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Conventional wisdom on concrete in fire

• Concrete has been sufficiently well tested in fire. 

• If moisture levels in concrete are below a certain level, (3%), 
spalling will not take place.

• Whole building effects can be ignored.
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The reality of concrete in fire

• The great majority of the testing on which the current rules are
based were carried out between 50 and 60 years ago. 

• Concrete technology has moved on considerably since then 
and pressure for improved formwork strike time has led to 
concretes with decreased levels of porosity.

• Some tests appear to show that concrete will spall if the 
moisture level is below 3%.

• There is no evidence available to indicate when, or if, 
moisture levels reduce below 3% in a real building.

• The rules for concrete cover and placement of reinforcement 
for fire protection may have been extrapolated to forms of 
construction unrepresentative of those on which the original 
tests were carried out.  
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The reality of concrete in fire (continued)

• There is a significant body of evidence to support a view that 
whole building effects, such as thermal expansion, are  
significant in concrete building fires and these may not always 
be beneficial.

• Spalling is a complex phenomenon which is poorly 
understood and is difficult to accurately predict.

• It is known that different aggregate types and sizes have a 
significant impact on concrete behaviour in fire. 

• Where evidence has emerged to contradict existing rules, this 
may not have been given due consideration.
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Examples of spalled concrete

These are 
examples of 
spalling given by 
Paul Jenkins of 
London Fire 
Brigade in a recent 
presentation.

To be fair, he 
concluded that 
concrete spalling did 
not create a danger 
to building stability
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Examples of contradictory evidence (1)

• John Purkiss and others have summarised the results from 
tests carried out on columns at the BRE between 1964 and 
1976. 
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Examples of contradictory evidence (2)

• A paper by Dotreppe et al, published in 1996.

• The significance of this paper is that the work described was 
identified by Stuart Matthews of the BRE as underpinning the rules 
in EC2, at the Concrete in Fire forum in February of this year..

The paper 
gave no 
indication of 
moisture 
content
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Examples of contradictory evidence (3)

• The Cardington concrete fire test 2001

• The compartment fire was designed to simulate exposure for 
60 minutes to the standard fire.

• Because of failure in the compartmentation, the fire was much 
less severe than this (I estimated a time equivalent of 35-40 
minutes).

• The technical paper by Colin Bailey said: “During the test on 
the concrete building, the slab’s vertical displacement was 
small and the static load was supported due to compressive 
membrane action. However, if the slab’s vertical 
displacements were greater, due to perhaps a more severe 
fire, or a larger compartment area…then it is difficult to see 
how the slab could have supported the static load.”
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Examples of contradictory evidence (4)
The fire test at Delft, January 2007
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Where does that leave concrete in fire?

• There is some evidence to indicate that the rules on design of 
concrete may not always work.

• This has not yet been exposed in a real fire, possibly because it is 
very unlikely that a real fire will be as severe as a standard fire test.

• Most of the large scale building failures in fire have occurred in 
concrete buildings and the most common culprit is thermal 
expansion.

• Concrete cover recommendations for fire resistance are based on 
tests of material and structural systems which are not always 
representative of modern construction.

• Very little is known about the mechanisms of spalling, yet control of 
spalling is fundamental to the behaviour of concrete in fire.

• The assumption that spalling can be ignored if the moisture level is 
below 3%, and that internal concrete frames will always be below
that level, has never been proven.   
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What should happen next?

• Tests need to be carried out on real concrete frames to determine 
the level of moisture and to determine the rate of moisture decay 
with time.

• The tests on which the original rules for concrete in fire were based 
need to be carried out again (or at least a meaningful sample) using 
modern concrete mixes.

• Tests need to be carried out on all common forms of concrete 
construction and the practice of extrapolation to unrepresentative 
forms should stop.    

• Tests should be carried out in real buildings to assess the effect of 
restraint and whole building behaviour.


