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Structural fire safety design :

11B01 & 11023 Konstruktionbrandteknik

Integrated CAD for fire safety:

11B12: Brandmodellering (CAD Fire)



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)



11B12 - Brandmodellering

Education: MIB (Master I Brandsikkerhed)

ECTS points: 5

Work load: 280 hours

Lectures: 27 hours (3 modules of 1 ½ 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 (II module)

Evaluation: Report on Final Assigment



11B12 - Brandmodellering



11B12 – Characteristic of a CFD solver
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11B12 – Theoretical background (crush course!)

CONVECTION
/ADVECTION

through surfaces

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

&<NAME LIST GROUP>
<PROPERTY1 NAME> = <property1 value>
…………………………       …………………
<PROPERTYn NAME> = <propertyn value> /

start character

end character

 group of data

 attributes for the group

separator (blank space or enter)

label  identified by apices such as:                       ‘name’
numbers (use “.” for decimal) separated by “,”:   0.0, 4.5, …

assignment



11B12 – Modeling issues

cell no.

averaged quantity

6000 20250 162000

expected value
at convergence

MESH CALIBRATION

ANALYTICAL VALIDATION



11B12 – Blind Test Contest

HHR = const = 3590 kW
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11B12 – Blind Test Contest

MODEL CFD 2 ZONES EXPERIM
ENTAL

Software CFX CFX FDS4 MFRC ARGOS LAB

Author ETH AFC COWI IMTECH

Smoke height
(m)

7.5
+/‐ 0.5

6.0
+/‐ 1

5.5
+/‐ 1

7.4
+/‐ 0.2 0 6.9 +/‐ 1

Air flow at
door (m3/h)

42’000
+/‐ 1’900

37’000
+/‐ 5’000

35’000
+/‐ 5’000 ‐ ‐ 56’000

Temp. at 
open.1 (C)

227
+/‐10

165
+/‐ 10

65
+/‐ 5

130
+/‐ 10

200
+/‐ 10 113

Air flow at
open.1 (m3/h)

36’000
+/‐900

27’000
+/‐ 7’000

19’000
+/‐ 5’000 ‐ ‐ 29’000

Temp. at 
open.2 (C)

272
+/‐ 17

220
+/‐ 10

75
+/‐ 5

130
+/‐ 10

200
+/‐ 10 120

Air flow at
open.2 (m3/h)

40’000
+/‐ 2’100

37’000
+/‐ 5’000

22’000
+/‐ 5’000 ‐ ‐ 37’000



11B12 - Final assignment

fire spread
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11B12 - Data for fire model



11B12 – Data for evacuation model



Structural fire safety design :

11B01 & 11023 Konstruktionbrandteknik

Integrated CAD for fire safety:

11B12: Brandmodellering (CAD Fire)



11B01 - Konstruktionsbrandteknik

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

ECTS points: 5

Work load: 280 hours

Lectures: 27 hours (3 modules of 1 ½ 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



Design for

knowledge

complexity
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11B01 – Design approaches



11B01 – Design criterion

MATERIAL 
MODELVERIFICATIONLEVEL

q

plastic
max

Msd ≤ Mpl = fydWplsection ULS

max

linear‐
elastic

max ≤ fd = fyk / Mfiber SLS

M + M 

q

M

redistribution factor ≥1

limit 
analysisq ≤ qlim = fykWpl r / L2element

maxmaxmax
ALS

plastic modulus of resistance
Wpl = Wel =  I / ymax

section plastic
benefit > 1



11B01 – Design criterion

global behaviour structurehindered thermal expansion (on 
column, by beam)



11B01 – Building materials and components

BEAMS COLUMNS CONNECTIONS

STEEL Y N N

TIMBER Y Y Y

CONCRETE Y Y N



11B01 – Design steps
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modeling of fire action1

1

FIRE ACTION

FIRE COURSE

1

Ponticelli&Caciolai, 2008

Structural fire design: main steps



1. Fire action: comparison with other curves20/
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1b. Fire action: Opening factor
20/
09

26

EFFECT OF LOW ENERGY WINDOWS

O = 0.06O = 0.03

LOWER BUT LONGER



1c. Fire action: Thermal inertia

b = 1160b = 560

HIGHER

EFFECT OF WALL INSULATION



q = 150

1d. Fire action: Fuel load density
20/
09

EFFECT OF HIGHER FUEL LOAD

q = 250

LONGER AND HIGHER
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Structural fire design: main steps
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2. Element temperature: steel

Tg,max = 800 °C

tf  =70min

Ts,max = 600 °C

ts,max = 38 min

delay

19 min

      Δt )T‐(T
)/λ(d

/VA

c ρ
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    ΔT
sg

sin

sin

sp,s

s
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section factor

thermal resistance
of the insulation
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Structural fire design: main steps
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DEG. FACTOR(Hertz’s formula)

HEAT RESISTANT CONCRETE

MILD STEEL

RAPID HEATED 
CONCRETE

3. Material degradation: coeff. for steel and concrete
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modeling of fire action1
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Structural fire design: main steps



M + M 

q

M

maxmaxmax

q

4. Design: steel insulation ‐ beam



I, II, III: different rate of heating (from higer to lower hr)

pel

4. Design: steel insulation ‐ beam

0.7

550C

Total plastic benefit in fire: T = plimT /pel20



N
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 LC
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Effects of hindered 
thermal expansion

x

y
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N
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Ayrton‐Perry 
formulation

4. Design: steel insulation ‐ columns



60

125

4. Design: steel insulation ‐ column

Slenderness:
 = Lbuck /√(Imin/A)

Critical stress:
k = plimT / A



4. Design: steel insulation

Tcr

Tmax

      Δt )T‐(T
)/λ(d

/VA
c ρ
1

    ΔT
sg

inin

sin

sp,s

s




fire‐proof
plaster

fire‐proof
plaster

spray plaster

calcium silicate

panel

mineral fibersvermiculite

panel panel

Ponticelli&Caciolai, 2008

4. Design: steel insulation



B

B

4. Verification: concrete zone model (CONFIRE)
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4. Verification: concrete zone model (CONFIRE)



REDUCED
PROPERTIES

Kmod
fi

x(0)

r = x(0)

x(0)

STRENGTH REDUCTION REDUCED CROSS SECTION
more realistic section and properties conventional   section  and  properties

x(n)

r = x(0)

NOMINAL
PROPERTIES

x(n)

dpyr

xeff

4. Verification: timber



STRUCTURAL BUILDING COMPONENTS MAGAZINE, 2001

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)

4. Verification: timber connections
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