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One problem…several solutions
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(cementitious)

Concrete
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Intumescent coatings used in the built environment

In reference to thin intumescent coatings…

These offer a competitive advantage over 
other fire engineering solutions are mainly 
the following:

• Little constrain to architectural vision

• Ease of application
(compared to other solutions)

• On-site or off-site application

The Gherkin (London)



Thin intumescent coatings used in the built environment

Amazon’s Fulfilment Centre (Dunfermline, Scotland)



How intumescent coatings came to be?

• The basic principle is that of a paint that when heated 
will swell (i.e., increase in volume and therefore 
decrease in density) resulting in a thermal ‘buffer’ 
media between the source(s) of heat and the 
substrate painted.

• There are four main ingredients in a water-based 
intumescent coating:
o Acid donor
o Carbon source
o Blowing agent
o Binding polymer
o Flame retardants (opt.)
o Fibres (opt.)

• Choice of ingredients and ratios is key in the overall 
performance during application, normal service 
conditions, and during a fire.



How intumescent coatings came to be?



How intumescent coatings came to be?

• Although the initial development of a formulation is 
done in the “chemistry lab” – refinement takes place 
using a fire resistance furnace testing.

• Testing of intumescent paints using the fire resistance 
furnaces happens in two ways (as far as I know):
o Steel plates (with adiabatic conditions at the back 

of the tested plates) or
o Range of steel cross-sections (section factor – A/V) 

heated from all sides

• The above is done for a range of Dry Film Thickness 
(DFTs) and (at the most) a handful of temperature-
time standard curves.

• Are we all ok with this approach?
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Research team with a mission

Not to only focus on the several

instances for which intumescent

coatings might work 'very well’, but

investigate the fire scenarios and

design conditions for which we things

might not work out as expected.

Willis Tower (formerly Sears Tower)

Learn from “failure”



Brisbane Skytower – a.k.a. Christmas bon-bon

Fire Literacy in Structural Engineering

“When structures do fail in fire it is usually for
reasons that would not (or could not) have
been expected on the basis of the structural
fire engineering design or analysis”

- Paraphrasing from multiple authors, colleagues, myself



Fire Literacy in Structural Engineering

Bisby, L., Gales, J. & Maluk, C. Fire Sci Rev (2013) 2: 1. 
https://doi.org/10.1186/2193-0414-2-1



Key research outcomes



Heat Transfer Rate Inducing System (H-TRIS)



Critical heat flux for onset of swelling

Dr Andrea Lucherini - Fundamentals of thin intumescent coatings for the design of fire-safe structures
https://doi.org/10.14264/uql.2020.1021 



Elliot A, Temple A, Maluk C, Bisby L - Novel Testing to Study the Performance of Intumescent Coatings 
under Non-Standard Heating Regimes

Sensitivity of swelling and heating to the fire scenario 



Dr Andrea Lucherini - Fundamentals of thin intumescent coatings for the design of fire-safe structures
https://doi.org/10.14264/uql.2020.1021 

Sensitivity of swelling and heating to the fire scenario 



Explicit modelling of swelling and heating conditions

Dr Andrea Lucherini - Fundamentals of thin intumescent coatings for the design of fire-safe structures
https://doi.org/10.14264/uql.2020.1021 



Effects of substrate thermal conditions on the swelling behaviour

Lucherini A, Torero JL, Maluk C - Effects of substrate thermal conditions on the swelling of thin intumescent coatings
https://doi.org/10.1002/fam.2840



Effects of substrate thermal conditions on the swelling behaviour

Lucherini A, Torero JL, Maluk C - Effects of substrate thermal conditions on the swelling of thin intumescent coatings
https://doi.org/10.1002/fam.2840



Effects of hindered free swelling
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Bejarano D - Fire Behaviour of Intumescent Coatings upon Hindered Swelling (MEng Thesis, UQ)



Timber protected using thin intumescent coatings

Lucherini, A Razzaqueb QS, and Maluk C – Exploring the fire behaviour of thin intumescent coatings used on timber
https://doi.org/10.1016/j.firesaf.2019.102887



Timber protected using thin intumescent coatings

Hartl R - Comparative fire study between plasterboard and intumescent coatings used in mass timber structures (MEng Thesis, UQ)

Fire-Rated
Plasterboard

Intumescent
Coating



Timber protected using thin intumescent coatings

Hartl R - Comparative fire study between plasterboard and intumescent coatings used in mass timber structures (MEng Thesis, UQ)
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Timber protected using thin intumescent coatings

Hartl R - Comparative fire study between plasterboard and intumescent coatings used in mass timber structures (MEng Thesis, UQ)



Timber protected using thin intumescent coatings

Hartl R - Comparative fire study between plasterboard and intumescent coatings used in mass timber structures (MEng Thesis, UQ)

Derived formulations for 
approximating the amount of 
intumescent required to deliver 
the same protection as given 
thickness of plasterboard.



Timber protected using thin intumescent coatings

Stavros S – Fundamentals which define the performance of timber protected using thin intumescent coatings  (PhD Candidate, UQ)

Ongoing studies (Stavros Spyridakis)

• Study 1 – Onset of swelling

• Study 2 – In-depth charring

• Study 3 – Heat Release Rate

• Study 4 – Surface flame 

• *Study 5 – Influence of weathering

• *Study 6 – Demonstrative medium-
scale compartment with a relatively 
large opening

The above is being performed for three 
paint types at different DFTs. Fire spread test

Transparent thin intumescent coating



Timber protected using thin intumescent coatings

Stavros S – Fundamentals which define the performance of timber protected using thin intumescent coatings  (PhD Candidate, UQ)

Fire spread test



Concluding remarks



What we “think we know” and we “definitely do not know”

We know that…

• (as expected) Higher DFT results in 
higher total swelling, therefore better 
insulation of the substrate

• We can explicitly model the internal 
temperature of swelling intumescent

• The physical swelling governs the 
performance of thin intumescent 
coatings

• Thermal conditions of the substrate 
can influence the swelling behaviour

• Hindered free swelling can influence 
the temperature of the protected 
substrate

• Thin intumescent can work in delaying 
the onset of timber charring
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We don’t know …

• A quantifiable (yet practical) prediction for 
the thresholds in which swelling of 
intumescent will not be effective

o Fire scenario

o Type of coating

o DFT

o Substrate type (and thermal conditions)

o Hindered free swelling

• How timber protected using thin 
intumescent coatings (even in small 
amounts) can change ignition, surface 
flame spread and overall burning behaviour 
of timber (Stavros Spyridakis – ongoing)



What can ‘we’ do today?

Is not all bad news…

• We can design using intumescent coatings as 
long as we demonstrate that during the expected 
“real fire(s) in the real building” the local heating 
conditions at the surface of the paint will not be 
‘very’ different to those for which the paint is know 
to work (standard temperature-time curve).

• In my experience, some of the paints that we have 
tested have a ‘normal’ swelling during slow 
growing fires or very-very rapid growing fires.

• Having said that, there is no mainstream fire test 
environment which aims to understand and 
provide guidance on the required type of coating 
or DFTs appropriate for non-standard 
temperature-time curves.
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