the name ‘unexposed’.

Select the two curves at the top, which are not exposed to the fire.

The new physical group ‘unexposed’ which we created now contains two elementary entities,
Lines 9 and 12.

Type ‘e’.

The window changes and enables selecting the properties for the ‘unexposed’ group.

Select ‘frontier constraint’ and ‘F20°.

Click ‘Add-Update’ to confirm.

TrimmedCurve 12 (OCC Line 9 (OCC)
I Ph | Curve 41. unex d— Physical Curve 41: unexposed
—,;\ . —_—————

A Parameters - m} X
Physical Curve 41: unexposed -
Frontier Constraint ¥ Property Type
Hiahe 2 (OCC) | F20 ¥ Temperature
Add-Update

Remove

We can close the window.
To check, select Modules -> Solver -> SAFIR -> View -> View frontiers
The frontier ‘F20° should be displayed on the two top lines.

© Thomas Gernay 2D Thermal steel beam 14
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We repeat the procedure to create a second physical group, for the ‘exposed’ curves.

In GmMSAFIR, select Modules -> Geometry -> Physical Groups -> Add -> Curve

Type the name ‘exposed’.

Select the curves at the boundary of the section, except Lines 9 and 12 which are not exposed
to the fire.

The new physical group ‘exposed’ now contains the relevant elementary entities.

Type ‘e’.

The window changes and enables selecting the properties for the “‘unexposed’ group.

Select ‘frontier constraint’ and ‘ASTME119’.

Click ‘Add-Update’ to confirm.

F20 F20

A \ Parame ters o

Add Physical Curve 42: exposed 2

Create or choose group, and select curve(s) to add Py —" | Property Type

v
posed Bowe ASTME118 ¥ Temperature

v Automatic
Add-Update 7

Remove

4.3. Define the Physical Group Properties: Materials
We will now define surface physical groups to assign the material properties.
In GmMSAFIR, select Modules -> Geometry -> Physical Groups -> Add -> Surface

Type the name ‘steels’.

Select the steel surface.

The new physical group ‘steels’ which we created now contains one surface.
Type ‘e’.

The window changes and enables selecting the properties for the ‘steels’ group.

Materials are not defined yet. In Property Type, select New Material Definition.
Material Type: select ‘metal’

Material sub-category: select ‘steelec3en’

The thermal properties can be left to their default value.

New material name: type ‘steelm’

Click ‘add update’. As a result, a new entry appears, ‘Material Names Choice’. The material
‘steelm’ is now available to be attributed to a physical group.

© Thomas Gernay 2D Thermal steel beam 15
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\ Parameters - m] X
Physical Surface 43: steels W

New Material Definition ¥ Property Type

Metal ¥ Material Type
steelm ¥ Material Names Choice
Steelec3en
25 : @ & Convection coeff hot
4 : @ k& Convection coeff cold
0.7 : @ & Relative emission
2.1e+11 : @ & Young module

"o03 : @ & Poisson coefficient
steelm New Material Name

1 Add-Update 7

Remove

In Property Type, select ‘Surface Material’.

In Material Name, type ‘steelm’

Click ‘Add-Update’.

This material has now been allocated to the physical group that contains Surface 1.

This can be checked by selecting Modules -> Solver -> SAFIR -> View -> View materials.

A
Physical Surface 43: steels hd

Surface Material ¥ Property Type

steelm Material Name(s)

13 Material Name(s)

Add-Update

Remove

We will now define the physical group for the SFRM.

In GmMSAFIR, select Modules -> Geometry -> Physical Groups -> Add -> Surface
Type the name ‘sfrms’.

Select the SFRM surface.

The new physical group ‘sfrms’ which we created now contains one surface.

Type ‘e’.

The window changes and enables selecting the properties for the ‘sfrms’ group.
The material is not defined yet. In Property Type, select New Material Definition.
Material Type: select ‘insulations’

Material sub-category: select ‘insulation’

The thermal properties can be input as desired.

Thermal conductivity: 0.12 W/mK.

Specific heat: 1200 J/kgK

Density: 300 kg/m®

New material name: type ‘sfrmm’

Click ‘Add-Update’.

© Thomas Gernay 2D Thermal steel beam
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The material has been added in the ‘Material Names Choice’.

. A Parameters - o X
Physical Surface 44: sfrms hd
New Material Definition ¥ Property Type
Insulations ¥ Material Type
Insulation ¥ Material Sub-category
0.12 : @ & Thermal conductivity

1200 . @ b Specific heat
300 - @ & Volumic mass
5 : @ & Water Content
100 : @ k& Temperature when evaporat
110 : @ & Temperature when evaporat
25 : & k& Convection coeff hot

..... 4 : & & Convection coeff cold
0.8 : @ k Relative emission

- 120 : @ ¥ Young module

J02 1 @ & Poisson coefficient
sfrmm New Material Name

1 Material Names Choice
steelm

Add-Update ~
Remove

As Property Type, select ‘Surface Material’
In Material Name, type ‘sfrmm’

Click ‘Add-Update’.

This material has now been allocated to the physical group that contains Surface 1.

This can be checked by selecting Modules -> Solver -> SAFIR -> View -> View materials

Another useful visualization is in Tools -> Visibility (or ctrl + shift + v)

In ‘List’ the physical groups are shown. There are two for surfaces and two for curves. We

can select the surface ‘sfrms’ and apply to visualize the SFRM only.

© Thomas Gernay

LEGEND

o
2:

) 77
sfrmm - Insulations-Insulation 01 i
steelm - Metal-Steelec3en 1
|
|
A Visibility - o % |
List Tree Numeric Interactive Per window L t
* Type Number Name
Surface 43 steels
Surface 44 sfrms
Curve 41 unexposed
Curve 42 expos:
sfrmn
Physical groups v q Apply 7
[
Apply ¥ recursively ¥ to all models Save
0127 !
-0.167 -0.0835 0 0.0835
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5. Create the Mesh

In GMSAFIR, select Tools -> Options
In the window, select Mesh -> General and change the element size factor to 0.2.
Close the window.

-:\ Options - Mesh - X
p!
General
(;eome(i General Advanced Visibility Aspect Color
File Window Help Solver Frontal-Delaunay ¥ 2D algorithm
&) Options Ctrl+Shift+N it Delauray b slonin
[= Plugins Ctrl+Shift+U Blossom v 2D recombination algorithm
Vi;ibility Ctrl+Shift+V Recombine all triangular meshes
alipping Ctrl+Shift+C None ¥ Subdivision algorithm
Manipulator Ctrl+Shift+M 1 Smoothing steps
Statistics Ctrl+l 02| Element size factor
Message Console Ctrl+L 0 1e+22  Min/Max element size
Volume 1 Element order Use incomplete elements
Remove
Reload script
Remove last script command
Edit script . ﬁ 5

Next, select Modules -> Mesh -> 2D

A mesh is automatically generated.

As this mesh is coarse, select Modules -> Mesh -> Refine by splitting
We can refine twice.

We now have a mesh based on triangular elements.
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S
0.0885 J
Modules -> Mesh -> 2D 3
[} HAESTERRESEEErEIe: N en ‘
(with element size factor 0.2)
\
o ‘ Ao
5 .1167 -0.0835 ) 0.0835 0.167
0472
{ |
0.0885
Modules -> Mesh -> Refine by splitting a
(x2)
-0.0885
P
2 34 167 -d 0835 ) 0.0835 0.167

GmSAFIR offers various options to define and optimize the mesh, which are not covered here.
For example, the command Modules -> Mesh -> Recombine 2D transforms triangular elements

into quadrangular elements, but we will not use it here.

© Thomas Gernay 2D Thermal steel beam
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6. Create SAFIR input file and run the file
In GMSAFIR, select Modules -> Solver -> Create .IN File  (at the bottom of the menu)

The input file ThermalSteel.IN has been generated in the folder.

1 Name Status Date modified Type Size

ThermalSteel.gds @ 3/31/2022 9:47 PM G45 File 3KB
2 9:36 PM GEQ File 3KB
29:55 PM IN File 60 KB

ThermalSteel.geo ©@ 3/3
< Thermalsteel.IN ®

Run this input file with SAFIR. This can be done by using the command window of the
executable, or the SAFIR Shell tool.

[ Name Status Type Size
B SAFIR2022a0.exe = Application 108,901 KB
ThermalSteel.gds O] G45 File 3 KB
ThermalSteel.geo ©] GEO File B
<] ThermalSteel IN ®@ IN File 60 KB
& ThermalSteel.OUT 5 spice file 1,295 KB
<] ThermalSteel.TEM TEM File 867 KB
ThermalSteel XML = XML Document 1,282 KB

Open the postprocessor DIAMOND to visualize the results.

ThermalStael XML o ®
file Edit Display Plot Results Options Window Help

ik W@ ® X _ [iiiNodes [iSolids [IFrontiers ClContour EMesh _

iTime Steps 3584 ~ [Temperature WyChart _  iLabels Pick node| [All Nodes) [Remove Al _

Diamond 2016 for SAFIR

FILE : ThermalSteel
NODES : 1095
SOLIDS : 1904

CONTOUR PLOT

TEMPERATURE PLOT
TIME : 3584 sec

N ' TEMPERATURE :

> 900°C
800°C to 900°C
700°C to 800°C
600°C to 700°C
500°C to 600°C
4D0°C to 500°C
300°C to 400°C

200°C to 300°C
100°C to 200°C
< 100°C

Legend | Viewpoint | Selection | Options

DIAMOND can be used to check the geometry, boundary conditions, materials, mesh, etc. as
well as to plot charts of the temperature at the nodes and draw temperatures on the section.
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7. Creating a configurable GmSAFIR script

GmSAFIR allows reading and modifying the script at each step of the procedure of creating the
model.

In GmSAFIR, select Modules -> Geometry -> Edit script to visualize the script in a text editor.

If a mistake is made at any step of the procedure (creation of geometry, physical groups), the
script can be edited in the text editor. It can then be reloaded using:

Modules -> Geometry -> Reload script

and the modification will take effect.

Besides the correction of mistake, another interesting functionality is that the model can be
made parametric using the script.

In GmMSAFIR, select Modules -> Geometry -> Edit script

We create variables and make the points definition parametric. The original script is on the left.
The modified one is on the right. Both the ‘Points’ and ‘Translate’ commands now are defined
as functions of the variables, which are the W12x120 dimensions and the thickness of SFRM.

| Thermalsteel.geo - Notepad - al] X *ThermalSteel.geo - Notepad - o
File Edit Format View Help File Edit Format View Help
// Gmsh project created on Fri Apr @1 16:28:57 2022 ~ // Gmsh project created on Fri Apr 01 16:28:57 2022
SetFactory("OpenCASCADE"); SetFactory("0OpenCASCADE");
/l+
Point(1) = {0.009, @, @, 1}; d = 98.332;
11+ bf = 8.312;
Point(2) = {@.0@9, ©.1228, @, 1}; tf = 9.9282;
I+ tw = ©.9180;
Point(3) = {@.824, @.1228, @, 1}; k = 0.0432;
11+ thi = @.011;
Point(4) = {@.024, ©.1378, @, 1};
i+ e
Point(5) = {@.156, ©.1378, @, 1}; | Point(1) = {tw/2, @, @, 1};
/1+ e
;?mt(ﬁ) = {0.156, ©.166, @, 1}; Point(2) = (tw/2, (d/2)-k, @, 1};
.
i 11+
Point(7) = {@., 0.166, 8, 1}; Point(3) = {(tw/2)+k-tf, (d/2)-k, @, 1};
/1+ I+

Translate {.011, @, 8} {

Duplicata { Point{1}; } Point(4) = {(tw/2)+k-tf, (d/2)-tf, @, 1};

[+

Point(5) = {bf/2, (d/2)-tf, @, 1};

1/+ I+
Translate {0.011, -@.011, @} { N _ i

Duplicata { Point{2}; Point{3}; Point{4}; Point{5}; } ;’71“(5) = {bf/2, d/2, o, 1}
,}% Point(7) = {8., d/2, @, 1};
Translate {0.011, 0.011, @} { /h+ .

Duplicata { Point{6}; } Tr;ﬂﬁi?te {t;u'; e, ?i}{ )
} uplicata oint{1};
//+
Translate {@., @.e11, @} { 11+ . X

Duplicata { Point{7}; } Translate {thi, -thi, @} {

Duplicata { Point{2}; Point{3}; Point{4}; Point{5}; }
/1 ]
Line(1) = {1, 2}; I+
f1+ Translate {thi, thi, 8} {
Line(2) = {4, 5}; Duplicata { Point{6}; }
I+
Line(3) = {5, 6}; I+
11+ Translate {@., thi|, e} {
Line(4) = {6, 7}; Duplicata { Point{7}; }
f1+
Circle(5) = {2, 3, 4}; I+
A ¥ Line(1) = {1, 2};
< > I+
In1 €Al 1008 Winrlawe (CRIF HTF-R -

After modification, save and close the script.
Select Modules -> Geometry -> Reload script
The model does not change.
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Note that this action (editing the script, reloading the script) has conserved the geometry and
the physical group definitions. It cannot be applied on the mesh, though. The mesh needs to be

recreated each time the script is reloaded.

Now, we can change the values of the variables. For example, the thickness of insulation is

changed from 11 mm to 33 mm. Dimensions of the steel section can also be changed.
It suffices to change one line in the script, then reload it, and the model is adjusted.

|| Thermalsteel.geo - Notepad -

File Edit Format View Help
// Gmsh project created on Fri Apr @1 16:28:57 2022
SetFactory("OpenCASCADE");

d -3325

bf = 9.312;

tf = 0.8282;

tw = 0.21806;

k = ©.0432;

11+

Point(1) = {tw/2, @, @, 1};

1+

Point(2) = {tw/2, (d/2)-k, @, 1};

11+

Point(3) = {(tw/2)+k-tf, (d/2)-k, @, 1};
11+

Point(4) = {(tw/2)+k-tf, (d/2)-tf, @, 1};
17+

Point(5) = {bf/2, (d/2)-tf, 8, 1};

1+

Point(6) = {bf/2, d/2, @, 1};

/1+

Point(7) = {@., d/2, @, 1};

1+

Translate {thi, @, @} {
Duplicata { Point{1}; }
}
11+
Translate {thi, -thi, @} {
Duplicata { Point{2}; Point{3}; Point{4}; Point{5}; }

<

Ln 9, Col 1 100%  Windows (CRLF) UTF-8

¥ Run torsion analysis

2
T ThermalSteel geo - Notepad

File Edit Format View Help
// Gmsh project created on Fri Apr @1 16:28:57 2022
SetFactory(“OpenCASCADE");

= 08.332;
f = 8.312;
f = 9.8282;
w = 8.0180;

= 8.0432;

hi = 8.833;

Ao oo

I+
Point(1) = {tw/2, @, @, 1};
/1+

Point(2) = {tw/2, (d/2)-k, @, 1};

/1+

Point(3) = {(tw/2)+k-tf, (d/2)-k, 8, 1};
I+

Point(4) = {(tw/2)+k-tf, (d/2)-tf, @, 1};
/1+

Point(5) = {bf/2, (d/2)-tf, @, 1};

I+

Point(6) = {bf/2, d/2, @, 1};
/1+

Point(7) = {6., d/2, @, 1};
I+

Translate {thi, @, @} {
' Duplicata { Point{1}; }
}
/1+
Translate {thi, -thi, @} {
Duplicata { Point{2}; Point{3}; Peint{4}; Point{5}; }

<
Ln9, Col 13 100%  Windows (CRLF) UTF-8

© Thomas Gernay
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| ThermalSteel.geo - Notepad = [m] X
File Edit Format View Help
// Gmsh project created on Fri Apr 01 16:28:57 2022 A 0.327
SetFactory("OpenCASCADE"); I [
S
bf = 0.312;
tf = 0.8282;
tw = 0.0180;
k = 0.0432;
thi = @.011; 0.164
1+
Point(1) = {tw/2, @, @, 1};
1+
Point(2) = {tw/2, (d/2)-k, @, 1};
1+
Point(3) = {(tw/2)+k-tf, (d/2)-k, @, 1}; ol
11+
Point(4) = {(tw/2)+k-tf, (d/2)-tf, @, 1};
1+
Point(5) = {bf/2, (d/2)-tf, @, 1};
1+
Point(6) = {bf/2, d/2, @, 1};
/1+
Point(7) = {@., d/2, @, 1}; -0.164.
1+
Translate {thi, @, @} {
Duplicata { Point{1}; }
)
+ . .
Translate {thi, -thi, 8} { 20
Duplicata { Point{2}; Point{3}; Point{4}; Point{5}; } [ I
v o ri
«}' > 0'- 167  -0.0835 0 0.0835 0.167

Ln4, Col 1 100%  Windows (CRLF) UTF-8
TIMEPRINT,UPTIMEPRII

For each case:
- Edit the script, and modify the required input (e.g., depth d of the profile)
- Reload the script with Modules -> Geometry -> Reload script
- Recreate the mesh (see Section 5)
- Create SAFIR input file and run the file (See Section 6)

ThermalSteel XML - o x
Fle Edit ODiplay Plot Results Options Window Help
i@k WA &® X | iiNodss [isolids (Jfrontiers [Jcontour EMesh
iTime Steps | 7200 | Pllemperature BiChart | iLabels|Pick node] [All Nodes| [Remave Al .

Diamond 2016 for SAFIR

FILE : ThermalSteel
NODES : 1037
SOLIDS : 1792

MESH PLOT
TEMPERATURE PLOT

TIME : 7200 sec

TEMPERATURE :
_ 916.5°C to 1045°C

788.4°C to 916.5°C
660.3°C to 788.4°C
532.3°C to 660.3°C
404.2°C to 532.3°C
276.1°C to 404.2°C

148.1°C to 276.1°C
20°C to 148.1°C

Legend | Viewpoint | Selection | Options
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