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Tented structures



Typical cross-section for a 15 m span solution (highly concave sections)
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Structural system

Single 
column

Column + 
insert

Single 
beam

Beam + 
insert



Isometric view of case study

Outer skin = PES-fiber (22%)
+ PVC coating (78%),
percentages refer to
part of weight

Cell is highlighted 
equal to 1/7th by ½ part
or 1/14th of global volume
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Structural system



Outer skin = canvas – softening temperature 200°C, melting @ 250°C

Out of tests no fire propagation with local fire, only melting of the canvas

+/- 650 gr/m² = 0,0065 kN/m²
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Structural system



Behaviour in ambient conditions / in case of fire
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Structural system

Hinge

Hinge
Rigid in 

case of fire

Stays a 
hinge

Shielded 
insert

Shielded 
insert



European code for temporary and tent structures

• EN13782 (2015): Temporary structures – Tents – Safety

• Reduction of (snow)loads and fire extinghuisers …

American code ASCE7-16 allows a decreased design period

• ASCE/SCI 7-16 (2016): Minimum design loads and associated criteria for 
buildings and other structures

Decreasing the design period = allowing a higher risk of failure. Is this the best 
practice for a funfair with over to 5000 people in a temporary structure (CC3) ?
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Codes



EN-AW6061_T6, extruded profiles versus steel (as comparison) 

• Ambient

• Fire
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Aluminium

0

0,2

0,4

0,6

0,8

1

0 200 400 600 800 1000 1200R
e
d

u
ct

io
n

 y
ie

ld
 s

tr
e
n
g

th
 a

n
d

 
Y

o
u
n

g
-m

o
d
u
lu

s
  
(1

)

Temperature (°C)

ky,θ,Fe

kE,θ,Fe

ko,θ,Al

kE,θ,Al



• Transfer from fire in an enclosure to an open fire
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Fire scenario

Nominal fires 
with fixed 

temperature-
time relation: 
R in time & θ-

domain

Depending on 
possibilities all 
to max 78% 

(Ozone) of roof 
surface

Two-zone 
model 

approach?
Hot top layer
Uniform qfi,d

FDS-model 
from 1/14th of 
the volume.

Opening = f(θ)
Wooden block



Estimation of heat release rate (HRR); EN 1991-1-1 annex E:

• Theatre; qfi,d=365 MJ/m² & tα=150s

• Fuel-controlled:

• Ventilation controlled:

• Ozone (max 78% roof opening)

→ Worst case scenario = to conservative ?
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Fire scenario



Nominal fire as reference (ISO and External) & two zone model - Ozone 3.04: 

• Influence thin outer skin (1 or 14 cm light masonry and 0,5 mm canvas)

• Double pitch (Δ) do not allow roof openings →Beam shape (Π) with same V&O
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Fire scenario



Nominal fire as reference (ISO and External) & two zone model - Ozone 3.04: 

• Roof full of circular openings = maximum of π/4 or 78%

• To verify sensibility a simulation with 26% is also worked out (1/3rd) 
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Fire scenario

• Influence of material becomes 
irrelevant with roof openings (for 
metallic structures).

• Minor difference between 26 or 
78% of roof openings

• Shifted ISO fire becomes useless



FDS 6.7 model

• Thermocouple devices
to control opening
outer skin

• Adiabatic on structure

• Thermocouple tree

• Fire load of theatre
concentrated in wooden
beam volume (no fire
at the bottom surface)
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Fire scenario



FDS 6.7 model – results of temperature tree

Fuel-controlled and Ventilation-controlled
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Fire scenario



• With nominal fires and Ozone → EN1999-1-2 with uniform heating

→ verification in temperature domain, based on element verification
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Thermal response

R = 21 minutes



• Concave sections subjected to 15 min of ISO fire 

→ geometrical properties ?

→ postprocessing ?
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Thermal response



• Simplification to a single RHS (with equal geometrical properties)
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Thermal response

587°C 465°C 602°C 492°C



• Simplification to a double RHS (outer + insert)

Faculty of Industrial Sciences and Technology, Technology Cluster Construction, 
Campus De Nayer

18

Thermal response

589°C 576°C 609°C 522°C



• With nominal fires and Ozone → EN1999-1-2 with uniform heating

• Based on element approach

Faculty of Industrial Sciences and Technology, Technology Cluster Construction, 
Campus De Nayer

19

Mechanical response

R = 21 minutes



• Simplification to a single RHS (with equal geometrical properties)
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Mechanical response

R = 25 minutes



• Simplification to a double RHS (outer + insert)
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Mechanical response

R = 24,4 minutes



• Small difference in failure time between Ozone and FDS can be explained due 
to the application of the same HRR, nevertheless a benefit of about 4 minutes 
could be found.

• The simplification of a section with an insert by the mean of a single section 
with a higher wall thickness can lead to an overestimation of the fire 
resistance. The outer part becomes hotter, will fail earlier while the inner part is 
not anymore capable to withstand the loads.

• A fire resistance of 25 minutes was achieved by the mean of the heat release 
rate calculated by Ozone (worst case scenario). The application of the 
EN1991-1-2 formulation will deliver higher rates as the HRR develops slower.
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Conclusions



What we’re doing together with John Hopkins University (Thomas Gernay)

• Effective stress method to deal with class 4 sections

• Direct coupling between FDS and SAFIR

• Effect thermal creep ?

• …

With Veldeman group and Serge Ferrari ?

• Real scale test to find out the “real” HRR and aluminium temperatures

• …
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To be continued…


