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Introduction

Advanced calculation models:

- shall provide a realistic analysis of structures exposed to
fire. They shall be based on fundamental physical behavior in
such a way as to lead to a reliable approximation of

the expected behavior of the relevant structural component
under fire conditions

Section 4.4.4 of EN 1994-1-2
Validation of advanced calculation models

- A verification of the calculation results shall be made on basis of
relevant test results

- The critical parameters shall be checked, by means of a
sensitivity analysis, to ensure that the model complies with sound
engineering principles



Introduction

Advanced calculation models

@ Dedicated FE programs

Computational environment

IS predefined
- SAFIR

- VULCAN
- etc.
@ General purpose FE programs

Specific settings should be
defined

SHELL91 (6 DOF multi-layer):

- ABAQ U S [4] [glcj part of concrete slab
- ANSYS
- etc.

BEAM24 :
steel column

Beam24 : steel beam,
steel deck, and
concrete rib

DIDC AL /12 NMALC vnmiauvial Alassanbie



Introduction

Benchmark: a standard or reference by which
other(s) can be measured or judged [5]

Input and output data should be
presented in detail [6]

Number of “benchmark” use
[5]

Mentions

1800 1850 1900 1950 2010



Introduction

Reference case

- complex input data ﬂ

Validate a methodology

Compare the results of a complex model ; l

Simplify the input data

- keep the basic phenomena ﬂ

Describe methodology

- Analysis considerations

i

- Simplified considerat

Present the results

lons




Reference case

FRACOF fire test - Setup

Grid of a real structure

Elements of tested structure

[3]
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Reference case

FRACOF fire test - Setup

Composite floor Real-scale specimen

[3]
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Reference case

FRACOF fire test

Beam to slab connections

109 |, 207 mm) 207 mm 1000 mm FRACOF

:IE25mm 125 mm “ “ “

A
|/

Secondary beams IPE300 Primary beams IPE400

Full shear connection !

[3]
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Reference case

FRACOF fire test - Connections

Beam to column
Beam to beam

Secondary beam Primary beam

Double angle web
cleats

Double angle web

Flexible end plate cleats
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Reference case

FRACOF fire test - Materials

Structural steel: S235
Reinforcing steel mesh:
S500 @7 / 150x150
Axis distance from top of the slab:
50mm
Concrete: C30/37
Steel deck: COFRAPLUSG60 - 0.75mm

155 mm FRACOF

Secondary beams: f,=311 N/mm?

Primary beams: f, =423 N/mm?

Reinforcing steel mesh: f,=594 N/mm=

Concrete cylinder compressive strength: f.=36.7 N/mm?

[7]



Reference case

FRACOF fire test - Loads

Mechanical load

Fire load

14

15 sand bags x 1512 kg
Equivalent uniform load: 390kg/m?

120 min of Standard fire curve

ISO 834 and a cooling phase

1200

1000

(0]
o
o

Temperature (°C)
= D
o o
o o

200

- - FRACOF

— COSSFIRE

o

- TN
-

30 60 90 120 150 180 210 240
Time (min)

[7]




Temperature (°C)
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Reference case

FRACOF fire test - Results

1200

1000

Fire (gas) temperature —)

Qo
o
o

—=1S0834

Temperature (°C)
ey (e}
o o
o o

= =FRACOF

200 — COSSFIRE

o+—++ + 1 1 | |

0 30 60 90 120 150 180 210 240
Time (min)

Heating of unprotected
steel beams

0 15 30 45 60 75 90 105 120 135 150 7
Tire (ntin) [7]
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—

FRACOF fire test - Results

Reference case

Heating of protected steel

150

15 30 45 60 75 90 105 120 135

0

Time (min)

Test

<= Heating of composite slab

120 135 150

75 90 105
Time (min)

15 30 45 60

0

[7]



Temperatures at the
unexposed face of slab

Vertical displacement (mm)

500 ~

I
1 1 |
450 +------ Central part -7----r---- R
|
|
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Reference case

FRACOF fire test - Results

140 -

Temperature (°C)

I I

L
0 I5 30 45 60 75 90 105 120 135 15C
Time (min)

400 +------ QLUK OO e _ L e | el = min m =

1 ) Mp—

300 +----

250 1= == -1~ -y L -
R o= = e e <. N SPAR: GEPIOIEGREL —
1 I I I
50 J 3 . __ edge secondary beams __
. | Mid-span of protected = ‘.} -
100 f------~  primary beams ~ ~------4---\i - zk-- =
I
|

ol 1 s s ot <= Deflection of the floor

;
0 15 30 45 60 75 90 105 120 135 150 7
Time (min) [ ]



Displacement [m

Validation

Displacement

with respect to time

Time [rﬁin]

Legend: —— Central point-numeric
—— Central Point-test

0 15 30 45 60 75 90 105 120 135
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with respect to temperature

0 200 400 600 800 1000 120

Displacement [mm)]

ISO fire [°C]

<—Protected IPE300-numeric
—> Protected IPE300-test



[°C]

e

Temperatur
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Validation

Temperature
Unexposed side of the slab
300 , 300
250 | | 250 - - —
—Numeric =i —Numeric
| I 200 | . -
200 —Without rib 2 —Without rib
150 ——With rib g 150  —With rib
Q. 100
100 e
50 12 50
0 15 30 45 60 75 90 105 120 0 200 400 600 800 1000 1200
ISO fire [°C]

Time [min]

with respect to time with respect to temperature



Benchmark model

Materials properties

Thermal analysis

20

Consideration: only strength of materials is

affected by temperature!!l (EN 1994-1-2)

Material Density | Conductivity Specific heat
[kg/m°] [W/m K] [J/kg K]
Steel /78350 40 550
Concrete 2400 0.9 1050
Mechanical ananlysis
E \% Oy o

Steel [N/m?] [N/m?] [1/C]

S235 2.1e11 0.3 235.0e6 1.4e-5

S355 2.1e11 0.3 355.0e6 1.4e-5

S500 2.1e11 0.3 500.0e6 1.4e-5

E Y, fo fi o
_Concrete [N/m?] [N/m?] [N/m?] [1/C]
C30/37 3.3e10 0.2 30.0e6 3.0e6 1.0e-5




Benchmark model

Materials properties

Structural steel $355

Reinforcing steel

4.00E+08 6.00E+08
3.50E+08
I 5.00E+08
3.00E+08 { /
Rl 0g I ——T=500 = l ——T=500
S,
=, 2.00E+08 ’ ~——T=600 = 3.00E+08 f ~——T=600
= | ——T7=700 ) —T1=700
1.50E+08
I ——T-800 2.00E+08 ——T=800
30080811 ——T=900 / ——T=900
5.00E+07 ~———T=1000 1.00+08 [ —T=1000
|
0.00E+00 -+ ; : ) 0.00E+00 ‘ : ‘ ‘
0 0.005 0.01 0.015 0.02 0 0.005 0.01 0.015 0.02
€ €
Concrete - compressive strength Concrete - tensile strength
3.50E+07 3.50E+06
3.00E+07 7 Ty 3.00E+06
2.50E+07 . / =200 2.50E+06
T=300
7T’ 2.00E+07 / —T=400 7 2.00E+06 T=20100
£ / £
- £ ———T=200
= / ——T=500 =
° 1.50E+07 y i ° 1.50E+06 —+ T=300
——T=600
/ | ——T=400
1.00E+07 + —T=700 1.00E+06
/ ——T=500
—T=800
5.00E+06 5.00E+05
y ——T=900
0.00E+00 ; : ——T=1000 0.00E+00 . , ; .
0 0.001 0.002 0.003 0 0.0005 0.001 0.0015 0.002
=1 €




22

Benchmark model

Loads

Thermal load:
- constant temperature for unprotected beams,
- gradients through protected beams section,

- imported temperature field for slab _iw
%400

0
0 30 60 90 120 150

Mechanical load: Time [min]
-sand bags: 3870 N/m? Standard fire curve

- selfweight: 3280 N/m?
7150 N/m? — uniform pressure on the slab




Numerical model

Heat transfer
analysis in Abaqus
summary

- Basics

23

uncoupled heat transfer analysis

sequentially coupled thermal-stress analysis

fully coupled thermal-stress analysis,

fully coupled thermal-electric-structural analysis,

adiabatic analysis,

coupled thermal-electrical analysis

cavity radiation

Analysis

\

A4

Steady-state

Transient

[4]
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Numerical model - Basics

Settl N g S Edit Model Attributes

Name: TemplIPE300-Bench

Model type: | Standard & Explicit

ABAQUS has no settings for Description:
units system

|| Do not use parts and assemblies in input files
Physical Constants

V] Absolute zero temperature: -273.15

Measurement units are chosen by
the user and should be consistent | e g constont

thrOughOUt a” mOdeI(S) "] Specify acoustic wave formulation:
—>

V] Stefan-Boltzmann constant: 5.67E-008

Restart | Submodel

Note: Specify these settings to reuse state data
from a previous analysis of this model.

|| Read data from job:

For the benchmark the units are:
N, m,s, °C
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Numerical model

Temperature field for secondary, unprotected beams

1200 ~
1000

800

From test=>» uniform temperature

600

400 +

Temperature (°C)

200 +

0

0 15 30 45 60 75 90 105 120 135 150

Create a 2D heat transfer model Time (min)
for the IPE300 section

Define interactions to the environment:
- convection
- radiation

Obtain temperature field which will be used
iIn the composite slab model



Numerical model

Temperature field for secondary, unprotected beams

Create part:
2D shell planar
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% Abaqus/CAE 6.11-1 - Model Database: Gi\Abaqus work\Postdoc Praga\Benchmarkide lucru.cae [Viewport: 1] T e

2] File Model Viewport View Edit Add Tools Plug-ins Help K?

M Az A 1 2 3 4 Al @ KDL

DEE® FIT

I BT s
Modd (B Module: |— Part :] Model: % TemplPE300-Bench  [v| Part: [ IPE300  [v]
— i H
£ Model Database E] el 5 ‘Q’\ 4+ &
Gradient-shell ~ 5~
—_
TemplPE300 Q) 1!
& TemplPE300-Bench i
H & Parts (1 — ~1
= IPE300 DU
= & Features (1) {-‘— Fav)
Shell planar-1 F .
i 33 * # I-’.L
& Surfaces gl; A
@ Skins
| >
d Stringers 3 '||:T>b‘
& Section Assignments (1) E HH
fw Orientations -
B Composite Layups iy E i
# 4 Engineering Features -@I \/\
Bn Mesh [—
[Pz Materials (1) B fix)
&} Calibrations .
$° Sections (1) ‘) G
##* Profiles
B 48 Assembly k ¥
okl Steps (2) DB Eﬂ
# o= Initial ﬂ
[ oa ISOfire

= Field Output Requests (1)
Eﬂ History Output Requests
b Time Points

Bp ALE Adaptive Mesh Constraints

- 4- Edit the section sketch
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Numerical model

Temperature field for secondary, unprotected beams

ar Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga\Benchmark\de lucru.cae [Viewport: 1] —K -
= File Model Viewport View Material Section Profile Composite Assign Special Feature Tools Plug-ins Help K?

DEES  FTPF @@ a.Ei LAtz A 123 4 Ald ¢ CKKREIN
(NG % | @ 3 o)
Model | Results [ Material Library } Module: |: Property j Model: I: TempIPE300-Bench EI Part: |: IPE300 i

& Model Database B w @ 77 B2 || % edit Material LB
[+ Gradient-shell I Name: $235
& TemplPE300 j* ES) || | Neme

Define material: | = reneron oo il | owcrer )
- conductivity i
- specific heat il s dem |l

. +ﬂ Assembly fa i=
- denS|ty o Steps (2) g

B, 2 Material Behaviors

n2
B N | conductivity

[# o= Initial General Mechanical Thermal Other
& oa 1SOfire E _L Ay -
@ B3 Field Output Requests (1) @ 10 Specibc Ho
EE History Output Requests = Type: @ Constant Volume () Constant Pressure
b5 Time Points £ / [7] Use temperature-dependent data
B;; ALE Adaptive Mesh Constraints Number of field variabl e
® T, Interactions () i3 umber of field variables: =
E Interaction Properties F. Data
# Contact Controls R om Specific
4d Contact Initializations ’:1E [:g!v Heat
ﬂ] Constraints =t 1 550
E Connector Sections (X_}‘_ll‘ (L‘
@ F Fields +
: . X 3
@Ay Amplitudes (3) Y,
[ Loads
L BCs

# [l Predefined Fields (1) -
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Numerical model

Temperature field for secondary, unprotected beams

5 Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga\Benchmark\de lucru.cae [Viewport: 1] e

(2] File Model Viewport View Material Section Profile Composite Assign Special Feature Tools Plug-ins Help K?

DSE®m BT @R EBi 2T A 12 3 4 Alip e QK

Pl Al n | #90 (T
| Model | Results | Material Library |  Module: [% Property : Model: |2 TempIPE300-Bench  [v] Part: |- 1PE300  |+]
£ Model Database E] s B %y B |Z E=

# Gradient-shell

Define section i -

# s Parts (1)

property 1 [P Materials (1) B 2
E = n2
s, X
Solid - 8% Sections (1) ‘\’i
- E= r ~
ﬁu ;F‘ & Edit Section =
homogeneous 43 Assembly @ E Neme: PEX0
o Steps (2 Q = Type: Solid, Homogeneous
+ o= Initial
# o8 [5Ofire = [l Material: | 5235 v Ee
T % i sl ol @/ [] Plane stress/strain thickness:
?}}! History Output Requests =
B ALE Adaptive Mesh Constraints \ J
+ ﬁ Interactions (2) ::,:l
& Interaction Properties F
# Contact Controls R, o=
;1?’ Contact Initializations "_'[w I'-ng

€]] Constraints

@ Connector Sections (xy2) A
" + l -
4 F Fields 248 w

1y Amplitudes (3) v, N,
[ Loads | |

L BCs
+ [l Predefined Fields (1) ~| €
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Numerical model

Temperature field for secondary, unprotected beams

2+ Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga\Benchmark\de lucru.cae [Viewport: 1] -

(2] File Model Viewport View Instance Constraint Feature Tools Plug-ins Help &?

DEE®  HTP ®®ORE LAz A1 2 3 4 K¢ «ER
INE ) @ e

[Mode |G Module: [* Assembly  [+] Modek [* TemplPE300-Bench  [v] Step: [~ Initial |7

£ Model Database E! v B % Q‘ % e
# Gradient-shell Al o e
® TempIPE300 R
Create =) TempIPE300-Bench < g
# s Parts (1)
instanCeS . # [*2 Materials (1) T_lp‘@
- &} Calibrations i |
@ §& Sections (1) ,_,.,‘ mr
- IPE300 —r F
S 4§ Assembly h—
= [ Instances (1) R, g
1PE300-1 fp Oy,
@ & Features (1) “111 ,L‘
{5 Sets 2f 3
&y Surfaces TR
E Connector Assignments
@ 42 Engineering Features
# ol Steps (2)
# B3 Field Output Requests (1)
ER History Output Requests
= Time Points
B ALE Adaptive Mesh Constraints Y
® ﬂ Interactions (2)
E Interaction Properties L ®
ﬂ]( Contact Controls
:,1?' Contact Initializations

‘6] Constraints
E Connector Sections -
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Temperature field for secondary, unprotected beams

Define steps:
- Heat transfer

e ——

4 Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga\Benchmark\de lucru.cae [Viewport: 1] -

Name: ISOfire
Type: Heat transfer

Other l
Fixed

Type: @ Automatic |

Maximum number of increments: 10000

Maximum
5

Minimum

0.072

Initial

Increment size: |1

(7] End step when temperature change is Iess then:
Max. allowable temperature change per increment: | 20

Max. allowable emissivity change per increment: |0.1

2] Eile Model
DEEm  HAIT
N ' | @, ] hofsal

Viewport View Step Qutput Other

Tools Plug-ins Help K?

@ ® R T A eg T A 1 2 3 4 Afib @ <

Model | Results ]

Model Database Q‘
# Gradient-shell A
+ TemplIPE300

= TemplPE300-Bench n

@ [y Parts (1)
@ [Pe Materials (1)
&} Calibrations < d
) :i}g' Sections (1)

@‘ Profiles

o+ [i=

g gt
= ol Steps (2) :’_*'j‘ ;‘*
# o= Initial
@ B= Field Output Requests (1) =

B History Output Requests
b+ Time Points
Bp ALE Adaptive Mesh Constraints
@ T, Interactions (2)
‘B Interaction Properties
t{ Contact Controls
gfﬂ' Contact Initializations
'ﬂ] Constraints
E Connector Sections
@ F Fields
@y Amplitudes (3)
% Loads
[L BCs
@ [l Predefined Fields (1)
Remeshing Rules <

Module: I: Step

EI Model: I: TemplPE300-Bench H Step: [T 15Ofire

7~

& Edit Step

Name: ISOfire

Type: Heat transfer

Basic | Incrementation | Other ‘

Description:

Response:

Time period: | 7200

_) Steady-state @ Transient

Nlgeom: Off .7




Numerical model

Define fire curve:
- Amplitude

Temperature field for secondary, unprotected beams

4% Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga\Benchmarkide lucru.cae [Viewport: 1]
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[Z] File Model Viewport View Interaction Constraint

DSE®m HIT ®®

Py | LA )

W Results ‘

Model Database 2
5 Parts (1) -
@ [ Materials (1)
&} Calibrations
§;?.— Sections (1)
@ Profiles
\i:ﬁ Assembly
# ol Steps (2)
# B2 Field Output Requests (1)
E}-‘{ History Output Requests
I*_": Time Points
B; ALE Adaptive Mesh Constraints
+E Interactions (2)
E Interaction Properties
§3{ Contact Controls
jg' Contact Initializations
Q] Constraints
E Connector Sections
e
=y Amplitudes (3)

=

L

m

FOC-ISO-C

MAINBEAMTEMP
% Loads
L BCs
# [l Predefined Fields (1)
Remeshing Rules
X Optimization Tasks
& Sketches -

De" N

=Y
=Y
4 @
3
gm
Bm
by =

E E=

RP

Connector Special Feature Tools Plug-ins

® 2. B e R B2z, 4,1 2 3 4

Help

K?

el

Al

Module: | 5| Interaction :] Model: I: TemplIPE300-Bench EI Step:"

~

P
2~ Edit Amplitude x
Type: Tabular
Time span: | Step time B
Smoothing: @ Use solver default
_) Specify:
Amplitude Data - -Baseline Corredion ,
Time/Frequency Amplitude A
1 0 20 =
2 30 261.14
3 60 349.21
4 120 4445
5 180 502.29
6 240 543.89
7 300 576.41
8 360 603.12
9 420 625.78
10 480 645.46
11 540 662.85
12 600 678.43
12 AAN £Q7 54 &
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Temperature field for secondary, unprotected beams

Define
Interactions:

- Convection
(surface film
condition)

4¢ Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga\Benchmark\de lucru.cae [Viewport: 1]

[Z] File Model Viewport View
NDESEm i ® DT

Interaction

‘ Model | Results |

g Model Database
[# Gradient-shell ~
(# TemplPE300
= TemplIPE300-Bench
@ &. Parts (1)
@ P2 Materials (1)
& Calibrations
@ 32 Sections (1)
@' Profiles
& ﬁ Assembly
@ ol Steps (2)
@ B2 Field Output Requests (1)
ﬁf{ History Output Requests
[ Time Points

onstraints

G 'ﬂ Interactions (2)

2] Convection

+ Emisivity

nteraction Properties
gl{ Contact Controls
;r(l’ Contact Initializations
Q] Constraints
@ Connector Sections
@ F Fields
@y Amplitudes (3)
% Loads

L BCs

# [l Predefined Fields (1)

Remeshing Rules >

1om

Constraint  Connector Special Feature

"~

Tools Plug-ins Help N?

e O R, L 1A 1 2 3 4 Afb e CLBNE

#90

Module: |: Interaction

E Model: |: TemplPE300-Bench El Step: |‘ ISOfire EI

=Y

= Fill out the Edit Interaction dialog

4 Edit Interaction

Name: Convection
Surface film condition

ISOfire (Heat transfer)

Type:
Step:

Surface: (Picked) [}

Definition: Embedded Coefficient E f(x)
Film coefficient: 25

Film coefficient amplitude: ' (Instantaneous) B r\l
Sink definition: Uniform El a
Sink temperature: e |

Sink amplitude: FOC-ISO-C H r\l
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Numerical model

Temperature field for secondary, unprotected beams

3 Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga\Benchmark\de lucru.cae [Viewport: 1]

2] File Model Viewport View Interaction Constraint Connector Special Feature Tools Plug-ins Help K?

LESE®  HIF @OeR.Ei Il 1i1 234 A KRBIUIEE

L A o \4,“ His 2 [Sin
Model | Results } Meodule: l: Interaction il Model: |: TemplPE300-Bench El Step: |f ISOfire EI
£ Model Database B il N € 4 E E=
# Gradient-shell ,I
. @ TemplPE300 % ES
Deflne 5 TemplPE300-Bench o =
. . @ fly Parts (1) 4 ks
[ - IS . ( -
Interactions: Pk S — ==
. . ® E- Sections (1) @ EL Name: Emisivity
- Rad|at|on Ari?ofile; Lﬁ — Type: Surface radiation
® ssembly me=

Step:  ISOfire (Heat transfer)

(surface 9 Seps @ y .

# B Field Output Requests (1)

radiation) B oy o e =

Surface: (Picked) [

Radiation type: @ To ambient

sh Constraints i X Emissivity distribution: Uniform H fix)
1T, Interactions (2) Emissivity: 0.7
# Convection + /
112 gy Ambient temperature: 1
: e A
nteraction Properties Ambient temperature amplitude: FOC-150-C M r\/
Contact Controls (x¥2) A
+
4 Contact Initializations J“j‘ * &
‘6] Constraints of et

E Connector Sections
@ F Fields
®y Amplitudes (3)
% Loads
L BCs
# [ls Predefined Fields (1)
Remeshina Rules -

& Fill out the Edit Interaction dialog
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Numerical model

Temperature field for secondary, unprotected beams

55 Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga\Benchmark\de lucru.cae [Viewport: 1] -m—— — ol
[Z] File Model Viewport View Seed Mesh Adaptivity Feature Tools Plug-ins Help K?

DEE®  @JF 5'F3D®:'©Hn§ﬁl‘§jmtftiﬂii,1 234Aibe“LEMNNEA (@O

N 8 |G LlMec
‘ Model | Results ModuIModeI: |% TemplIPE300-Bench H Object: () Assembly @) Part: |~ IPE300 :
q A 3y S (
Model Database E] N 55 Element Type
[ TemplIPE300

Element Library

. ) TempIPE300-Bench
Define iy Parts (1)
[Fz Materials (1)
m eS h : &} Calibrations
@ #& Sections (1)
@' Profiles
'DC2 D4 E‘Z‘ﬁ Assembly
@ ol Steps (2)
# B2 Field Output Requests (1)
!f-‘g History Output Requests
[ Time Points
B ALE Adaptive Mesh Constraints
® E Interactions (2)
E Interaction Properties
gﬁ{ Contact Controls
;fﬂ' Contact Initializations
lﬂ] Constraints
'E Connector Sections
@ F Fields
@y Amplitudes (3)
1% Loads
[ BCs
# [l Predefined Fields (1)
Remeshing Rules
X Optimization Tasks
[ Sketches
# Temperatura grinzi

Heat Transfer
Piezoelectric

@ Standard ©) Expli

Geometric Order

@ Linear () Quadratic Plane Stress

Quad | Tni

["] Convection/Diffusion [ Dispersion control

Element Controls

There are no applicable element controls for these settings.

I DC2D4: A4-node linear heat transfer quadrilaterall

Note: To select an element shape for meshing,
select "Mesh-> Controls” from the main menu bar.

-l [ Set the data using the Element Type dialog L
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Numerical model

Temperature field for secondary, unprotected beams

45 Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga\Benchmark\de lucru.cae [Viewport: 1] _m_—- . e il "l
[Z] File Model Viewport View Load BC Predefined Field Load Case Feature Tools Plug-ins Help K&?

LEES FTJ0 ®®eR.@ MRl Ti123 4 A+ CWXEANE A

L % @i X
I Model | Results Module: I: Load : Model: |: TemplPE300-Bench H Step: I; Initial H
£ Model Database E] > B % Q‘ L B2
# |k Parts (1) A~ - N
® %2 Materials (1) L5 4 Edit Predefined Field %

Deﬂ ne |n |t|a| &} Calibrations

@ §& Sections (1)

ks =
temperature: - I

Name: Predefined Field-1

Type:  Temperature

@48 Assembly Step:  Initial
. o Steps (2) 3 O Ly Region: (Picked) [}
- P red efl n ed # B2 Field Output Requests (1) ¥
Bo History Output Requests — Distribution: Direct specification H fix)
field b+ Time Points _+§ g_j . . :
BSF ALE Adaptive Mesh Constraints ), ), ection vanation: Constant through region
® E Interactions (2) %‘ %‘, Magnitude: 20
E Interaction Properties o
ﬂ.'( Contact Controls + JL‘
& Contact Initializations M 3

1Ll
1
u,
~

'ﬂ] Constraints

E Connector Sections
@ F Fields
®Ay Amplitudes (3)

[ Loads

= [ Predefined Fields (1)

) Predefined Field-1
ke Do bioo Do
X Optimization Tasks
Y Sketches

# Temperatura grinzi
# Annotations | [«=l[X] Fill out the Edit Predefined Field dialog
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Analysis product: Abaqus/Standard
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B8 Co-executions
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L ;} i 1 - X Optimization Tasks ) Restart
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45 Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga‘\Benchmark\de lucru.cae [Viewport: 1]
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L2344 0 NT11
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H | Spectrams (7) +1.048e+03
i +1.048e+03
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} SE o . o ¥ x_ .. +1.047e+ reate ata
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e
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— (=
’Vanables Elements/Nodes
) il et
Output Variables [ﬂ] é]
Position: | Unique Nodal - B g::: Free body
Click checkboxes or edit the identifiers shown next to Edit below. OPefate on XY data
- e E ) ASCII file
[V]INT11: Nodal temperature ﬁ E Keyboard
PRI Reaciion fl, ") Path
H L] ./‘
Ay 2y Continue... H Cancel
L]
mj E=
. Y ODB: TempIPE300-be .odb Abaqus/Standard 6.11-1
Edit: | NT11 i{
B
Section point: il - 1 Step: 150fire
E z =P X In :
2= Pri :
Deformed Var: not set Deformation Scale Factor: not set
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ave results:

38

5> Edit XY Data ———
- Nodal Name: NT11 PL: IPE300-1 N: 440
temperature - Y :
1 0 20
2 1 200114
23 i XYPlot-1 3 - 20.0372
S 4 3 20,0782
B B 5 5 20.2233
e b 9 207748
E} 7 14 21.8987
3 8 19 234931
&5 - 9 4 25.6025
S g 10 2 28.28
é = 11 34 31.2655
s, 2 12 39 34.474
k. 1 13 44 37.9078
L= 14 49 41.5751 ]
@ Tme B B Quantity Types
"= 25 simuLia X: Time B Y: Temperature@
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350 A

300

Temperature from test:
difference between top and
bottom flange

250 +

200 +

150 +

100 ~

N
<

Temperature (°C)

—_—
f—

I I [ I [ I 1
0 15 30 45 60 75 90 105 120 135 150
Time (min)

It is defined as a predefined field gradient
through beam section in the composite slab
model (no need for an additional model)
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Beam elements sections are defined function of a reference line

I2 | 2
£l 120 el L 114.4
N e e '
a O Ref. line
1 o

0.30m

0.40m

‘ " Ref. liné I|ne ‘ |
150 | |
150
T, {SIab d,
To
Beam T[°C]
Beam
300 ' T[°C]

300
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.“,: Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga\Benchmark\Fracof-Benchmark.cae [Viewport: 1] " e

(2] File Model Viewport View Load BC Predefined Field Load Case Feature Tools Plug-ins Help K?
DEE®  HID @R Bi U zzM A 12 3 4 Al e WK

\f All : BR #

J <

' Model I Results Module: I: Load : Model: I: Variantl -mesh03 H Step: I‘ Temp

Input for predefined  S"ys, Bt uE
1 1 & Profiles (3) u;; E
field of gradient L8 sty y

+ ol Steps (3)

thro ug h beam section: & seoupureues o ot B[ & it Predefined Field el
133 History Output Requests
. [ Time Points f: L_Jl-'. Name: Prot-IPE400
= a m p | Itu d e Bn ALE Adaptive Mesh Constraints ;', 1| Type:  Temperature
% Interactions = Step: Temp (Static, General)
- Interaction Properties —+= : :
B g rad I e nt #{ Contact Contr::s R, 23 Regios el
4 Contact Initializations = % |-_\§‘§Q Distribution: Direct specification H fix)
* ﬂ] Constraints (1) i
+ @ Connector Sections (1) (1121 A‘ Section variation: Gradients through beam section H
# F Fields i‘:j 'E‘ 4
1y Amplitudes (5) “ 1k
1 % Loads (1) Amplitude: MainBeamTemp H f\}
: <)
- [l Predefined Fields (5) )
4 Prot-IPE300 N2 gradient: -3.2757
+ Note: The gradient method cannot be used for
5 T-initial elements with thermal degrees of freedom.
+ Temp-IPE300-unprot
+ Temp-Slab
Remeshing Rules
Optimization Tasks
g S:etches
+ Variantl-mesh03-w-o expansion 1 o Fhrourure ton PregenTed TTeTTuTaToy /



Numerical model

Temperature field for protected beams

& Edit Amplitude 23

Name: MainBeamTemp
Type: Tabular
Time span: | Step time H
Smoothing: @ Use solver default
Specify:
.AmNMMeDaaiBudmeCmmdmn.
Time/Frequency Amplitude

o [T

2 7200

42

Amplitude is function of reference

line temperature obtained by linear

interpolation
12
,_fE)‘ | Lol
O Ref.line
=

{

Slab

Beam

0.40m

da

114.4

150

T[°C]

300
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Determination of gradient 42
& L1 114.4
2 Ref.line
T |
. — Slab d
H}’ef (1 + d2 X) — 92 2 T,
SEr Beam
S T[°C]
. | 300
X — gradient

0,.;— temperature at reference line level,
d, — distance from reference line to a point along direction 2;
6, — temperature at distance d,

X =>» -3.2757
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300

—Bottom flange |

230 -
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(@]
- o
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Q
(p]
2 S
L
G-
o
o -3
T
_
| (@)
o
o o o o o
o (9] o (@)
N - -~
[D,] ®@amesadwa)

Results

o
v
e

TR s s

(D,) damerddwa],

135 150
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Time (min)
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Sequentially coupled Create a separate heat transfer model
thermal-displacement 2 (initial model for mechanical analysis —
analysis similar coordinates of slab)

It is considered an equivalent , hs

h|
L h,

thickness of slab according to
EN1994-1-2 Annex D

L+, |
hy =h +0,5 h_,l L2 | for h,/h, =1,5and h, >40 mm

L, +L,)

(,+/1, l

ho =h I+ U,75|
| (,+£,)

for h,/h, >1,5and h, > 40 mm
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Pl i 123 4 A ¢ K LEBUEA ST O
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\
|

g +
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Variantl-mesh05 2 {T) l,«-g} u

a n d Variantl-mesh06 4 2 ||
Variantl-thermal f- ravl u

R . Variantl-thermal-mesh015 F : 1
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E—B Features (2)
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planar ol i, g
Partition face-1 E:ﬂ ?é ]
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43 Engineering Features EB Ilﬂ e

Bn Mesh

@ P2 Materials (1) EE. @ I—y ®
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® ﬁ' Sections (1)

# Profiles

| @48 Assembly - 4' Edit the section sketch
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a5 Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga\Benchmark\Fracof-Benchmark.cae [Viewport: 1] — >
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DEE®  FTF ®@em.Eir Al A 123 4A¢CCLRBINGE
[ I

Model ’ Results I Material Library ‘ Module: |3 Property : Model: I% Variantl-thermal-mesh03 Part:l: Slab

. £ Model Database H > B % Q‘ z = & Edit Material LB
D efl n e [# Variantl-mesh03-w-o expansion P 4 Name: C —
. [# Variantl-mesh03-w-o pressure i‘ S
m ate rl aI : [ Variantl-mesh04 Z,l Description: ’ P
[# Variantl-mesh05 -
# Variantl-mesh06 B Material Behaviors

_CO n d u C‘t | V|ty & Variantl-thermal &:‘ ":::'

[+ Variantl-thermal-mesh015 Density
Variantl-thermal-mesh02 E‘B"

-S pe C | f | C h e at & Variantl-thermal-mesh03 HE R

t

#

@ @
. =72 Materials (1) 3
-denSIty = g General Mechanical Thermal Other
# §2 Sections (1) ‘?; “ R
& Profiles = Type: |Isotropic EJ
Wﬁ Assembly + / F
Ho% Steps (2) _| Use temperature-dependent data
@ B2 Field Output Requests (1) j Number of field variables: 0
?},’, History Output Requests I Data
[ Time Points i ﬁ g
= Conductivi
By ALE Adaptive Mesh Constraints iy onductivity
: . 1] 09
UJE Interactions (4) !
E Interaction Properties (!121 .4\‘
33{ Contact Controls +
o o |
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# Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga‘\Benchmark\Fracof-Benchmark.cae [Viewport: 1]

[Z] File Model Viewport View Material Section Profile Composite Assign Special Feature Tools Plug-ins Help K?

DSEm i HJF @R B T2z L1 2 3 4 Alieh @ KL

: \ All =) \“ : n..‘ Ex

| Model ' Results ’ Material Library \ Module: |£ Property :] Model: I{ Variantl-thermal-mesh03 H Part: Ij Slab H

. . . g Model Database EI > B :Q"‘ 2~ Edit Secti _ ﬂ
Defl n e SeCtI O n . [# Variantl-mesh03-w-o expansion ~ = =
Name: Slab

() Variantl-mesh03-w-o pressure
_thiCkneSS L’il Variantl-mesh04

() Variantl-mesh05

# Variantl-mesh06

- m ate ri al & Variantl-thermal

# Variantl-thermal-mesh015

Type:  Shell / Continuum Shell, Homogeneous

Section integration: @ During analysis () Before analysis

: Advanced
Thickness

Shell thickness: @ Value: ‘ 012
) Element distrillusks |

. . # Variantl-thermal-mesh02

-I nteg ratl O n = Variantl -thermal-mesh03
@ [y Parts (1)

ru Ie @[22 Materials (1)

ﬁ- Calibrations

-integration T
. # Profiles
pOI ntS £ ﬁ Assembly
# ol Steps (2)
# B= Field Output Requests (1)
E,F History Output Requests . 1
[ Time Points -+i‘ ;
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# T, Interactions (4) =
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ﬂ] Constraints
I8 Connector Sections

B

) Nodal distribution:

Materla Concrete I H L.

Thickness integration rdle: @ Simpson
Thickness integration points:

Options:

m
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2% Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga\Benchmark\Fracof-Benchmark.cae [Viewport: 1] 11 i e

= File Model Viewport View Instance Constraint Feature Tools Plug-ins Help K?
Create DEE®  HTPT ®®eREi I 1234 A+« LRBUEATOOER
INE bl | L e
i n Stan Ces : m Module: |% Assembly : Model: [% Variantl -thermal-mesh03 El Step: l: Initial El
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& Sections (1)
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=] ES Instances (1) g
Slab-1 Riks
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&y Surfaces p i o "L‘
@ Connector Assignments 3 ﬁj ,:.+

£ Engineering Features
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&7{ History Output Requests
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Bp ALE Adaptive Mesh Constraints =
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ﬂ Contact Controls
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Define heat
transfer step:

-transient
-time

4> Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga\Benchmark\Fracof-Benchmark.cae [Viewport: 1]

[Z] File Model Viewport View Step Qutput

NS Em i HIT
éAu

Other Tools Plug-ins Help K?

@@ 0 R E U T A1 2 3 4 Al ¢ WREIN

[=) Variantl -thermal-mesh03
# fl Parts (1)
# 2 Materials (1)
& Calibrations
# ‘jE- Sections (1)
& Profiles

o Steps (2)

# o= Initial

b Time Points

® E Interactions (4)
E Interaction Properties
ﬁ Contact Controls
4‘3‘ Contact Initializations
ﬂ] Constraints
'E Connector Sections
® F Fields
®f\y Amplitudes (5)
[% Loads
L BCs
# [l Predefined Fields (1)
Remeshing Rules
X Optimization Tasks
L Slatehac

Model Database H > B

B ALE Adaptive Mesh Constraints

m

Mm@ L e[S

Module: |% Step :] Model: I% Variantl-thermal-mesh03 EI Step: |‘ FoclSO :l
L 4 Edit Step E
o

11040

Name: FoclSO
Type: Heat transfer

g
I Basic ‘ Incrementation I Other l
-4 — 1
R, oo Description:
:}ﬂ, E& Response: (O) Steady-state @ Transient

Time period: | 7200

(xv2) ,L
+ - -

’ -
._.j :
-
o

Pl “a

Nigeom: Off 7

2% Edit Step S
Name: FoclSO

Type: Heat transfer

Other

Type: @ Automatic ) Fixed
Maximum number of increments: | 100000
Initial Minim
Increment size: |1 0.02
("] End step when temperature chan
Max. allowable temperature change per increment: | 25

Max. allowable emissivity change per increment: 0.1
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Define interactions:

-convection for heated
and unheated sides

-radiation for heated and
unheated side

Surface: (Picked) [3

Radiation type: @ To ambient
Emissivity distribution:
Emissivity:

Ambient temperature:

() Cavity approximation (3D only)

E] fix)
& |

Uniform

Ambient temperature amplituxf: Foc-ISO-C I E] Ao

& Edit Interaction

Namg: Conv-heated
Type} Surface film condition

Step:

Surface: (Picked) [

Definition: Embedded Coefficient E‘
Film coefficient: 25

Film coefficient amplitude: (Instantaneous) B
Sink definition: Uniform vl
Sink temperature: 1

Sink amplitude:

Foc-ISO-C _I vl

Rad-unheated

Namg]
|| Type: ]| Surface radiation
Step: | FoclSO (Heat transfer)l

Surface: (Picked) [3

Radiation type: @ To ambient () Cavity approximation (3D only)

3 fix)

Emissivity distribution: Uniform
Emissivity: I0.7
Ambient temperature: 20

Ambient temperature amplitudel (Instantaneous)

S
2% Edit Interacti S

Naghe: Conv-unheated
Tyge:
Steg:

Surface film condition

FocISO (Heat transfer)

Surface: (Picked) [3

Definition: Embedded Coefficient El f(x

E

Film coefficient:

Film coefficient amplitude: | (Instantaneous) E] F\?
Sink definition: Uniform B a
Sink temperature: 20

Sink amplitude: (Instantaneous) |:| PU

H Po

[ Cancel |
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Define initial
temperature:
-predefined

field — constant

through region

W MUGUUD/ LML U117 T IVIUUTH UGLauast: Ui MUGYUD WUTR\FUSLWUUL FIGYa\oTiHILTNgGNR W TaLUI"DEILINTIgH RAGT [VICWRPUIG 1)

@] File Model Viewport View Load BC Predefined Field Load Case Feature Tools Plug-ins Help &?

DESES  HOT @@ R.Ei ULz 4,12 3 4 Afb e KLBNUEAS
| 18 @ e cx

Medel | Results EI Step: |& Initial E|

£ Model Database

Module: |% Load EI Model: |% Variantl -thermal-mesh03

Hs:® = "Q"| L

~

= Variantl-thermal-mesh03
& Parts (1)
[Pz Materials (1)
& Calibrations
ﬁ.’- Sections (1)
# Profiles

Name: T-initial

$3 Assembly ‘E-, Hﬁ'_, Type:  Temperature

[ of Steps (2) _g Step: __Initial

B= Field Output Requests (1) - Region: (Picked) [}
%‘f History Output Requests -+§ B . e

[ﬂ fix)

Constant through region EI

Distribution: Direct specification

h Time Points

B ALE Adaptive Mesh Constraints
ﬁ Interactions (4)

E Interaction Properties =

P L

ﬁ Contact Controls

;fﬂ' Contact Initializations

'ﬁ] Constraints

E Connector Sections
F Fields
#y Amplitudes (5)

% Loads

Section variation:

Magnitude: 20

m

= [ Predefined Fielddl(1)
T-initial T

X Optimization Tasks




Numerical model

53

Temperature field for concrete slab

Define mesh
and finite
elements:

DS4 (0.3 m)

4 Abagqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga\Benchmark\Fracof-Benchmark.cae [Viewport: 1]

= FEile
LA BT

: Meodel Database

Model

RS

L

Model | Results

=) Variantl-thermal-mesh03

5 Parts (1)

[P2 Materials (1)
ﬂ- Calibrations

ﬁ‘ Sections (1)
& Profiles

43 Assembly

o Steps (2)

B= Field Output Requests (1)
%ﬁ History Output Requests
b Time Points
B; ALE Adaptive Mesh Constraints

ﬁ Interactions (4)

E Interaction Properties
g]i Contact Controls
g?’ Contact Initializations
'G] Constraints
E Connector Sections
F Fields
#f\y Amplitudes (5)
[ Loads
L BCs
= [ Predefined Fields (1)

12 ® % 0 gl

~

Viewport View Seed Mesh Adaptivity Feature Tools
@@ e R I T A1 2 3 4 Ak e KREN]E &A@
Al N ARG Cla

Module: |% Mesh :l Model: I% Variantl-thermal-mesh03

Plug-ins Help K?

El Object: () Assembly @ Part:l: Slab

s =
58 @

-

Family

Element Library

Heat Transfer &
Membran

© Expliq]

Surface
Shell -

Geometric Order

@ Linear ) Quadratic

Quad | Tri

Element Controls

There are no applicable element controls for these settings.

DS4: A4-node heat Iansfer quadrilateral shell.
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45 Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga\Benchmark\Fracof-Benchmark.cae [Viewport: 1]
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N

& Edit Job

Annotations
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& & Jobs (16)
! Variantl (Abrted)
iaatlenaschOll5 (Completed)

+ Edit Job
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Variantl-mesh02 (Completed) Analysis product: Abaqus/Standard

Aodel: Variantl-thermal-mesh03 Variantl-mesh03 (Completed) Description:
Variantl-mesh03-farakxpans (Completed)

\nalysis product: Abaqus/Standard Variantl-mesh03-faraPressure (Completed!  i| General I Memory | Parallelization | Precision
Variantl-mesh04 (Completed) Job Type

lescription: Variantl -mesh05 (Completed) -

— Variantl W06 (C eted) @ Full analysis
— 1 T ariantl-mes omplete: .
Submission I General | hlemory i Parallelization N A > Recover (Explicit)
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Variantl -thermal-mesh02 (Completed) Run Mode
Variantl-thermal-mesh04 (Completed) @ Background ) Queue: |
3 Variantl-thermal-mesh05 (Completed) ‘ '
I . | Variantl-thermal-mesh06 (Completed) Submit Time
] _Domam 8@ Adaptivity Processes @ Immediately
Co-executions h .
Multiprecessing mode: Default E[ #X Optimization Processes - i R e [ e
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raga‘\Benchmark\Fracof-Benchmark.cae [Viewport: 1]

leport Options Tools Plug-ins Help K?

Pt tzz T A1 2 3 4 Al e KLEINEA O Bpimay | [Nt

HFL

<

>

. NT11
Res u |tS " isualization 9 ODB: [ G:/Abaqus work/Postdoc Praga/Benchmark/Variantl -thermal-mesh03.odb H M NT12
NT13

NOdal NT11 NT14
temperatures

+1.016e+03
+1.016e+03
+1.016e+03
+1.016e+03
+1.016e+03
+1.016e+03
+1.016e+03
+1.016e+03
+1.016e+03
+1.016e+03
+1.016e+03
+1.016e+03

||
||
||
||
[ ]
||
||
|

Z ODB: Variantl-thermal-mesh03.0db Abaqus/Standard 6.11-1 Sun Nov 02 12:08:48 GTB Standard Time 2014

t Step: FocISO
¥ Increment 1444: Step Time = 7200,

Primary Var: NT11
Defarmed Yar: not set Deformation Scale Factor: not set
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57 XY Data from ODB Field Output

=

Steps/Frames

Note: XY Data will be extracted from the active steps/frames

Res u ItS ’ Variables

Nodal
temperatures

Temperature [°C]

1100

1000 -
900 -
800 -
700 -
600 -
500 -
400
300 -

200 -

100 -

0

} Elements/Nodes -

QOutput Variables

Position:

> |

B E R RS S

Unique Nodal H

| HFL: Heat flux vector

| NT11: Nodal temperature
| NT12: Nodal temperature
| NT13: Nodal temperature
| NT14: Nodal temperature
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Structural analysis of composite slab

Starts from a saved as model of thermal analysis of concrete slab

All structural elements, beams and columns, are defined as linear
wire element

Wireframe Rendered view
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Add the
reinforcement of
the concrete
slab
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Structural analysis of composite slab

Define “profiles”

for the wire
elements and
orientation
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4 Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga\Benchmark\Fracof-Benchmark.cae [Viewport: 1]

= File Model Viewport View Instance Cgnstraint Feature Tools Plug-ins Help K?

LEES : HTT @@OR,E Uit 1 23 4 Afd ¢ KX

s % @, e c
C re a‘te ,Wm\ Module: |€ Assembly il Model: [% Variantl -mesh03 EI Step: |; Initial
£ Model Database EI T E R ¥ el

“Instances” from e 4
parts for all S Vamenas
elements and b% sesom
“construct” the

structure

m

Assembly
L3
HEB260-1
IPE300-1
Slab-1
IPE400-1
IPE300-2
IPE300-3
IPE300-4
IPE400-2
HEB260-2
HEB260-3
HEB260-4 Instance Type
¢ Position Constraints
&5 Features (2)

A meshed part has been selected, so
the instance type will be Dependent.

@y Sets (1)

Ry Surfaces Note: To change a Dependent instance's
@{8 Connector Assignments (1) mesh, you must edit its part's mesh.
@ @ Engineering Features [] Auto-offset from other instances

[ ol Steps (3)
+ B2 Field O R 2 - [ OK ] [ Apply ] [ Cancei]
£ EF ie utput Requests (2) . "’&l : _

(] m




Numerical model

Structural analysis of composite slab

Define steps for
analysis:

-for mechanical

loading
-for temperature
iInfluence

Both steps are
“Static, General”
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Structural analysis of composite slab

Define steps for
analysis:

-for mechanical
loading

-for temperature
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Basic |: Incrementation ;| Other

Type: @ Automatic Fixed
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Structural analysis of composite slab
Define mechanical interactions between slab and beams: constraints
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Name: XBeam

Step:  Temp (Static, General)
Region: (Picked)

CSYS: (Glecbal)

Type:  Displacement/Rotation

Method: Specify Constraints

Distribution: | Uniform
[¥] ut: 0
[ v2:
[ u3:
[7] uR1:
[7] UR2:
[¥] UR3: 0

Amplitude: | (Ramp)

Note: The displacement value

radian
radian

radian

¥ Fo

will be

maintained in subsequent steps.

Cancel
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Numerical model

Structural analysis of composite slab

45 Abaqus/CAE 6.11-1 - Model Database: G:\Abaqus work\Postdoc Praga\Benchmark\Fracof-Benchmark.cae [Viewport: 1]

Z] File Model Viewport View Load BC Predefined Field Load Case Feature Tools Plug-ins Help K?

Support DEEw @OF @00 s LRk GIL123 44+ ABNEASOIOE

conditions: o T o

£ Model Database il N Lt £ ’
B O u n d a ry B ‘ 4 Edit Boundary Condition &

Bo History Output Requests &
T 5 Time Points
CO n d Itl O n S : Ep ALE Adaptive Mesh Constraints
T, Interactions
E— Interaction Properties
- CO I u m n S ﬂ Contact Controls
j‘ﬁ' Contact Initializations
. . . 2] Constraints (1)
- I t d t ( E Connector Sections (1)
ongit. airection %z

@y Amplitudes (5)

-transv. directior] =g wso

 Load EI Model: |$ Variantl-mesh03 El Step: [‘ Temp EI

Name: YBeam

Type:  Displacement/Rotation
Step:  Temp (Static, General)
Region: (Picked)

CSYS: (Glcbkal)

+

Method: Specify Constraints

&

[+

Distribution: | Uniform

m

[¥] vz: 0

[# Stalpi [F

# XBeam ——

Y VBeam [] URL: radians

@ [l Predefined Fields (5) 7] UR2: radians

Remeshing Rules .

X Optimization Tasks & urs: . P
I Sketches Amplitude: | (Ramp) H Ao

[# Variantl-mesh03-w-o expansion
[# Variantl-mesh03-w-o pressure
[# Variantl-mesh04

(# Variantl-mesh05

# Variantl-mesh06

# Variantl-thermal

Note: The displacement value will be
maintained in subsequent steps.
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Structural analysis of composite slab

% Element Type

Beams & =
columns: B31

(0.3 m)

Mesh and finite
elements:

e e . .
Element Library Family
Heat Transfer
embrane
Geometric Order Surface
@ Linear Quadratic
Quad Tri
[7] Reduced integration
Element Controls
Membrane strains: @ Finite ) Small 5

Membrane hourglass stiffness:  ©

Bending hourglass stiffness: @

Drilling hourglass scaling factor: @ Use default

S4: Ad-node doubly crved general-purpose shell, finite membrane strains.

Element Library Family

Acoustic

Geometric Order led Temperatfre-Displacement

Elbow

@ Linear () Quadratic

("] Hybrid formulation 7] Open section

Element Controls
Beam type: @ Shear-flexible () Cubic formulation

Scaling factors: Linear bulk viscosity: |1

B31: A2-node linear eam in space.

Note: To select an element shape for meshing,
select "Mesh->Controls” from the main menu bar.

O Specify

€ Slab: S4

Note: To select an element shape for meshing,
select "Mesh->Controls" from the main menu bar.

(0.3 m)




Numerical model - results

Structural analysis of composite slab

Results:
Displacements

0 200 400 600 800 1000
0 15 30 45 60 75 90 105 120 135 O N === — T _

L s S S| PSSO S P N R 071 1 S S * i FSSRS S —
e | W i ey S I T -100 e
£ <100 — £ 150
e = § -200
$ 200 —Center | e — Center
g T NXO | = Unprot IPE300 g 250 == Unprot IPE300
@ -250 ——ProtIPE300 S 300 —— ProtIPE300
® —-Prot IPE400 Q" —+Prot IPE400
£ 300 | ®
a N 2 350
R T ) R .. B (o)
=T T T -400

=0 | —T | 450 :
450 ISO fire [°C]

Time [min]

With respect to time With respect to temperature
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Numerical model - results

Structural analysis of composite slab

Results, other than obtained in experiment:
Axial force

3E+05 ————1— — - J.E+05
/'l Losesmem = ¢ — — — —
2E+05 +—F—1—— =" | 2E+05
/ e
£ 1E+05 +—~ Z, 1.E+05 -
g o S
S 0E+00 | —— K
- 20~740 60 80 100 120 1 —_ 0
3-1E+05 | | | 5-1E+05 |
—.—Prot IPE400
-2 E+05 —---Prot IPE300 -2 E+05
—Unprot IPE300
-3.E+05 - ! -3.E+05

Time [min]

With respect to time With respect to temperature

0.E+00 === '

—-—Prot IPE400
—---Prot IPE300
——Unprot|/IPE300

ISO fire [°C]
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Numerical model - results

Structural analysis of composite slab

Results, other than obtained in experiment:
Vertical shear force

6.E+05 i 6.E+05 .y
— 5.E+05 T geempmumpmmmnsl o SEHOS | | T
= ¥ i — 5
& 4E+05 LT - @ 4E+05 | e
o // ‘/" —---Prot IPE400 g 3 E+05 | // /—..-Prot IPE400
2 S 77 ~= Prot IPE300 e | '///.-’ —— Prot IPE300
S 2E+05 - /// — Unprot IPE300 § 2.E+05 | 477 —=——UnprotPE300
K = 4 )
2 1E+05 = 1E+05 -

T ,

£ 0.E+00 | € 0E+00 7 i | |
o 0 75 90 105 120 135 @ 0 200 400 600 800 000 1200
= 1 E+05 - \ > 7Y 2 1 E+05 | |

-2 E+05 -2 E+05 | |

Time [min] ISO fire [°C]

With respect to time With respect to temperature



Numerical model - results

Structural analysis of composite slab

Results, other than obtained in experiment:
Reinforcement strain

6.0

g
o

—Edge reinforcement
= =Field reinforcement
— —Design|limit

Strain [%]
N W
o o

-
o

o
o

Time [min]
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Numerical model - results

Structural analysis of composite slab

Deformed shape

Axial force

79

-8.035e+05
-9.480e+0S
-1.093e+06
-1.237e+06
-1.382e+06
-1.526e+06

z ODB: Variantl-mesh03.0db  Abaqus/Standard 6.11-1  Wed May 27 19:02:15 GTB Daylight Time 2015

LY Step: Temp
% Increment 1573: Step Time = 7200,
Symbol VYar: SF
Deformed Var: U Deformation Scale Factor: +2.000e+00
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Numerical model - results

Mesh sensitivity study

Monitored variable: vertical displacement of the slab centre, U3

Size |Variable:| Grid: | Factor . Apparent| Asympt | Extra-polated| Approximate | Extrapolated | GCI;, | GCly;
[m] | U3 [cm] h r order: p | solution value relative error | relative error [%] [%]
1 | 03] 42.03 |0.304] 1.262 |-0.27 42.20 0.0064 0.0039
2 | 04| 4176 (0383 - | - | 4160 | 4220 - - - 049 | 0.84
3 10.5]| 41.05 | 0.519] 1.354|-0.71 42.04 0.0170 0.0067
1/2
1 N .
h=|—3 ( AAl-) ﬁ ) h — representative value
N5 By = —— N — number of elements
_ P
ff A, — area of element “”
1 — J2 . .
€ = : F,|e | r — refinement ratio (should have close
Ji GCI = 2 1€ 100%, (
fa f rp — 1 values
3~ J2 . .
In { —— ¢ — relative difference
o fo— fi _
. In (7) A1 —relative error
. fo—fimo o o—F2 1 p- order .of convergence.
T Ao foeo TP —1’ GCI — grid convergence index
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Conclusions of composite slab benchmark

= A benchmark represents a step-by-step procedure for a
thermo-mechanical analysis in a certain FEM computer
program, here Abaqus;

= The procedure used in Abaqus was validated with the
experimental results from the fire test, by means of the
same numerical model, for which a complete input data
was considered.



Verification example

» By comparison to existing
experimental tests

There are 11 examples analyzing :
- heat transfer for different material properties
- elongation of elements
- forces and stresses
- fire resistance time

For each example there are given results and their
error tolerances



Example 11 - DIN1991-1-2

n n . V7777 77 7 rd——r
Parabolic longitudinal path — s vaats W
T
] ] ] [ |
midspan imperfection L/1000 {Hl
8 |
|88 |
1/h/b cm 400/30/30 L -
] ) Us mm 50 { } S
Dimensions 15 |
ef mm 19 1M1
ew mm 11 } }
Buckling length o,fi cm 200 { }
Load NE fid, KN -1700 1|
o 727 AL
Concrete C25/30 foaore N/mm? 55 ! 4 \
(3 % moisture (by mass)) ck@org -}
Reinforcing steel S 500 fki20°c) N/mm? 500
Structural steel S 235 fak(20°c) N/mm? 235
Concrete a.
Stress — strain curve Reinforcing steel b. DIN EN 1994-1-2
Structural steel
Temperature load ETK (four sides) DIN EN 1991-1-2
Heat transfer coefficient Oc W/(m? x K) 25
Emissivity Em 0.7
Thermal and Concrete A, P, Cp, Ethc DIN EN 1994-1-2
physical material
properties Steel A, Ps, Ca, Eths, Eth,a DIN EN 1994-1-2
a. Containing mainly quartzite aggregate and density p=2400 kg/m3
b. Hot-rolled




Analysis

Previous verification using SAFIR

- 2D beam elements
- For displacement at 60 minutes the criterion is not fulfilled

Requested Reference | Calculated | Deviation | Limit
results value value [%)] [%]
Failure time 02 T s 435
Displ | 20 | 440 << 444 208 | _.
(mm] |0 -
o 50 T s
min

The result is not consistent with the other values:

- at 30min the displacement is bigger than the reference value while
for 60 minutes the displacement is smaller than the reference value

- For smaller displacement it is expected longer resistance time; but
for this case the fire resistance is smaller



Model - Abaqus

Material properties

Conductivity

/

\

30
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10 +

200

\7

400 600 800
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1200

1400

6000.00
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nnn
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I

|

e —

N~

0

Thermal elongation

/

/

—
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1200
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b

L 2
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Model

Part definition

Separated parts for
each material

-contact Rroblem

One part divided
Into partitions

[




Model

Concrete model

Piecewise > Large tensile
stress-strain stress for concrete
Smeared > -elongation &
concrete BC problems
Damaged . © N .
plasticity =«
concrete e ;

/,j(lfl—d,)E.,




Model

Boundary conditions

Fully fixed Fully fixed
-surface -node




Analysis

Thermal analysis - 2D - verification
Grid Convergence Index (GCI) for temperatures at 90min

89

[
|
il
|
a
| |
1
A
1
I
[

L
I
1
1
i
i
[1!
I
!

. Order of | Asymptotic
ABAQUS (2D) Temp reflhement convergence | solution € ecliz eclz2 GCl23/r’GCl12
ratio (r) [%] [%]
HEB (p) fh=0
mesh size HEB

1| 0.0025| 451.00 -0.0011086

2 0.005| 451.50| 1.414213562| 0.844466001 | 449.5294118 -0.4076 | -0.54557 0.998893
Thermal 3 0.01| 452.17 -0.0014839

Abaqus Safir DIN
: HEB300 452 459D> 447

512 51§>< 535




Analysis

Structural analysis

Sequentially Fully

coupled analysis coupled analysis
Thermal analysis

@ 3D solid — DC3DS8: Thermal and
An 8-node linear mechanical analysis

heat transfer brick
@ 3D solid — C3D8T

An 8-node thermally

o 3D solid — C3D8R: An coupled brick, trilinear
8-node linear brick, displacement and

reduced integration, temperature
hourglass control

Mechanical analysis



Results

Fully coupled analysis

Displacement [m]

6000

0.06
0.05
0.04 } l |
/.,
0.02 // /
s e
0 . S —— T ] I
0 1000 2000 3000 4000 5000
Time [s]
——pl-damd-conc-fully fixed == pl-damd-conc-support expansion Simple plastic




Results

The results do not fulfill

92

2 criterion: fire resistance time and

displacemen

Reference Calculated Deviation | Limit
ABAQUS value value
X X’ (%] | [%]
P
Failure time 92 > 87 Q49
5 440 4~ 456 +3.52
Displ. min ~ +5
[mm]
69 550 << 7.82
min

It can be observed that, as is case of SAFIR analysis, fire resistance time
is smaller than the reference value. On the other hand, displacement for
60 minutes is higher than the reference value (still, the Abaqus results are
consistent since for a smaller resistance time there is a corresponding

larger deflection for the column, with respect to the reference value).

Reference | Calculated | Deviation | Limit
SAFIR
value value [%] [%]
Failure time 92 > 88 -4 35
, 30 d

Displ. | °° 440 <K~ 444 +0.82 )

min =+ 3
[mm)]

- 550 —F 5.04

min




Conclusions for composite column

- Extra information needed for the
calculation model

- Mechanical interaction between
elements - unknown

- Concrete model - difficult to define

- Analysis time - long

- What happens after debonding? —thermal
condition
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