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Interdisciplinarity in Fire Safety Design
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Fire Safety Design Strategies
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Integrated CAD for fire safety:

11B12: Brandmodellering (CAD Fire)
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11B12 - Brandmodellering

Education: MIB (Master | Brandsikkerhed)

ECTS points: 5
Work load: 280 hours

Lectures: 27 hours (3 modules of 1 % day each)

Duration: August - November + examination in January
Course responsible: Luisa Giuliani
Teachers: Luisa Giuliani (fire) and Christian Kindler (evacuation)

Feedback: Report on fire spread (I module) + Report on Evacuation (Il module)

Evaluation: Report on Final Assigment

DTU Co-funded by the
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11B12 - Brandmodellering
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11B12 — Characteristic of a CFD solver

AXISIMMETRIC «<— | Two-dimensional F Three-dimensional  —> GASSES
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11B12 — Theoretical background (crush course!)

Hydrodynamic model

The problem is to predict the evolution of the fluid flow, given a set of initial
and boundary conditions.

Conservation of mass:
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11B12 — FDS Syntax

/ start character / separator (blank space or enter)

NAME LIST GROUP>© € group of data

<PROPERTY1 NAME> = <propertyl value> < attributes for the group

<PROPERTYn NAME propertyn Value@

assignment / \ l\\>end character

|

label identified by apices such as: ‘name’

“w Jn a“ 7,

numbers (use “.” for decimal) separated by “,”: 0.0, 4.5, ...



11B12 — Modeling issues
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11B12 — Blind Test Contest
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MODEL

Smoke height

Air flow at
door (m3/h)

Temp. at
open.1 (C)

Air flow at
open.1 (m3/h)

Temp. at
open.2 (C)

Air flow at
DTI Open.Z (m3/h)

11B12 — Blind Test Contest
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11B12 - Final assignment
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11B12 - Data for fire model
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11B12 — Data for evacuation model
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Integrated CAD for fire safety:

11B12: Brandmodellering (CAD Fire)

Structural fire safety design :

11B01 & 11023 Konstruktionbrandteknik
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11B01 - Konstruktionsbrandteknik

Education: MIB (Master | Brandsikkerhed) / MSc Civil Engineering (as 11023)

ECTS points: 5

Work load: 280 hours

Lectures: 27 hours (3 modules of 1 % day each)

Duration: August - November + examination in December

Course responsible: Kristian Hertz

Teachers: Luisa Giuliani (steel and wood) and Kristian Hertz (concrete)
Structure: 2 hours lecture + 2 hours tutorial

Evaluation: Written examination with censor

DTU o Co-funded by the
oo DTU Civil Engmegnng . Erasmus+ Programme
=< Department of Civil Engineering of the European Union



11B01 — Design approaches
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11B01 — Design criterion

T

MATERIAL
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11B01 — Design criterion

DESIGN VERIFICATION LEVEL
elastic : AN : Csq”— < fiq fiber
I i fyd I
plastic | | M, U5 < fq W, section
: f :
1 Vd 1

thermo-plastic with DD I:!:I DD .
limit analysis psdf' < kyT‘pum element
kyT'fyk

hindered thermal expansion (on

truct
column, by beam) REUESE

global behaviour




11B0O1 — Building materials and components

STEEL Y N N

TIMBER Y Y Y
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11B01 — Design steps

Fire

modeling of fire action

heat transmission

ONG;

Ponticelli&Caciolai, 2008
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Structural fire design: main steps

Ponticelli&Caciolai, 2008
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1. Fire action: comparison with other curves
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1b. Fire action: Opening factor
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1c. Fire action: Thermal inertia

——EN Parametric b =560  ——DSParametric
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1d. Fire action: Fuel load density

——EN Parametric g = 250 == DS Parametric
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Structural fire design: main steps

Ponticelli&Caciolai, 2008
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2. Element temperature: steel
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900 :\ 19 min /:
800 7—!-\ : Tymox=800°C T, ..=600°C
| |
700 / ! ! te =70min |ty max =38 min
| I
> ! | | \
| |
500 ' '
. / .
| |
400 / i \
| |
300 : ! \
200 / | : ion factor\
| |
// |
0 -
0,00 0 100,00 120,00
thermal resistance

of the Insulation




Structural fire design: main steps

Ponticelli&Caciolai, 2008
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3. Material degradation: coeff. for steel and concrete

M= E e Ry
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Structural fire design: main steps

Ponticelli&Caciolai, 2008

: od @ | I
I = = AF time l
I I
i 5 8] I
| g o I
| E E |
e
I
: 1 Timrn_a ﬁ = I
| B Plok
O . |
| Q VWAL TS
| — AT
[ Fire Enclosure boundary |
' l
! Q modeling of fire action @ material properties |
' l
, l
: @ heat transmission @ structural behaviour I
I

FIRE ACTION

—

FIRE COURSE

AT Y
-«

ELEMENT
TEMPERATURE

MATERIAL

DEGRADATION

VERIFICATION
OR DESIGN

RO O OO



4. Design: steel insulation - beam
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4. Design: steel insulation - beam

Total plastic benefit in fire: 7 =p,.." /p,*°

10
[(TIITITITT]S
A | S
2. W i
05 qer‘ﬂ';ﬁé"—\ : I
' pel i
i <
y
!
]
)
200 400 om%,;)c 600 °C

, 1, 1ll: different rate of heating (from higer to lower hr)



4. Design: steel insulation - columns

Ayrton-Perry
formulation

fv(x)

Vo(X)

Effects of hindered
thermal expansion
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4. Design: steel insulation - column

Critical stress:
= T / A
Gk P lim O,
kel st
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. Design: steel insulation
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4. Design: steel insulation

fire-proof
plaster
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4. Verification: concrete zone model (CONFIRE)

Calculates the termperature in a point (X,5)
and through a two sided exposed wall

Version date 2007-05-30
Expiration date  2009-01-01
The date today  2007-05-30

W|0150 m H|1000 m
2 0030 m ¥ (1000 m

(

Conductinty of insulation
t |60 min d | 0.000 m |0.20 WimC

ot el | Mamn Group Concrete = Click on name!

~ Opening Factor Fire " Standard Fire With Cooling
Openmng Facter | 0.02 mYs  Fire Load | 200 I/m2

Thermal Inertiab | 1160 Wsiem2C
ILEVCEIM 1 1ild Steel or Hot Rolled m point (x,y)

— t -
Jutpu M ETA Yin@®y)C 02%  20%
Attimet |1.0000f 09566 P57, [0.8220 [0.9962

HOT 09964 [0.8995 13.  [0.6266 10.9434
COLD 09145\ 07989 Ja13.  [1.0000 [1.0000

HOT T at time |1 1/ Max T (COLD) at 162  min

Made by Enstian Hertz
The program can be used on your own responsibility

END

A




Calculates the termperature in a pomnt (x,¥)
and through a two sided exposed wall

Version date 2007-05-30
Expiration date  2009-01-01
The date today  2007-05-30

W|0.150 m H|1.000 m
z 10030 1.000 m
t |60 0.000

my Conductivity of insulation

WimC

min d

m |0_20

= Click on name!

ol 1 Man Group Concrete
# Opemng Factor Fire " Standard Fire With Cooling

Opening Factor | 0.02 m¥2  Fire Load IZUU MI/m2

Wstam2C

Thermal Inertia b

1160

n point (£,y)

4. Verification: concrete zone model (CONFIRE)

7 N\

N

M \ ETA Tum@y)C 02%  20%
Arimgt[1.0000 [0W566 57 8220 [0.9962
HOT| 09969 [0p995 W13, [0.6266 [0.9434
COLL\ 09145 [0f7989 413 [1.0000 [1.0000
HOT T Xtime 15 min  Max T (COLD) at 162  min
Made by Enstian Hertz
The program can be used on your own responsibility END
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4. \erification: timber

STRENGTH REDUCTION

more realistic section and properties conventional section and properties
/ r= X(BO) D ;/ \i
i I
; 7= Xeff
REDUCED I | NOMINAL !
X(Bo) #=1  PROPERTIES :| | PROPERTIES | £ x(B,)
i I
. !
Kmod I : dpyr — .:;_
i I
\ "
- ~ T == f =
i X(BO) é X(Bnly




4. Verification: timber connections

- 1\' .
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Connections should
carry the same as
the adjacent parts of
the structure!

In fact connection are often
the weakest link in wood
structures

(the section is weakened by
the charring from the many
steel parts)
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