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Why should we care?!
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Kotsovinos P, Rackauskaite E, Christensen E, et al. Fire dynamics inside a 

large and open-plan compartment with exposed timber ceiling and 

columns: CodeRed #01. Fire and Materials. 2023; 47(4): 542-568. 

doi:10.1002/fam.3049

https://doi.org/10.1002/fam.3049
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Video: James Greer (UoE PhD student)
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Problems with studying the decay phase:

Fuel takes a while to 

“burn out”

Delamination makes it 

stochastic.

Local failures of fire 

protection systems.
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Assessment of Design Fires for Timber 
Buildings

https ://www.c onstructionnews.co.uk/sections /long-reads /what-nottingham-univers ity-fire-means-for-tim ber-frame-cons truction-17-09-2014/
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How do building geometry and materials

influence outcome?

Thermal properties Openings

Exposed surfaces



Time

Fire size

Fire growth

Compartment

scale

Material

scale



ሶ𝑚𝑓
′′ =

1

𝐿𝑣
ሶ𝑞𝐸
′′ + ሶ𝑞𝑓

′′ + ሶ𝑞𝑐ℎ
′′ − ሶ𝑞𝐿𝑜𝑠𝑠

′′ − −𝑘 ቤ
𝑑𝑇

𝑑𝑥
𝑥=𝑥𝑐ℎ

−
𝜕 𝛿𝑞′′′

𝜕𝑡

External heat flux

Flame heat feedback

Heat released by char oxidation

Losses from the surface

Conductive losses

Energy stored in the char



ሶ𝑚𝑓
′′ =

1

𝐿𝑣
ሶ𝑞𝐸
′′ + ሶ𝑞𝑓

′′ + ሶ𝑞𝑐ℎ
′′ − ሶ𝑞𝐿𝑜𝑠𝑠

′′ − −𝑘 ቤ
𝑑𝑇

𝑑𝑥
𝑥=𝑥𝑐ℎ

−
𝜕 𝛿𝑞′′′

𝜕𝑡

External heat flux

Flame heat feedback

Losses from the surface

Conductive losses

Energy stored in the char

Heat released by char oxidation









Air

ሶ𝑞𝐸
′′



Air

ሶ𝑞𝐸
′′



Nitrogen

ሶ𝑞𝐸
′′



Nitrogen

ሶ𝑞𝐸
′′



0 10 20 30

Air (25 kW/m2)

40

0

8

16

24

4

12

20

Nitrogen (25 kW/m2)

M
a
s
s
 l
o
s
s
 r

a
te

  
(g

/s
/m

2
)

Time (min)



Air Nitrogen

20 kW/m2

25 kW/m2

40 kW/m2

60 kW/m2

Piloted Non-piloted



0 10 20 30

Air (25 W/m2)

40

M
a
s
s
 l
o
s
s
 r

a
te

  
(g

/s
/m

2
)

0

8

16

24

4

12

20

Nitrogen (25 W/m2)

Air – not piloted (25 W/m2)

Time (min)



0 10 20 30

Air (25 W/m2)

40

M
a
s
s
 l
o
s
s
 r

a
te

  
(g

/s
/m

2
)

0

8

16

24

4

12

20

Nitrogen (25 W/m2)

Air – not piloted (25 W/m2)

Time (min)



2

3

4

5

6

10 15 20 25 30 35 40

Air (25 W/m2)

Nitrogen (25 W/m2)

Air – no flame (char oxidation)

Time (min)

M
a
s
s
 l
o
s
s
 r

a
te

  
(g

/s
/m

2
)



Air (25 W/m2)

Nitrogen (25 W/m2)

Air – no flame (char oxidation)

2

3

4

5

6

10 15 20 25 30 35 40

Mass loss due to flame

Mass loss due to char oxidation

Time (min)

M
a
s
s
 l
o
s
s
 r

a
te

  
(g

/s
/m

2
)



ሶ𝑚𝑓
′′ =

1

𝐿𝑣
ሶ𝑞𝐸
′′ + ሶ𝑞𝑓

′′ + ሶ𝑞𝑐ℎ
′′ − 𝐹(𝑇𝑠)

External heat flux

Flame heat feedback

Heat released by char oxidation

Losses

ሶ𝑚𝑓
′′ =

1

𝐿𝑣
ሶ𝑞𝐸
′′ + ሶ𝑞𝑓

′′ + ሶ𝑞𝑐ℎ
′′ − ሶ𝑞𝐿𝑜𝑠𝑠

′′ − −𝑘 ቤ
𝑑𝑇

𝑑𝑥
𝑥=𝑥𝑐ℎ

−
𝜕 𝛿𝑞′′′

𝜕𝑡

𝐿𝑣 = 1.82 MJ/kg



~20 kW/m2 feedback from the flame

~4 kW/m2 feedback char oxidation

Total feedback around 3 kW/m2 during steady state.



Feedback vs. heat released
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30-60% of heat release 

is from char oxidation.
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https://doi.org/10.1016/j.firesaf.2024.104167

https://doi.org/10.1016/j.firesaf.2024.104164

https://doi.org/10.1016/j.firesaf.2023.103793

https://doi.org/10.1016/j.firesaf.2020.103058

https://doi.org/10.1016/j.firesaf.2024.104196

https://doi.org/10.1016/j.ijadhadh.2024.103834

https://doi.org/10.1007/s10694-018-0787-y
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Questions



20 kW/m2
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