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Introduction

Traditionally, the behavior of structures under fire conditions have been achieved
by prescriptive simplified procedures, widely available at international codes and
standards:

Advanced Numerical Models

b Finite Element Method

Global Behavior
Large Displacements
Second Order Effects

Simplified representation of
thermal exposure conditions

Temperature-time curves

represent accurately

9/29/2014 Fire and Evacuation Modeling Technical Conference (FEMTC) - Gaithersburg, Maryland, September 8-10, 2014

2



Introduction

 Advanced Numerical Models

L Computational Fluid Dynamics (CFD)

Analysis of systems involving
fluid flow
heat transfer
computer-based simulation

Reliable description of fire evolution

Gas temperatures
Velocities (pressures)
Chemical species (smoke)

» Even with all the efforts related to develop each side separately, a coupled fire-
thermomechanical analysis (CFD-FEM) is a relatively new area of research

» This coupling is not trivial, the intrinsic differences between those two models, e.g.,
algorithms, time scales, mesh sizes, etc., male this an encouraging task




Objective

Fire-Thermomechanical Interface (FTMI) model
to performance-based analysis of structures under fire

This automated code improves the reach of the fire engineering
allowing the simulation of the behavior of global structures,
discretized with shell and/or solid elements, under fire conditions.

Fire Thermomechanical

Structural behavior

Reliable fire > Spatial temperature |:> due to heating and
simulation distribution colling down of the
structure
Interface

Thermal exposure conditions

Fi » mesh sizes and shapes
ire » algorithms

Dynamics > time steps Ansys
Simulator
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Objective

Fire-Thermomechanical Interface (FTMI) model
to performance-based analysis of structures under fire

This automated code improves the reach of the fire engineering
allowing the simulation of the behavior of global structures,
discretized with shell and/or solid elements, under fire conditions.

Summary

Surface thermal exposure
Models which geometries do not match perfectly
Heat flux into FEM models

FTMI verification case

H-profile column
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Methodology

" Fire-thermomechanical model s related to a
domain that includes the structure itself and its
components, combined with the surroundings

Unfortunately, this coupled fluid-solid problem
needs distinct techniques to address the
physical phenomena involved

FTMI decomposes this domain into two parts:
the first one is devoted to fire simulation and the
second is about the thermomechanical behavior

w o

Thermomechanical Model

<

Fire Simulation




Methodology

Thermal Energy: Drat = €roats € omi
and

=qce

r,inc

r,abs

qtot = qrad + qconv

—

Radiative energy ‘ ¢ =eo(T +273)

I balance r emi
@ Stefan-Boltzmann law
4 = e, —&o(T, +273)"
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Kirchhoff law
q., = 8[8" —o(T + 273)4]

r,inc

Total heat flux
W -:c, —o(7+273) |+n(T,4T)

q :h(T —T‘) Even advanced fire simulation models are NOT capable of calculate
o £ accurately the temperature distribution on solids

Newton cooling down law
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Methodology

Exposed surface

Adiabatic Surface
Temperature Ideal Surface

Exposed to the same heating conditions
- g[e;’inc —o(T +273)4J+h(7fg Ty )=0)

=¢| e,  Le(F ranre simiatidh
g (\7517& KST RC")af\)/I %;j/( 2007) )

Combining the complexity of fire models into a
scalar variable

Gy = 20| (T 273)" =(L,+273)" |4W( T, T,)

N

Surfaces Thermal The _ also uses the
to achive a of the
Exposure
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Methodology

”".Models which geometries do not perfectly match

The connection between the exposed face of each The element size needed to achieve
thermomechanical element and the fire simulation a correct solution at the

results is acomplished by a colection of spots thermomechanical model can lead
(I, of coordinates x) localized at the center of each face to an unfeasible fire simulation

FDS2FTMI

e




Heat flux into FEM models

At the FEM model, the main target is create an
iterative solution capable to use the surface
temperature to evaluate the heat flux at each
node of the exposed surface.

4, = 20| (Tu +273) ~(T, +273)" |+ (T, - T))

SURF152



Verification of FTMI

Steel panel is exposed to a localized fire to
verify FTMI

Analyze the effects of the simplifications
related to the interface between geometries
that do not match perfectly

Fire simulation domain is 1.5x1.5x2.0m and the
fire scenario is the leakage of 0.1 I/min of
methane at a velocity of 2m/s, at 30cm from
the panel

Panel Ais plane (parallel to yz x=1.2m), with 1.5m
width (y axis), 1.0m height (z axis) and Tcm thick (x
axis).

Main target: verify if FTMI is capable to address
accurately the heat transfer phenomena through
the surface thermal exposure

Panel A

[




Verification of FTMI

The metalic panel temperature distribution
obtained bt FTMI and FDS are compared in order to
evaluate about the accuracy of FTMI

For this example, the thermal model was adapted to
consider only the heat conduction at the x
direction (unidirectional heat conduction model)

. . -

Panel A

[




Application

Verification of FTMI FTMI was capable of process the surface’s
heating condition accurately

Panel A

The between

the models is about

180 1

160 -
2min S5min
140 -
120 A
100 -

80 A

Temperature (°C)

60

40 -

10min

0 ; ; ; : ) 20°C 84°C 132°C 180°C
0 2 4 6 8 10 L I I | | |
Fire elapsed time (min)
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Application

Verification of FTMI The maximum temperature achieved was 154°C at
10min of fire elapsed time (85% of maximum
Panel A temperature obtained by previous model - 181.5°C)

After the verification between

IS a ask about the
need for a to
achieve a temperature profile already
provided by FDS

o S O R R W e
_atl T .
Y I S

The temperature distribution provided by
FDS the

2min 5min

To evaluate this comparison the
just to check if

man) ‘

FTMI is capable of

10min

20°C 72°C 111°C 150°C
L I I I I I |
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Application

Verification of FTMI The maximum temperature achieved was 154°C at
10min of fire elapsed time (85% of maximum
Panel A temperature obtained by previous model - 181.5°C)

o T

In this study case, the structure was
represented by a

: however
structures geometries are

Even usually have
or that can
change the temperature field

2min S5min

T
IEEEEN}
[EREEEE| il

10min

20°C 111°C 150°C
[ I I I | | /=
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Application

H-profile column

EE

In this case a simple supported H-profile
column is exposed to a localized fire

shadow effect

The steel column is 3m height and the cross
section is 0.3m (flange) x 0.4m (web), with
a 12.5mm thickness web and 16mm
thickness flanges

web and flanges
facing fire

o]

The fire scenario is a 200l<\W pool fire
(20x20cm) located 40cm (from pool center)
to the web

™

The column is subjected to a vertical load of
2251, which correspond to 1/50 of the
Euler’s buckling critical load

w)

Each side of these shell elements will have a
different thermal exposure (shadow
effect), incident radiation and gas
temperatures around the surface

20°C 260°C 440°C 620°C
EE -




Application

H-profile column

The are achieved at
points ,asAand D

The temperature
from fire source and those points are more
affected by the

Ts ](OC) 430°C Al
400 -
350 A

300 ~

250 A

200 -

150 ~

100 - N .
30 1 5min 10min 15min 30min 60min
0 . . , , 20°C 110°C 300°C 430°C

0 10 20 30 40 50 ¢ (min) m |
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Application

H-profile column

At the beginning of the fire, the
is located at the areas

The areas
start to create a originated
by the

S - (MPa)

reduction of yield
strength

200

150

100

50
start 5min 10min 15min 30min 60min
0 - - . . 2MPa 60MPa 160MPa 250MPa :

0 15 30 45 t (min) m B
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Application

H-profile column

At the beginning of the fire, the During the anal)l’s'sdotf thJI[S
is located at the areas €Xpansion can leéad 1o a

other members.
b |

Ji

The areas
start to create a originated
by the
0 7 (mm)

vertical displacement G

start 5min 10min 15min 30min 60min
-1 T T T 1 2MPa 60MPa 160MPa 250MPa .
0 15 30 45 t (min) e o
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Conclusions

The main goal of this work is to provide a Fire-Thermomechanical Interface
(FTIMI) model devoted to performance-based analysis of structures under
fire conditions

The application cases verified that the proposed procedure can precisely
evaluate the interface between CFD and FEM models

The addition of the heat transfer coefficient distribution and the definition

of the thermal exposure helped to reproduce correctly the heat flux at the
FEM model

The automated code (fds2ftmi) was able to extract the variables from the
FDS results files and generate the boundary conditions to ANSYS, by APDL
scripts, using solids and shell elements

The presented results demonstrated that this methodology can improve the
reach of the fire engineering producing reliable performance-based analysis
of structures under fire
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