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SAFIR® training session — level 1
Johns Hopkins University, Baltimore

Example: 3D structural model with shell and beam elements
“Membrane effect in a reinforced concrete slab supported by steel beams”

T. Gernay & J.M. Franssen
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1. General description

This example deals with a steel-concrete structure. A reinforced concrete slab is supported by
peripheral and central steel beams. The structure is simply supported at its four corners.

General data:

15 m by 12 m plane dimensions
Reinforced concrete flat slab of 0.16 m thickness
o Two layers of orthogonal steel mesh (393 mm2/m per layer per direction)
Protected (cold) peripheral steel beams IPE550
Two unprotected (hot) central steel beams IPE550
o The central beams span 15 m and are spaced by 4 m
Simply supported
Fire: natural fire curve with a cooling phase
Loads: uniform distributed load

;S

Concrete:

Compressive strength 30 MPa
Tensile strength 0.5 MPa

Steel for IPE550:

Yield strength 355 MPa

Steel for reinforcement bars:

Yield strength 500 MPa
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2. Create section for IPE550 steel beam

The objective is to create a IPE550 section with a slab, exposed to the natural fire curve.

The section file has to be created for a subsequent 3D structural analysis. Therefore, it will
also include a torsional analysis.

2.1. Create a project in 2D for Thermal Analysis

From the pull down menu select:
Data -> Problem type -> SAFIR2016 -> Safir_Thermal_2d

E GiD x64 Project UNNAMED (SAFIR2016\Safir_Thermal_2d)
Files View Geometry Utilities Data Mesh Calculate Cross-Section Help

0 © @ | {-\ /\‘ ___;____‘c-I- Problem type ansys55 » § l @ ? | ﬂ

© e Conditions Caltep
ol Matenials Examples ’
- u [E problem data A Fluent
- — T L) OpenFoam
@ SAFIR2016 Safir_Structural_2d
TS X SAP2000 Safir_Structural_3d
g - Sanshorm v Safir_Thermal_2d
A £ S Safir_Thermal 3d
ol g . Ve Safir_Thermal_tsh
oad... '
\ 3 g Unload
B Debugger...
\ - e
P, Al s
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To save the project select (or use icons on the left):
Files->Save or or [Ctrl + s]

Enter a file name, e.g.: IPE550

GiD creates a directory with the name IPE550.gid

GiD creates a number of system files in this directory.

When you start the SAFIR calculation the Safir . IN, .OUT and .TEM files will be created
in this directory.

2.2. Create the geometry in the xy-plane

From the pull down menu select:
Cross-Section->1-Profile

Select IPE as type, |PE 550 as Profile, tick exact shape, put 1000 mm as slab width
and a slab height of 160 mm
Click on Apply
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Create | - Profile n

Type IPE -
Profile [PE 550

“lIPE 450
IPE © 450
IPE A 500
IPE 500
IPE © 500
IPE A 550
IPE O 550
IPE A 600
»|IPE €00

Height(h) |550 mm
Width(b) [210 mm

Web(tw}|l1.1 mm
FIange(tf}[l?.z mm
Radius(r) ,2-17 mm
exact shape v
Concrete Slab v
Slab Width | 1000 mm

Slab Height |160 mm
Apply | Close |

Note: GiD-Safir will create an IPE550 profile. The center of this profile will be
automatically centered on the 0,0 point of the xy-plan.
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2.3. Create and assign a temperature curve

In this exercise, we will suppose that you want to import your own fire curve of temperature.
In order to permit to GiD-Safir to use your data, you have to first create a .txt document.
Open your Notepad and wrote as many line as necessary, each line being, in a free format,

a pair of values in the form:
TI

ME

TEMPERATURE

Save the file created. Here, we are going to save under the name: Fire.txt
Then copy the Fire.txt file in the IPE550.GID file you just created.

|2 DASAFIR\Courses_SAFI...

hd

File Edit Search View Encoding Language
Settings Tools Macro Run Plugins Window 7

[4] | =] GIB]| | m
Bﬁremﬂl
1
2 0. 20.
3 600. 700.
4 1200. 790.
5 1800. 841.
© 2040. 800.
7 2400. 740.
2 3000. 630.
9 3e00. 530.
10 5400. 216.
11 6600. 20.
12 10800. 20.

Ln: Windows (CR LF)

UTF-8

INS

In GiD, from the pull down menu select:

Data->Conditions

Selectthe - button

On the first pull down list: Frontier constraints
On the Temperature curve pull down list USER

Conditions n
o

%Fronner constraints . ’ 2 @

Temperature curve USER > £

File name of USER-Temp.curve|Fire.txt |

{ Assign Entities Draw Unassign J

Close

Write the File name of user temperature curve in the dial box (Fire.txt in this example).
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Click on the Assign button and assign it to profile and slab lines as shown below.

COBERET BB e vsle?a e
Y

PART-T N
GGlrgo |

T
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¥ @

File name of USER-Temp.curve Firetrt

oA =

&

M user

Nw on, conditions willbe drawn by color
press ‘escape’ to leave

Command: W+
Zoom: 146 Nodes: 0 Elements: 0 Rendier Smaoth Layers | (0.7507, 0038388, 0 pre

Press [Esc] or click on Finish to confirm
Select DRAW->Colors in the Conditions dialog box to display the frontier constraints
Press [Esc] or click on Finish to leave this view mode

Then select F20 as temperature curve

T
¢il Conditions
Y s
Frontier constraints - ? @
Temperature curve F20 —
Hzzign Entitiez Liraw Unassign
Cloze

And assign it to the upper line of the slab, as shown below:

CEOIBE S @O e elwza e
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PARY-1 )
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E . Wea

[ user

#

Hades: 0 Hements: 0 Render, smacth Laves: 1 0837 01 @
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2.4. Assign a torsion constraint (for the torsional analysis)
In GiD, from the pull down menu select:
Data->Conditions

Select the —_ button
On the pull down list: Torsion constraints

2 -

Torsion Constraint \/‘ K2 @

Assign Entities Draw Unassign

Close

Select the node on the vertical axis of symmetry of the steel profile, at the connection with
the slab (see below). Validate with Finish.

o

Firush
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2.5. Assign the materials

From the pull down menu select:
Data->Materials
Select STEEL from the dialog box pull down list
The Thermal tab is active.
Then select:
STEELEC3EN as Material Type

A Convection Coeff hot of 35

A Convection Coeff cold of 4

A Relative Emission of 0.7

STEEL v B O Kl v | @

Thermal | Mechanical

MaterialType STEELEC3EN ~
Convection Coeff hot|35
Convection Coeff cold 4
Relative Emission|0.7

[ Assign Draw Unassign Exchange ‘

Close

Then select the Mechanical tab. Input:
A Young modulus of 210 000 MPa
A Poison ratio of 0.3
A Yield strength of 355 MPa

Materials n
oK =wa

STEEL v

Thermal Mechanical

E-Medulus (Young)|2.1e11
Poisson ratio|0.3
Yield strength (N/m*2)|3.55e8

Assign Draw Unassign Exchange

Close

Click on Assign-> Surfaces and assign it to the IPE550 surface
Press [Esc]| or Finish to confirm
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Select CONCRETE from the dialog box pull down list. Then fill as below:

Materials n Materials n
CONCRETE M7 1S R= @ CONCRETE J#le K - @
Themal | Mechanical Thermal ~Mechanical |
MaterialType SILCONETC ~ Poisson ratio| 0.2
Specific mass{2400. Compressive stengh (fc) | +3.0e1
Moisture content{45 Tension strength (fc) +U‘5ed
Cenvection Coeff hot|35
Convection Coeff cold|4
Relative Emission|0.7
Parameter of thermal conductivity|0.5
Assign Draw Unassign Exchange Assign Draw Unassign Exchange
Close Close

Note: The compressive strength has been divided by 10° (value: 30 N/m2). This is because
the mechanical properties input here are used for the torsional analysis. In this torsional
analysis, we want to consider the stiffness of the beam only (not the slab), because, in the
structural model, the slab will be modeled by shells. In the concrete model, the Young
modulus is calculated from the compressive strength; hence, reducing the strength

automatically reduces the stiffness.

Click on Assign-> Surfaces and assign it to the slab surface
Press [Esc] or Finish to confirm

Select DRAW->all materials in the Material dialog box to display Materials
Press [Esc] or Finish to leave
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2.6. Assign the general data

From the pull down menu select:
Data->Problem Data

In the Problem Data dialog mask enter:

TIMESTEP, UPTIME, TIMEPRINT as needed

Do not forget to tick the box Autorun Torsion Analysis

Also tick the box Consider reduction of torsional stiffness and leave the value as 0.1

Problem data n

\? 2
Title 1| Safir_Thermal
Title 2| Mesh_from_G
TETA|0.9 1
TINITIAL[200 |
SOLVER PARDISO +
NCORES| 1
Type of calculation MAKETEM +
Global center (Yo) |0
Global center (Zo) |0
Center of torsion(Yc) |0
Center of torsion(Zc) 0
NVOID|0
TIMESTEP|12
UPTIME| 10800
TIMEPRINT | 60

Auto run torsion anaysis and insert result in Tem file

Censider reduction of torsional stiffness
reduction coeff|0.1

Accept Close

Click on the Accept data button

Note: The global center of coordinates (0,0) is by default positioned at the center of the steel
profile. This position can be adjusted here to consider the relative position of the steel profile
with respect to the rest of the structure in the structural model. This will be discussed later
when defining the structural model.

Note2: In this case we are using a temperature curve with user’s values. As you can see in

the Fire.txt file, the last time step is at 10800s. The UPTIME have to be lower or equal to
this value.
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2.7. Create the mesh
We will assign 10 elements over the slab thickness to reduce the skin effect.

Select Mesh->Structured->Surfaces->Assign number of cells
Select the slab surface, press [Esc] to validate

Enter 10 as the number of cells to assign to lines

Select the left vertical line of the slab and press [Esc] to validate

& Gip x4 Project IPESSD (SAFIR\Safir_Thermal_2d)
Files View Geometry Utiities Deta Mesh Cakculate Cross-Section AboutProblem Type Help
S » 7

OP O RR R Vet bl 4
SIS Structured . Lines v

= » =] Surfaces Assign number of cells
- Cartesian 2 »| Assignsize
» Boundary layer 3
a
kTl Quadratic type 4
9 Eement type »
/( Mesh criteria »
ol Reset mesh dats
h Draw » T — ]

< Genesate mesh... Ctrl-g

Edit mesh 3

Mesh options from maodel

]‘ —amr—

Entered new Problem data. Leaving

Lo SR BY R P %P L PAR @RI g ® |

Command: |
Zoom: 149 Nodes: 0. Elements: 0 Render: Normal Lavers: 1 (-D57072. DAB319. O)

Select Mesh->Generate mesh or use [Ctrl + ]
Enter 0.03 as size of elements to be generated
Validate with OK

Mesh generation n
Enter size of elements to be generated
003 v

[] Get meshing parameters from model

0K Cancel

Click on View mesh to visualize the mesh
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[ cip k64 Project: IPESS0 (SAFIR\Safir_Thermal_2d) - o x
Files View Geometry Utiities Data Mesh Calculate Cross-Section AboutProblem Type Help
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Saved
Command: +
Zoom: 1.45x Nodes: 520, Elements: 490 Render. Normal Lavers: 1 ( 0.72481, -0.042271, M) Pre

2.8. Start the calculation

From the pull down menu select:
Calculate->Calculate window
Click the Start button

Click the Output View button

GiD creates a .IN file in the project directory and starts the calculation.

In the output window you can see the calculation progress from SAFIR and the GiD
interface program which generates GiD postprocessor files from the .OUT file.

Once the calculation is done, you can open the . XML file with DIAMOND.

Diamond 2016 for SAFIR
FILE : IPE550
NODES : 520
SOLIDS : 490

MESH PLOT
TEMPERATURE PLOT

TIME : 1200 sec

TEMPERATURE :
N - 800°C

I 700°C to 800°C
1 600°C to 700°C

500°C to 600°C

400°C to 500°C

300°C to 400°C

200°C to 300°C
I 100°C to 200°C
¥ I 0°C to 100°C

LZ I < 0°C

Legena | Viewpoint | Setection | Options
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3. Create section for concrete slab
3.1. Create a project in 2D for TSH thermal analysis

From the pull down menu select:
Data->Problem type->SAFIR2016->Safir_Thermal TSH

Files View Geometry Utilities | Data | Mesh Calculate Help

CO Q| BLREsd  Poblemype ansysss el 8

2 e Conditions L) Caitep
= Matenials Examples
F ¢ [BProblemdsta | [ Fluent
8l — L) Openfoam
a @ SAFIR2016 Safir_Structural 2d
LT B - X SAP2000 Safir_Structursl_3d
O Safir_Thermal 2d
E: Transform.. ST i
8
/ . [) Intemnet retrieve... = %
& v Safir_Thermal_tsh
i Load...
& Unload
- Debugger...
\ B2 e
)
-
i
&% [

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

Files->Save or e or [Ctrl + 3]

Note: If Caps lock is active on your keyboard, shortcut do not work

Enter a file name, e.g.: Slab16

GiD creates a directory with the name Slab16.gid

GiD creates a number of system files in this directory.

When you start the SAFIR calculation the Safir .IN, .OUT and .TSH files will be

created in this directory.

Copy the file Fire.txt file in the Slab16.GiD directory you just created.

3.2. Create the geometry (slab cross section) in the xy-plane

GiD will open automatically a new window.
Put 0.16 m as shell thickness and 20 as number of elements, as shown below:

Create Shell-Section n

Shell_Thickness(t) in meter 0.16
Number_of_Elements(n) |20

Apply | Close |
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Click on Apply

B Sate Trematssh 64 Prsect Sab16 (S4FRSatiTharma ) o x
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Nodes: 0, Bements Render Normal [ (033884, 001988, Q) Pre

Note that the section is centered with respect to the y-axis.
It means that in the structural model, the nodeline of the shell elements is located at mid-height
of the section (if no modification of the nodeline is made by the user).

3.3. Assign the thermal boundary conditions

From the pull down menu select:
Data->Conditions

\GD)
Files View Geometry Utilities | Data | Mesh Calculate Help

CO O REBERd Protlemtpe ) Lyen
- Conditions

» : Materials

- u ["E Problem data

a2

Select:

On the first pull down list: Frontier constraints
On the Temperature curve pull down list USER
Write the File name: Fire.ixt
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Click on the Assign button and assign it to the lower line as shown below.

B Safr_Themal tch 262 Project Slab02 (SAFER01ESafr Thermal tsk)
Fles View Geometry Ulties Oata Mesh Cakodate Help
EE- IR AL ]
z 1 a
g
Temperature curve USER
A File name of USER- Temp,curve fre.it
b
L -3 1 a
Az
= 7
J0% s i
R
—HQ Clozs
<
R
g a #
T ¥
Fix i
af 1

Press [Esc] or click on Finish to confirm

Next, select:
On the Temperature curve pull down list F20
Click on the Assign button and assign it the upper line as shown below

Praject: Siab02 (SAARZNGSafir Themal tshy

DD e & el

2 ]
Lk ]
fa
2 h
Finizh Finish
;;;;;
3 1 a

3D Membrane 15



SAFIR® training session Tutorial — 06/2018

Select DRAW->Colors in the Conditions dialog box to display the frontier constraints
Press [Esc] or click on Finish to leave this view mode
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You will need to have the file Fire.txt file in the Slab16.GiD directory for the analysis to run.

3.4. Assign materials

From the pull down menu select:
Data->Materials
Select CONCRETE from the dialog box pull down list

Materials n
CONCRETE v!@ AP  IESIR-

MaterialType SILCONETC ~
Specific mass|2400.
Moisture content|48
Convection Coeff hot|35
Convection Coeff cold |4
Relative Emission|0.7
Parameter of thermal conductivity| 0.5

Assign Draw Unassign Exchange

Close
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Then select:

SILCON ETC as Material Type

A specific mass of 2400

A moisture content of 48

A Convection Coeff hot of 35

A Convection Coeff cold of 4

A Relative Emission of 0.7

A Parameter of thermal conductivity of 0.5

Click on Assign-> Surfaces and assign it to the surface
Press [Esc] or Finish to confirm

Note: a description of the material SILCON ETC is given in the following paper (for the
mechanical behavior). Please cite this paper when using SILCON ETC or CALCON ETC.

Gernay, T., Franssen, J.-M. (2012). A formulation of the Eurocode 2 concrete model at elevated
temperature that includes an explicit term for transient creep. Fire Safety Journal, 51, 1-9.
http://hdl.handle.net/2268/114050

Select DRAW->all materials in the Material dialog box to display Materials
Press [Esc] or Finish to leave

&
COBIERRE DS RD b &l E? 4 e

Lol Close

ppppppppppppppp

Commant e
e

Tenm: v Hedes: 0 Flemente: Blender: Smanth Lnees: 1 1000078 00T M

3.5. Define the general problem data

From the pull down menu select:
Data->Problem Data

In the Problem Data dialog mask enter:
TIMESTEP, UPTIME, TIMEPRINT as needed
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Click on the Accept data button

Problem data n

\? 2

General | Rebar-Layer-Local | Rebar-Layer-Global |

Title 1|Safir_Shell_Te
Title 2| Mesh_from_G
TETAl0S |
TINITIAL|20.0
SOLVER PARDISO ~
NCORES|1
Type of calculation MAKETSH +
TIMESTEP|12
UPTIME| 10800
TIMEPRINT | 60

Accept Close

Note: When you click with the left button on one of the variables, GiD will display a short
description of the variable. The variables are also described in more detail in the SAFIR manual.

Click on the Rebar-Layer-Local tab and fill as shown below:

Problem data n
2

General Rebar-Layer-Local Rebar-LayEr-Gluba||

Rebars-Local 4 ~
Rebar-Locall MATERIAL |2
Rebar-Local1 SECTION|0.000393
Rebar-Locall LEVEL|-0.045
Rebar-Locall ANGLE|D
Rebar-Local2 MATERIAL |2
Rebar-Local2 SECTION (0.000393
Rebar-Local2 LEVEL|-0.045
Rebar-Local2 ANGLE|90.
Rebar-Local3 MATERIAL |2
Rebar-Local3 SECTION (0.000393
Rebar-Local3 LEVEL|0.045
Rebar-Local3 ANGLE |0
Rebar-Locald MATERIAL |2
Rebar-Local4 SECTION |0.000393
Rebar-Locald LEVEL|0.045
Rebar-Locald ANGLE|90.

Accept Close

Rebars-Local is the number of rebar layers in the section type. Here it is equal to 4, because the
mesh consists in one upper layer and one lower layer in each orthogonal direction.
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Rebar-Locall MATERIAL is the local material number of the layer 1. In this case it is equal to 2
(concrete is material 1, steel is material 2). The rebar material type will have to be defined later
for the mechanical calculation.

Rebar-Locall SECTION is the cross sectional area of the rebars in this layer 1 in [m?/m]. In this
case, it is equal to 393 mm#/m, assuming a 200mm x 200mm grid with a rebar diameter of
10mm:

Section =t * (0.010%/4) / 0.200 = 393 e-6 m3/m

Rebar-Locall LEVEL is the position of this layer in y axis with respect to the thickness (the
TSH section is by default centered in y-axis). Here the cover from lower face to rebar axis is
35 mm; therefore the LEVEL is —(0.080-0.035) = -0.045

The same data has to be input for the other layer: Rebar-Local2-3-4 (because here the mesh is
equal in both directions and both upper and lower layers), but with an angle of 90° (orthogonal)
and a position of 0.045 for the upper layer.

Click Accept and then Close.

Note that alternatively, you can define the rebars in the global axes.
In that case, click on the Rebar-Layer-Global tab and fill as shown below.

Problem data n
2

General | Rebar-Layer-Local Rebar-Layer-Global

Rebars-Global 4 ~
Rebar-Globall MATERIAL|2
Rebar-Global1 SECTION|0.000393
Rebar-Global1 LEVEL |-0.045
Rebar-Globall N1/|1
Rebar-Globall N2|0
Rebar-Global1 N3|0
Rebar-Global2 MATERIAL |2
Rebar-Global2 SECTION|0.000393
Rebar-Global2 LEVEL |-0.045
Rebar-Global2 N1|0
Rebar-Global2 N2|0
Rebar-Global2 N3|0
Rebar-Global3 MATERIAL |2
Rebar-Global3 SECTION|0.000393
Rebar-Global3 LEVEL|0.045
Rebar-Global3 N1|1
Rebar-Global3 N2|0
Rebar-Global3 N3|0
Rebar-Global4d MATERIAL |2
Rebar-Global4 SECTION|0.000393
Rebar-Global4 LEVEL |0.045
Rebar-Globald N1|0
Rebar-Globald N2|0
Rebar-Globald N3(0|

Il

l

\

i

Accept Close
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Rebar-Globall N1-N3 defines a vector in the global system of coordinates of the structure. The
rebars have the orientation of the line which is the intersection between the shell element and a
plane that is perpendicular to the vector (see SAFIR manual).

If the norm of the vector is O, then the orientation of this bar layer is perpendicular, in each
element, to the previous bar layer (not possible for bar layer 1).

Here, considering that the shell elements will be defined in the plane x-y in the global system
of coordinates, the first vector is given by <1,0,0>. As a result, the rebar layer will be oriented
in the direction parallel to the global y-axis.

3.6. Define the mesh

To create meshes select from the pull down menu:
Mesh->Generate mesh or use [Ctrl + g]

The number of elements will be as already defined above.
Note: In .TSH thermal analysis, the heat transfer is unidirectional across the thickness of the

shell element. Therefore, only 1 FE is used on the width (i.e. in x-direction). Also, the width is
irrelevant for the calculation (whether it is 1 m or 0.1 m will have no impact on the calculation).
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3.7. Start the calculation
From the pull down menu select:

Calculate->Calculate window
Click the Start button
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Process window

Project Starttime UID Priority
Slab02 Wed Nov 08 15:18:16 11404 Normal Calcul

<

Output view = Terminate

Start Start remote

GiD creates a .IN file in the project directory and starts the calculation.
In the output window you can see the calculation progress from SAFIR and the GiD interface
program which generates GiD postprocessor files from the .OUT file.

3.8. Debug - Check the results

If there is an error message, or the calculation did not run properly:
- Check that GiD has created a .IN file in the project directory
- Check that a .OUT file is also present in the project directory
- Open the .OUT file, go to the end of the file and check whether there is an error message
- It is also interesting to look at the .IN file line by line, with the help of the SAFIR

manual, to verify whether the model is correct

When the calculation has run properly, a .OUT and a .XML files have been created which
contain the results. You can open the . XML file using DIAMOND. There, you can check the
geometry, the mesh, the thermal boundary conditions, the distribution of temperature across the
section as a function of time, etc. It is important to have a look at the results with a critical
mind before proceeding to the next step, which will make use of the thermal results.

3D Membrane

Diamond 2016 for SAFIR
FILE : Slab16

NODES : 42

SOLIDS : 20

FRONTIERS PLOT
MESH PLOT
TEMPERATURE PLOT

TIME : 1800 sec

FRONTIERS :
1 F20
2 Fire.txt

TEMPERATURE :
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4. Create model for the 3D structure

4.1. Modify the node line in the . TEM file

As a general rule in GiD:

- If you are using the “Cross-Section” option to create a profile in thermal 2D GiD-Safir
always center the profile on the 0,0 point of the plan who is located at the middle of the
section height as shown below.

- If you are using the thermal TSH mode, GiD-Safir will automatically center the shell

element node line on 0,0.

As aresult, currently, the nodelines of our beam (IPE550.tem) and our slab (Slab16.tsh) are
not consistent. We have to adjust them for the structural model.

h/2

2

h/2

Open the ipe550.tem file.
On the 3 line you can see the line “NODELINE”. The two 0.0000E+00 numbers are
respectively the YO and the Z0 coordinate in meter of the global center.

Q{ DASAFIR\Courses_SAFIR\Formation-20180621\GID-Examples\SAFIR-training-5b-Membrane_Beams\IPES50\ipe550.
File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window ?

8= AET=1P ] o il 22 |EE S 1EEREEDE®|E
B sizb1275H £ [Eipesstiem ﬂl
1 NFIBERBEAM 490
2 FIBERS
3 NODELINE 0.0000E+00 0.0000E+00
4 YC ZC 0.0000E+00 0.0000E+00
5  -0.263533BE+00 0.206333E-01 0.127280E-03 1 0.000000E+00
& —-0.263533E+00 0.493333E-02 0.127280E-03 1 0.000000E+00
7 —0.263533E+00 0.99%667E-01 0.12%860E-03 1 0.000000E+00
5  -0.263533E+00 0.681667E-01 0.129860E-03 1 0.000000E+00
9  -0.263533E+00 0.3640008-01 0.129000E-03 1 0.000000E+00
10  -0.263533E+00 0.8406678-01 0.129860E-03 1 0.000000E+00
11 —-0.263533E+00 0.522667E-01 0.12%860E-03 1 0.000000E+00

To displace the local center as show below, write YO = 0.3550E+00
(calculated as: h/2 + e/2 = 275 mm + 80 mm = 0.355 m)
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2
-2 I -

h/2 + el2

-I-.-I-

[;}1’ *DASAFIR\Courses SAFIR\Formation-20180621\GiD-Examples\SAFIR-training-5-Membrane_Beams\IPE550\ipe550.tem
File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window ?

el =L IR R L R R EIER =D REECE
Bl sizp16T8H &3 Hipessttem ml

1 NFIBERBEAM 490

2 FIBEERS

3 NODELINE 0.3550E+00 0.0000E+00

4 YC_ZC 0.0000E+00 0.0000E+00

5 —0.2€3533E+00 0.20€333E-01 0.127280E-03 1 0.000000E+00
& -0.263533E+00 0.493333E-02 0.127280E-03 1 0.000000E+00
7 —0.2€63533E+00 0.999¢€7E-01 0.129860E-03 1 0.000000E+00
g —0.2€3533E+00 0.68lee7E-01 0.1298¢0E-03 1 0.000000E+00
9 —0.2&3533E+00 0.364000E-01 0.129000E-03 1 0.000000E+00
10 —0_2&63533Fr+00 0_840667F-01 0_129860F-03 1 0_000000F7+00

Save this file and use it in the subsequent structural analysis.

4.2. Create a new project for structural 3D analysis

From the pull down menu select:
Data->Problem type->SAFIR2016->Safir_Structural_3d

})

&([.'\-

Ad [

E Safir_Structural_3D x64 Project: UNNAMED (SAFIR2016\Safir_Structural_3d)
Files View Geometry Utilities Data Mesh Calculate Structure Help
OO S| BB Problemtype —= 'S 22| ¥
= ) | L] Caltep
Oﬂ L ] Constraints
| Examples »
N Loads L] Fluent
‘H = Properties L3 OpenFoam
A @ SAFIR2016 Safir_Structural_2d
@ i Mass 3¢ SAP2000 v Safir_Structural_3d
0 . Problem Data I Transform Safir_Thermal 2d
¥ Ei | 8 Irseonct reticve Safir_Thermal_3d
a Material — Safir_Thermal_tsh
- Load...
load
\ a Release Unlea
- Debugger...
—‘\ i Local axes > T
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To save the project select (or use icons on the left):

Files->Save or or [Ctrl + 5]
Note: If Caps lock is active on your keyboard, shortcut do not work

Enter a file name, e.g.: 3DMembrane

GiD creates a directory with the name 3DMembrane.gid

GiD creates a number of system files in this directory.

When you start the SAFIR calculation the Safir .IN and .OUT files will be created in this
directory.

4.3. Copy-Paste the section files in the structural analysis directory
GiD has created the directory 3DMembrane.gid

The structural input file, which will be created in this directory, will require the information
from the section files. Therefore, these sections files need to be located in the same directory.

Copy and paste the files ‘ipe550.tem’and ‘Slab16.tsh’ in the directory 3DMembrane.gid

In the model, the peripheral beams are assumed to remain at ambient temperature (considering
that there are sufficiently protected from the fire). We will thus create a new section, which is
the same as ‘ipe550.tem’, but remains at ambient temperature.

Create a copy of the file ‘ipe550.tem’. Rename it ‘ipe550c.tem’.

Open the file ‘ipe550c.tem’. Change the line HOT into COLD.

Save and close the file ‘ipe550c.tem’.

Copy and paste the file ‘ipe550c.tem’ in the directory 3DMembrane.qgid
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4.4. Create the system geometry (3D structure)

The view is by default in the x-y plane. Here, the plane of the shells will be defined in the x-y
plane, thus the view can be kept as is.

Yet if you want to change the view:

To change to the 3d isometric view select from the pull down menu:
View->Rotate->isometric

Or if you want to define a point of view by your own use:

View->Rotate->Trackball or [F7] or f}

Create the system lines:

~

Geometry->Create->Straight Line or

Enter in the command line (at the bottom of the widows):
0,0,0 15,0,0 and press [Enter]
Then press [Esc] to leave

[ sane Structural 30 k64 Project: I0Memibrane (SAFIRZ016Salil Siruciual )
ometry  Ubilities Data Mesh  Caboulste  Structure  Help

Files View Ge y
COIIDTERD DA i Jeleela
~ .

NGOG Y
@@rgd |

\ BFD=14!

HBLBPxA LA

LB

A

Leaving line crestion. 1 new lines
Enter points to define line (ESC to leave)

Q %

Comman: ot [
Zoom: Tx Nodes: , Elements: 0 Render: Norma Layers: 1 (4228, M

To create the 3 other lines and the corresponding surfaces:
Utilities->Copy or [Ctrl + c]
And fill as shown below:
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Copy

Entities type:  Lines v
T ot Translati =
First point
Num: x 0.0
| | y: [00
e  z|00
Second point
Num: x |00
| | y: |40

o zfpd |

[] Collapse
Do extrude: Surfaces ~

Create contacts

4 Maintain layers
Multiple copies: [3 |
Select Cancel

Then click on select and select the line and press [Esc]

' Sal_Structural_30 xE4 Project I0Memtrane (SAFIR201E,Salr_Structural_3d}
Files View Geometry Utilities Data Mesh Calculste Structure Help

CPa | BRRP BRI DD e

Mgl #?4H

o e
PP ]
éﬁ Entities type:  Lines =
o i Transformation:  Translation =
/ E First pairt
. .& Mure = |00
N - e —
"J ‘:’__:r @ | = (00
9 j = :‘:Dnd point
e T [« H
a3 e
a7
Z i S
gé ) Do extrude:  Surfsces -
q‘?ﬁ A Maintain layers
B Mubtiple copees: ’3_|
B
I\k . Select Cancel
£ A
& v
<&

Selected 1 Lines
Gearnetry has 3 new surfaces® new linesé new points. Leaving

Command:

Zoom: 126 Nodes: 0, Elerments:

To see nodes and beams numbers select:

View->Label->All
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Render: Normal
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4.5. Define constraints for the supports

From the pull down menu select
Data->Constraints
Select Point Constraints

Select y and z constraints and assign them to POINT 1 and press [Esc].
Select y and z constraints and assign them to POINT 2 and press [Esc].
Select x and z constraints and assign them to POINT 7 and press [Esc].

Select z constraint and assign them to POINT 8 and press [Esc].

In the dial box, with Draw->Colors you can display the constraints.
Press Finish or [Esc] to leave this view mode.

[ safir_Structural 3D x64
Files View Geometry Utiities Data Mesh Calculate Structure Help

OCPO|BRRP BE|ID aw
P e

Project: 3DMembrane (SAFIR2016\Safir_Structural_3d)

J8gle?49

b

Point-Constraints

[ x-Constraint

straint:
straint:
4 ¥-Constraint:
straint:

PARY-Y X"
@RIhE® |

YEal®)

ARA T
OHBHBIBPRTA L AA

AN

/Added 1 new points to the selection. Enter more points. (ESC to leave)
Assigned 1 new Points to condition: Point-Constraints

Bl

QBB RDP|IBE| D Lo J8|l2?49

Constraints a

"W e W RO :

Finish Press Finish! to end selection [ 2

28 |2

SEBHBYBPAPALIAAN QRN O Ko S,

3

2 |

Now on, conditions will be drawn by color
press ‘escape’to leave

3D Membrane
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4.6. Assign the loads

From the pull down menu select

Data->Loads

In the dial box, select Global Shell Load and enter a Z-Pressure of -4500 N/mz2,
Select the load function FLOAD to apply the load in 20 sec.

Assign the load to all Shells.

Loads

o |
Global Shell Load - e 3
X Pressure|0.0
Y Pressure 0.0
Z Pressure|-4500
LOADFUNCTION FLOAD  ~

Assign Entities Draw  Unassign

Close

Apply to surfaces 1, 2 and 3.

[ safir_Structural_3D x84 Project: 3Dmembrane (SAFIR\Safir_Structural_3d)
Files View Geometry Utilities Data Mesh Calculate Structure  About Problem Type Help
CoBERP DR PD yw BE-IRCA AL |
& 8
i’
52 - ;
o= %
) E o ) ,
—$ s a
8 Zpre 5
1 L | 10 AD
TI‘, = ! ol
g % 1 9
S Z ;
e )
3 _;? | Finish
&' 1
— 2 K 4 3
&0 " P
L b 2
P
A 5
@ 10 ) ™
B a

%

,.

L iy
: "
<

Q%

Enter Surfaces with new values
AAdded 3 new surfaces to the selection. Enter more surfaces. (ESC to leave)
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4.7. Create Local Axes

Local Axes: The orientation of the cross-section is controlled by defining a local axes X’Y’Z’
—system.

Global axes system
Beam

Local axes system

Unlike SAFIR which needs a 4th node to describe the orientation of a cross section on a beam,
the GiD-SAFIR interface uses a local X’Y’Z’ axes system. \When you start the SAFIR calculation
the GiD-SAFIR Interface creates the 4th node in the XY’ plane. If the center of the local axes
is not located on the system line of the beam, the direction vector of the Y -axis is used together
with the starting point of the beam to define the 4th node. However the GiD-SAFIR interface
will issue a warning message in the Viewoutput window of the calculation run.

The objective is to create 2 local axes (LAX, LAY) as shown in the figure below.

a0
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From the pull down menu select:
Data->Local Axes->Define

T safir Strcturs_30 x84 Fraiect: 0K emirere (SAFIR200E Safic_Structural 34

Fles View Gtomety Utiites Date Mesh Calculste Stucture Help

\ e
DO BB rovemtpe v} Lo < & E? | H

o g Comsbeaints

3 h
= Leads L
- a Properties .
A =
LT Mass
Q ¥ |
| Problem Data

Ae
i Material

& Release ey

b Lozl mes Define: -

Ay T Draw
e = Draws 2ll
3 1
£ A9 Delete
< I,'q Delete all g

Al
4
-
Lt
(4%
hat' |

12,
fed
®
A
i
fod
=3
T
¥
&
g !,!;‘ it

=0
A, ey

Enter the name of the new local axe LAX
Select 3 points XZ

Dialog window n

o Choose definition mode or delete

Xand Angle Delete

Cancel

Select Point 3 as the local axis center.
Select Point 4 as the point in positive x axis.
Select Point 1 as the point in positive z axis.

Repeat the operations to create the local axe LAY
Select Point 1 as the local axis center.

Select Point 5 as the point in positive x axis.
Select Point 2 as the point in positive z axis.

To draw local axes select:
Data->Local Axes->Draw all

3D Membrane

30



SAFIR® training session Tutorial — 06/2018

4.8. Define the global materials

There are 4 materials:

The steel for the profile IPE550: STEELEC3EN

The material for the slab modeled in the steel thermal analysis: INSULATION
The concrete slab in the shell element: SILCOETC2D

The steel rebars in the shell element: STEELEC2EN

Materia Material n
Temperatures ‘ General Materiall | Material2 | Material3 | Materiald Temperatures | General | Materiall Matenial2 | pateriald | Materiald
Materiall STEELEC3EN ~ Material2 INSULATION =
Mat1 E-Medulus|2.1e11
Mat1 Poisson ratio| 0.3
Mat1 Yield strength|3.55e8
Mat1 Max Temperature| 1200.
Mat1 Rate Decrease Yield Strength|0.
Accept Close | Accept | | Close
T
Material n Material n
Temperatures ‘ General | Materiall ‘ Material2 Material3 | Materiald Temperatures | General | Materiall | Material2 = Material3 Materiald
Material3 SILCOETC2D ~ Materiald STEELEC2EN ~
Mat3 Poissen ratio|0.2 Matd E-Modulus|2.1e11
Mat3 Compressive strength |3.0e7 Mat4 Poisson ratio|0.3
Mat3 Tension strength|0.5e6 Mat4 Yield strength|5.0e8
Mat3 Strain at Peak Stress|0.0025 Matd Max Temperature, 1200.
Mat3 Dilatancy|0.25 Mat4 Rate Decrease Yield Strength|0.
Mat3 Compressive Ductility|0.19 Mat4 Process Fabrication HOTROLLED ~
Mat3 Comp Damage Peak Stress|0.30 Mat4 Class Ductility CLASSB ~
Mat3 Tension Ductility| 1200.
‘ Accept | Close

Note: a description of the material SILCOETC2D is given in the following paper (for the
mechanical behavior). Please cite this paper when using SILCOETC2D.

Gernay, T., Millard, A., & Franssen, J. M. (2013). A multiaxial constitutive model for concrete in the
fire situation: Theoretical formulation. International Journal of Solids and Structures, 50(22), 3659-
3673.
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4.9. Define the properties (i.e. assign temperature files)

The objective is to assign the .tem file named ipe550 and ipe550c to the system lines; as well
as the .tsh file named Slab16.tsh to the system surfaces.

ﬁ Safir_Stnclura_30 x84 Praject: I10Membrane (SAFIR2016\5afir_Stnctursl_3d) - [= ks
Files View Geometry Utilites Datz Mesh  Calculste Structure Help

- == o o
DO BERT BEIRE Ly SE- 1K 22K e
5 e

@ E
GRHi®|

T

= | Y I

Mt Global Nr 2

o4y | B

HOSGHBE B PRI LA

£ |

[ iwessotem Lax21234
[ wessoctemiaxz12 34
I cessoctemiav 21234

From the pull down menu select:

Data->Properties

In the dial box change the File-Name: safir.tem to the temperature file ( TEM file) of the cross-
section, in this case ipe550c.tem.

Change Local-Axes from -Automatic- to LAX

Change the number of materials to 2. The considered beam section properties have 2 materials:
one material for the profile (steel) and one for the slab (which will be replaced by a material
with no structural properties, because the slab is modeled apart by the shell element).

Assign the ipe550c.tem section to beams in Properties o

IPES50 who have a local axe LAX (in this &

case beams 1 and 8). BEAM Cross Section a2 @
File-Name | ipe550¢tem
Local-Axes LAX

Mumber of materials 2 ~
Mat1 Global Nr|1
Mat2 Global Nr|2

J | (=)

[ Assign Entitie Draw Unassigr

Close
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Then, change the local axis to LAY and assign the property to beams 3, 4, 6, 7, 9 and 10.

& safir_Stucturs 30464 Fraject: 10Membrene (SAFIR2016\Safir_Structursl_3d|
y Utlites Dstz Mesh
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Finish Pre ish' to e

)

i
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®

PO 8 e RBY B
o

Then, change the file name to ipe550.tem. Change Local-Axes to LAX. Keep 2 materials.
Assign to beams 2 and 5.

You can draw the local axes of the beams to check the model.
Select Draw -> All Conditions -> Include Local Axes

G@ru® Ko,

SIBRRD BB e LS| 2|8 R

Praperties a

gRV-T- 35 ) 1+)

z ¥ . " LI:J\M Cross Section
T JREAM Cross Section

.

bt [0S,

Hlobal Shell Loaﬂ'.: i
s

7 EAM Cross Sectlon T .
a1 i " ! g
| Finish Press ‘Firish’ to en ey dBlobal Shell Lodd -~
B - - . 3 - -
iint-Congiraint
FolntCongiriats <BEAM Cross Secion
BEAM Cross Seclion - ; -

g labal Shell Lol

L | Yy | &

QENHBLIB PR~ AL 9-Ad |

> i ‘

. . R b
i i “BEAM Cross Section
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e
&

. P .
SEAM Cross Secllon
* e )
¥ Holnt-Consiralnts

Flow on, conditions and local xes will be drawn
E e leave

Finally, select the surface (shell section property). Fill as indicated below.
The shell section property has 2 materials. The materials are concrete from the slab and steel
from the reinforcement bars. These are materials 3 and 4 in the global material system.

3D Membrane 33



SAFIR® training session Tutorial — 06/2018

Assign this shell section property to the 3 surfaces.

Properties n

===
VRN

SHELL Section property v‘ K2 3
Shell Temp File-Name |slab16.tsh
Number of shell materials 2 v
Shell Mat1 Global Nr|3
Shell Mat2 Global Nr|4|

Assign Entities Draw Unassign

Close

4.10. Assign the mass

To define the mass for dynamic calculation, select from the pull down menu:

Data-> Mass
Select Mass on Beam and put 100 kg/m as Distributed-Beam-Mass and 2 as Rotational-Inertia.

Assign to all the beam elements.

Mass for Dynamic Calculation n Mass for Dynamic Calculation n
@’ xS @ . -TE
Mass on Beam x? @ Mass on Shell v| 2 @
Distributed-Beam-Mass| 100.0 Distributed-Shell-Mass|450]
Rotational-Inertia | 2.0
Assign Entities Draw Unassign Assign Entities Draw Unassign
Close

Close

Then, select Mass on Shell and put 450 kg/m2. Assign the mass to all the surfaces.
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4.11. Define the general problem data

Select from the pull down menu: Data->Problem Data
And fill as shown below

General [~ | General B

2 2 2
Calculation parameters ‘ Output optional results | Calcidstion p Output optional results
Title 1Safir_Static 30 [[] PRINTDEPL Print displacement variation
Title 2|Mesh_from_G [[] PRINTTMPRT Print temperatures in the fibers
SOLVER PARDISO ~ [C] PRINTVELAC Print velocity and acceleration
NCORES[1 | [] PRINTFHE Print out of balance forces
Loads DYNAMIC APPRNR = [“] PRINTREACT Print reactions
Convergence COMEBACK ~ (41 PRINTMN Print internal forces of beams
TIMESTEPMIN [C] PRNEIBEAM Print stiffness in beams |
[ Consider max displacement [ PRINTSHELL Print stresses in shell elements L
PRECISION|2.0e-3 [/ PRNNXSHELL Print brane forces in shell elem
NGEOBEAM |2 [C] PRNMXSHELL Print bending moments in shell eler |
NGI2 [] PRNEASHELL Print membrane stiffness in shell eles
NEIBERBEAM 490 [C] PRNEISHELL Print Bending stiffness in shell elemer |
NGEOTRUSS|0 [CJ PRNSTRAIN Print strains and stresses in shell elem:
NGEOSHELL (1
NGSHELLTHICK |8
NREBARS |4
TIMESTEP |2
UPTIME|10800.
TIMESTEPMAX | 256.
TIMEPRINT |20 . l I _.j
reer: W ae= Accept Close

4.12. Define the mesh

Select Mesh -> Structured -> Surfaces -> Assigh number of cells

T 5 St 30064 Fraject: I0Merrbrzne (SAFIR2016Safir_Structursl_ld: #
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. E Boundary yer * Centes structured A
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A Mesh crteria B
i | Reset mesh data
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! Edit mesh .
‘ﬂ |
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s sk 7
] h it i
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&
Sming backup file 'Ci\Users\UTILIS~ T\AppDiste! Local Tempgid? backup-600d.gid... -
S
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Command: | |
Zoorn: 1.26¢ Nodes: 3, Elernents: 0 Render; Narrnal Layers 1 [ B384 11376, 0) Pre
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Select the 3 surfaces.

Assign 6 elements to lines 3, 6 and 9 (lines 4, 7 and 10 are automatically selected because the
mesh is structured).
Assign 24 elements to line 1 (lines 2, 5 and 8 are automatically selected).

Select Mesh -> Mesh criteria -> Mesh -> Lines
Select all the lines. Press [Esc] to validate.

afir St clursl_101 x84 raject: A0Membrane 16 Safir_Stucursl_3d; -
Safir 3 A0 64 Prajec: J0M (SAFIR201 6, 5afir_S: Ad; [= *
Files View Geometry Utilites Datz Mesh  Calculste Structure Help

PY-R-YE=tei AP o Pelweld e

60' . St'ucwned.

Boundary liyer

Quadratic type » 7 e 3
Elernant type h
Mesh criteria
Reset mesh dats
[

R-TN
Gy | K

(93]
V3 e s

)| L
*AAN

+T; Generate mesh... Crkg

Edit mesh

Mesh options from model

2
N

¥

& |2

O S uRGY B Pk

)\ : =
¥ a

[Bssgned 24 numbser of cols to £ lines
ed

Cammane: | =
Zoom: 1.26x Modes: 0, Elements: 0 Renden Mormal Layers: 1 i 742z, -1038, O Pre

Select Generate Mesh and then View Mesh

B 5sfir_Stcturel 30 464 Frojecs I0Membrane (SAFIR2016,Safir_Structurs_Id; - [ P
Files View Geometry Utiites Dstz Mesh Calculste Structure Help

CPO RGBS Ly SRR A AN G =

®
Kl e

@ E T
GRIES |

4 z
3 _/L«
L y

Meshing. Vian, please..
Kize changed sutomatically to some entiies

Commanet | | & =
Tneen: 1 O Neeles 875 Flemente SAL Render Noarmal Lauwre 1 (1250 45522 ™ Pre

3D Membrane 36



SAFIR® training session Tutorial — 06/2018

4.13. Start the calculation

From the pull down menu select:
Calculate->Calculate window
Click the Start button

You can follow the progress of the calculation by selecting Calculate->View process info

4.14. Check the results

Open the . XML file in Diamond to check the model. Plot the support conditions, applied loads,
deflected shape, membrane forces, etc.

Diamond 2016 for SAFIR

FILE : 3Dmembrane
NODES : 613
BEAMS : 132
SHELLS : 432

BEAMS PLOT

RESULTS ON DISPLACED CONF.
DISPLACED CONFIGURATION (x3)
IMPOSED DOF PLOT

MEMBRANE FORCE N1N2 PLOT

TIME : 2511,41016 sec
BEAMS :

I 5-am Element

MEMBRANE FORCES :

- Membrane Force
+ Membrane Force

Il Legend | Viewpoint | Selection | options [N

3Dmembrane XML

- a %
Results
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_ 0,05
[;0' = 1 === Node 190
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Plotted Not plotted -01
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