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 SFS-EN 1991-1-2 Annex E includes reduction factors for fire loads when using active 
fire fighting measures (=sprinklers)

 The design fire load is used by Fire Dynamics Simulator (FDS) to calculate the design 
natural fire curve => Is there any difference between gas temperatures when comparing 
reduction factors to real sprinklers?

 Fire of three and four cars in open car park 

WHAT?

WHY?

HOW?

• Reduction factor method of the fire load is not allowed to use in fire design according to 
National Annex of Finland

• No design data for car fires are given in the Eurocode

 Medium-size (Class 2) car fires are modelled without and with sprinklers by modelling 
the fires with FDS 

 The computer model is validated against tests completed in the UK in 2006 – 2009 [1]

 Case study with three adjacent cars (ASFE 2013)
 Case study with a group of four cars 

TAMPERE UNIVERSITY OF TECHNOLOGY
Faculty of Business and Built Environment

Research Centre of Metal Structures, Seinäjoki, Hämeenlinna, Finland

8.6.2013, Naples, Mikko Partanen 4

Fire load densities, SFS-EN 1991-1-2 (informative) Annex E:

[2]

[2]
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FDS simulation model

Windows shatter

Car body won’t burn

Individual
HRR ramps
for tires

Burning plate inside the car
=> Effect of the Eurocode reduction factors

• Mesh size 100 x 100 x 100 mm3

=> Resolution 25
• Individual HRR curves for adjacent

cars
• Ignition from one car to another takes

approximately 12 minutes without any
reduction factors or sprinklers
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Case 1: Fire of three adjacent cars:

• Open car park: 8 m x 16 m, height 3 m
• Burning time 60 minutes

Fire scenarios:
1. Fire without sprinklers
2. Fire with sprinklers

 Water flow 5 mm/min (order for car parks in Finland)
3. Fire scenario, where sprinklers are replaced with reduction factors of fire load

densities according to SFS-EN 1991-1-2
 Sprinklers + 0 pc independent water supply: 0,61 x 1,0 = 0,61 (”EC0,61”)
 Sprinklers + 1 pc independent water supply: 0,61 x 0,87 = 0,53 (”EC0,53”)
 Sprinklers + 2 pcs independent water supplies: 0,61 x 0,7 = 0,43 (”EC0,43”)

* Results of this study have been published in ASFE 2013 Prague:
Heinisuo, M., Partanen, M., 2013, Car fires with sprinklers: A study on the Eurocode for sprinklers, 
Proceedings of International Conference, Prague 19 – 20 April 2013,  Applications of Structural Fire 
Engineering
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Test results: Fire of three adjacent cars (1/2)

• Category 2 car
• Released energy 7500 MJ
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Test results: Fire of three adjacent cars (2/2)

Similar temperatures
up to the first peak
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What if one sprinkler will fail? – Theoretical approach 

• General method: Calculation of γq,f

• Event tree analysis

pt = target probability(safety index β =3,8)

pfi = probability of a general fire

φ = Gaussian distribution function

βfi= Target reliability index

[3]
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What if one sprinkler will fail? – Test for three adjacent cars

Ignition

Higher temperatures
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Case 2: Fire of four cars:

• Open car park: 7,2 m x 12,8 m, height 3 m
• Burning time 60 minutes
• The second and the third car ignites

within 12 minutes, the fourth car
within 24 minutes

Fire scenarios:
Same fire scenarios as earlier presented
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Test results: Fire of four cars (1/2)
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Test results: Fire of four cars (2/2)
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Conclusions
- The Eurocode reduction of the fire load with sprinklers (SFS-EN 1991-1-2 Annex E) gives 

the same maximum temperatures as the simulation with sprinklers up to the first peak of 
the heat release rate

- If it is used to simulate temperatures after the first peak of RHR, the temperatures are very 
conservative based on the results for fires of three and four cars

- The Eurocode reduction does not take into account the fact that adjacent cars do not ignite, 
as is the case with the car fire models and as observed on the other real fire scenarios

 The Eurocode method seems to work well if there are only one burning object in the fire 
area

- Further research are still needed
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Problems/questions encountered during process

- Ignition from one car to another is difficult to get work
 Is the model too simple to model car fires? 
 Should the model be improved in some way?

- How do different sprinklers affect the results?
- Flow rate?
- Spray angle?
- Pressure?
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