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Charlier, M., Vassart, O., Gamba, A., Dai, X., Welch, S. & Franssen, J.-M. 

(2018) “CFD Analyses Used to Evaluate the Influence of Compartment 

Geometry on the Possibility of Development of a Travelling Fire”, SiF 2018, 

University of Ulster, 6-8 June 2018

Travelling fires for structures
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Burning rates * Drysdale (2011) An introduction to 

fire dynamics, Wiley, 3rd ed.
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Cooling phase problem
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BST/FRS 1993 Fire Tests

Kirby BR, Wainman DE, Tomlinson LN, Kay TR, Peacock BN. (1994) Natural Fires in Large Scale Compartments. 

British Steel Technical, Fire Research Station Collaborative Project Report, UK

Cooke G (1998) Tests to Determine the Behaviour of Fully Developed Natural Fires in a Large

Compartment. Fire Note 4, Fire Research Station, Building Research Establishment
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BST/FRS 1993 Fire Tests

Kirby BR, Wainman DE, Tomlinson LN, Kay TR, Peacock BN. (1994) Natural Fires in Large Scale Compartments. 

British Steel Technical, Fire Research Station Collaborative Project Report, UK

Cooke G (1998) Tests to Determine the Behaviour of Fully Developed Natural Fires in a Large

Compartment. Fire Note 4, Fire Research Station, Building Research Establishment
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Kirby BR, Wainman DE, Tomlinson LN, Kay TR, Peacock BN. (1994) Natural Fires in Large Scale Compartments. 

British Steel Technical, Fire Research Station Collaborative Project Report, UK

Cooke G (1998) Tests to Determine the Behaviour of Fully Developed Natural Fires in a Large

Compartment. Fire Note 4, Fire Research Station, Building Research Establishment

Cooling phase – BST/FRS
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Dai, X., Welch, S., Rush, D., Charlier, M. & Anderson, J. (2019) “Characterising natural 

fires in large compartments – revisiting an early travelling fire test (BST/FRS 1993) with 

CFD”, Proc. 15th Int. Conf. & Exhibition on Fire Science & Engineering (Interflam 2019), 

Royal Holloway College, Nr Windsor, UK, 1-3 July 2019.

Cooling phase – BST/FRS
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Janardhan, R.K. & Hostikka, S. (2021) “When is the fire spreading and when it travels? 

– Numerical simulations of compartments with wood crib fire loads”, Fire Safety Journal 

(2021), doi: https://doi.org/10.1016/j.firesaf.2021.103485.

Cooling phase – BST/FRS
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Janardhan, R.K. & Hostikka, S. (2021) “When is the fire spreading and when it travels? 

– Numerical simulations of compartments with wood crib fire loads”, Fire Safety Journal 

(2021), doi: https://doi.org/10.1016/j.firesaf.2021.103485.

Cooling phase – BST/FRS
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Cone calorimeter

Charley, P (2021) “Characterization of Role of Smouldering Char via Fire Simulation”, 

MEng thesis, School of Engineering, University of Edinburgh [unpublished]
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Thermal conductivities

Liu, C (2021) “Characterisation of Travelling Fires – The Cooling Phase”, 

SAFE MSc dissertation, School of Engineering, University of Edinburgh 

[unpublished]
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Wood charring

Janssens, M. 1991b. Rate of Heat Release of Wood Products. 

Fire Safety Journal, 17(181): 217-238. 

.



B
R

E
 C

e
n

tr
e
 f
o
r

F
ir

e
 S

a
fe

ty
 E

n
g
in

e
e
ri

n
g

Wood charring

Janssens, M. 1991b. Rate of Heat Release of Wood Products. 

Fire Safety Journal, 17(181): 217-238. 

.
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Wood charring

Forest Products Laboratory. 2010. Wood handbook, Wood as an engineering material. General 

Technical Report FPL-GTR-190. Madison, WI: U.S. Department of Agriculture, Forest Service, 

Forest Products Laboratory.
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Wood charring

Forest Products Laboratory. 2010. Wood handbook, Wood as an engineering material. General 

Technical Report FPL-GTR-190. Madison, WI: U.S. Department of Agriculture, Forest Service, 

Forest Products Laboratory.
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Heat of combustion

Liu, C (2021) “Characterisation of Travelling Fires – The Cooling Phase”, 

SAFE MSc dissertation, School of Engineering, University of Edinburgh 

[unpublished]
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Model representations

Liu, C (2021) “Characterisation of Travelling Fires – The Cooling Phase”, 

SAFE MSc dissertation, School of Engineering, University of Edinburgh 

[unpublished]
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* Gamba, A., Charlier, M. & Franssen, J.-M. (2020) “Propagation tests with 

uniformly distributed cellulosic fire load”, Fire Safety Journal 117, 103213 

doi:10.1016/j.firesaf.2020.103213 

Crib fire experiments
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o Photos regarding the experiment:

“Liege test series”, LB7 Test, Marchienne, Belgium, 2018

(a) (b)

Figure 1. (a) Skewed view of test rig without wood sticks, and (b) Side view of test setup.
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“Liege test series”, LB7 Test, Marchienne, Belgium, 2018
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Figure 2. Overview of test setup in elevation: compartment structure, plate thermometer and 

thermocouple instrumentations (marked with pink square dot), and location of sticks.
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FDS modelling for calibration, “Liege test series”, LB7

o Grid cell resolution in elevation view

Figure 5. Grid cell resolution of the model:  1.5 cm × 1.5 cm × 1.75 cm per cell for wood sticks 

in porous crib structure, 6 cm × 6 cm × 7cm and 3 cm × 3 cm × 3.5 cm cell size in gas phase, 

total number of cells ~1.3 million. 
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FDS modelling for calibration, “Liege test series”, LB7

o Fire development within the wood crib

Figure 11. (a) Flame development within wood cribs (wood sticks “obstruction” 

removed in Smokeview for clearer flame demonstration), and (b) Temperature 

development at the compartment central ‘slice’. 

o Temperature development within the wood crib

(b)
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FDS modelling for calibration, “Liege test series”, LB7

o Fire spread rate comparison

Figure 8. Comparison between the test and the model, (a) Fire spread radius from wood crib 

centre to edge, and (b) Fire spread rate from wood crib centre to edge.
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FDS modelling for calibration, “Liege test series”, LB7

o Fire spread rate vs. HRR (decoupling time dependency)

o Fire height comparison

Liu, C (2021) “Characterisation of Travelling Fires – The Cooling Phase”, 

SAFE MSc dissertation, School of Engineering, University of Edinburgh 

[unpublished]
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Grid Sensitivity Studies
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o Cell size sensitivity in gas phase

FDS grid sensitivity studies, “Liege test series”, LB7

Figure 12. Cell size sensitivity at gas phase on (a) HRR, and (b) Fire spread radius.
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o Cell size sensitivity in gas and solid phases

FDS grid sensitivity studies, “Liege test series”, LB7

Case Fuel bed Gas phase Horizontal pitch Vertical pitch Cells

Baseline 1.5 x 1.5 x 1.75 6 x 6 x 7 9 (6 cells between) 3 (2 cells between) 1 045 787

Half gas 1.5 x 1.5 x 1.75 3 x 3 x 3.5 9 (6 cells between) 3 (2 cells between) 2 201 472

Half solid 0.75 x 0.75 x 0.875 3 x 3 x 3.5 18 (12 cells between) 6 (4 cells between) 7 237 989
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o Cell size sensitivity in solid phase

FDS grid sensitivity studies, “Liege test series”, LB7
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FDS grid sensitivity studies, “Liege test series”, LB7
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FDS grid sensitivity studies, “Liege test series”, LB7
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FDS grid sensitivity studies, “Liege test series”, LB7
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Full scale experiments

Nadjai, A., Alam, N., Charlier, M., Vassart, O., Dai, X., Franssen, J.-M. & Sjöström, J. (2020) 

“Travelling fire in full scale experimental building subjected to open ventilation conditions”, 

Structures in Fire 2020, University of Queensland, Brisbane, Australia, 30 November – 2 

December 2020 doi:10.14264/987a305 
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Full scale experiments

Nadjai, A., Alam, N., Charlier, M., Vassart, O., Dai, X., Franssen, J.-M. & Sjöström, J. (2020) 

“Travelling fire in full scale experimental building subjected to open ventilation conditions”, 

Structures in Fire 2020, University of Queensland, Brisbane, Australia, 30 November – 2 

December 2020 doi:10.14264/987a305 
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Full scale experiments

Nadjai, A., Alam, N., Charlier, M., Vassart, O., Dai, X., Franssen, J.-M. & Sjöström, J. (2020) 

“Travelling fire in full scale experimental building subjected to open ventilation conditions”, 

Structures in Fire 2020, University of Queensland, Brisbane, Australia, 30 November – 2 

December 2020 doi:10.14264/987a305 
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Full scale experiments

Nadjai, A., Alam, N., Charlier, M., Vassart, O., Dai, X., Franssen, J.-M. & Sjöström, J. (2020) 

“Travelling fire in full scale experimental building subjected to open ventilation conditions”, 

Structures in Fire 2020, University of Queensland, Brisbane, Australia, 30 November – 2 

December 2020 doi:10.14264/987a305 
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Full scale experiments

Nadjai, A., Alam, N., Charlier, M., Vassart, O., Dai, X., Franssen, J.-M. & Sjöström, J. (2020) 

“Travelling fire in full scale experimental building subjected to open ventilation conditions”, 

Structures in Fire 2020, University of Queensland, Brisbane, Australia, 30 November – 2 

December 2020 doi:10.14264/987a305 
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Full scale experiments

Nadjai, A., Alam, N., Charlier, M., Vassart, O., Dai, X., Franssen, J.-M. & Sjöström, J. (2020) 

“Travelling fire in full scale experimental building subjected to open ventilation conditions”, 

Structures in Fire 2020, University of Queensland, Brisbane, Australia, 30 November – 2 

December 2020 doi:10.14264/987a305 
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Conclusions (1)

o Reconstruction of a uniform wood fuel bed for fire spread, is achieved 

through using a stick-to-stick model with simple pyrolysis and an ignition 

temperature setup. Compared with previous research the results show 

more parameters being comparable to the full suite of test data, 

suggesting potential credibility of the model for predicting fire spread 

rate, flame temperature, incidental radiant heat flux, burn away, and 

most importantly, the total HRR evolution.

o The thermal properties of the char vary significantly but impact on 

surface temperatures, hence reradiation to gas phase, found to be 

negligible at relevant timescales.

o Hence previously observed discrepancies in the cooling phase 

temperatures are predominantly associated with limitations in 

representation of heat transfer processes associated with the 

glowing char; explicit treatment not currentl included in FDS.

o Generalisation of a simplistic single plateau representation of wood 

combustion to a two plateau model, accommodating charring, has been 

successfully demonstrated with reproduction of crib fire results. 

Extension to compartment scale underway with current simulations.
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Conclusions (2)

o The mesh scheme which adopts a finer mesh within the crib structure 

and relatively coarse mesh in the gas phase, provides an viable 

practical solution for modelling such crib fires, with potential for scaling 

up to compartment level.  Some differences are found but they may be 

expected to be small when spread on upper surface of crib driven 

mainly by remote heating, not local flame front.

o New results with a very fine mesh inside the crib structure (now 

7.5/8.75mm cells, giving 12x4 cells between sticks in elevation) have 

confirmed the plausibility of the original results with a coarser mesh 

(15/17.5mm cells with 6x2 cells between sticks).

o The fine grid model has a total of 7.2M cells, simulation of 20 minutes 

test using 78 processors requires ~12 x 48hr jobs; the coarser mesh 

models run ~14 times as far and hence can be used for parametric 

studies (~10 parameters, x3 cases each = 30 simulations, as 

reported previously).
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