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Your choice can influence fire safety!
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Introduction

The very first building codes were made 
to prevent fires from spreading through 
cities during the middle ages. Since that 
time the evolution of these regulations 
has been incidently driven. Some 40 
years ago a more scientific approach to 
fire safety started in several countries 
around the world. Nowadays things like 
for instance external fire spread can be 
predicted by calculation models. Some 
of these models have already been 
incorporated in local and European 
standards. One of these models is used 
in Eurocode � describing a method to 
asses the fire safety of external steel 
structures exposed to a compartment 
fire. Compartment fires are influenced 
by the type of glass used in the 
windows of the compartments. This 
paper shows the influence of the type of 
glass on the development of a fire in a 
compartment using a model developed 
by Margaret Law and Turlogh O’Brien in 
the 70-ties. It hopefully contributes to 
the awareness that the choice of glass 
can be of influence on the fire safety of 
buildings. This paper does not elaborate 
on the behavior of glass exposed to fire.

Compartment fires

In order to understand the influence 
glass may have on a fire we need to 
discuss some fundamentals of fires and 
fire safety engineering. The behavior 
of a fire in a compartment depends 
on the enclosure of the compartment. 
Even a small fire will use a large amount 
of oxygen. So air has to be able to 
reach the fire compartment in order 
to keep the fire burning. The windows 
and doors in the walls surrounding the 
compartment are the only way that 
air (oxygen) outside the compartment 
can get in, at least until a wall or roof 
collapses. If annealed glass is used this 
will break a soon as it is exposed to 
high temperatures. If the temperature 
of annealed glass reaches �00 – �20 
°C almost all panes will be broken due 
to thermal breakage. This often allows 
a fire to continue growing without 
delay. At the point of flashover when 
the temperature in the compartment 
reaches 500 – 600 °C the entire 
compartment will suddenly burst out in 
flames, often causing shockwaves which 

cause the remaining glass to fall out of 
the window frame. 

With the windows open the fire 
in the compartment will have outside 
air, and thus oxygen, available. Once 
the fire is fully developed inside the 
compartment, the amount of air 
getting in to the compartment depends 
primarily on the area of the windows 
and the fire load (amount of fuel 
per square meter). If the area of the 
windows is small in relation to the fire 
load there will be a shortage of oxygen 
and the fire then is called a ventilation 
restricted fire. With ample ventilation it 
is called a free burning fire.

Ventilation

When the ventilation is not adequate 
the burning rate will remain low. 
This does not mean the fire is easier 
to control or less dangerous. On the 
contrary, in the compartment the 

heat is sufficient to cause materials 
to decompose and pyrolyse. In this 
process combustible gasses will fill the 
compartment but they will not burn 
because of the restricted ventilation 
conditions. Because the pressure in the 
compartment is at the highest in the 
upper half of the compartment these 
hot gasses will gush out through the 
broken windows. Just outside of the 
window an unrestricted supply of air 
causes these gasses to burn as soon 
as they reach the outside. The burning 
gasses cause large flames coming out of 
the windows. These large flames can for 
instance cause fire spread to the next 
floor.     

If the compartment is well ventilated 
a free burning fire occurs. In this 
case almost all combustible gasses 
and material will burn within the 
compartment, In theory no flames 
emerge from the windows, only smoke.    
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This shows that the amount of 
ventilation of a fire compartment 
influences the extent of the flames 
coming out of the windows of the 
compartment. Law and O’Brien’s 
model makes it possible to asses 
the geometry of the flames coming 
from the windows. In the Eurocode 
this model is used to calculate the 
temperature rise of a (steel) construction 
outside the building. In the nineties a 
group of European research institutions 
published the ‘natural fire safety 
concept’. This method asseses the 
fire safety of steel taking into account 
realistic compartment fires instead 
of a standard ISO time temperature 
curve. In the Netherlands a modified 
version of Law and O’Brien’s model 
has been incorporated in a Dutch 
standard assessing the risk of external 
fire spread through radiation from one 
compartment to the other. 

Implications of glass breakage 

The basic model of a compartment fire 
considers the whole compartment being 
on fire (post flash over conditions). In 
this case all windows are supposedly 
open (all glass has broken). This is an 
acceptable point of departure if the type 
of glass in all windows is the same. It 
does not matter if the glass is annealed, 
tempered or laminated. We know the 
time before the glazed area can be 
considered an open windows differs 
between these three types but if all 
windows have glass of the same time 
they will break (and the window will 
open) at more or less the same time. 
After the glass has collapsed, a free 
burning fire or a ventilation controlled 
fire will occur.

If however in the same compartment 
some windows are glazed with 
tempered glass and others are glazed 
with annealed glass the annealed 
glass will break first. Only a part of the 
windows will take part in the ventilation 
of the fire in the compartment. A 
smaller amount of ventilation will 
cause the flames coming out of the 
open windows to get bigger. Bigger 
flames often mean a bigger threat 
of fire spread or more heat transfer 
to for instance steel constructions. 
But it also has influence on the fire 
in the compartment. Lack of oxygen 
means the burning rate will decrease. 
Temperatures in the compartment will 
decrease, but the fire will last longer.     

Of course not only the difference 
between tempered and annealed glass 
will contribute to this phenomena. 
You should also consider wired glass 
and laminated glass. In fire safety 
engineering windows with this kind of 
glass are considered semi-openings and 
engineers should consider fire models 
with these windows both open and 
closed. 

Warning/Conclusion

Why is this knowledge of importance to 
me?,, you might ask. The authors of this 
paper are both active as a consultant on 
fire safety and fire safety engineering 
(FSE). They experience fire safety 
engineering is used more and more 
every year. The introduction of FSE in 
performance based building codes (such 
as the Dutch) and in European standards 
makes it more common to use even 
though state of the art knowledge is 
thinly spread (a.o. not all engineers have 

expert knowledge of glass). The steel 
industry is promoting the use of FSE 
because in some instances FSE shows 
the steel load bearing structure does 
not need any protection from fire. In 
the beginning of this year a European 
network of engineers and scientists on 
this subject started (the ‘secure with 
steel’ network). 

In many projects where the fire safety 
engineer uses models of compartment 
fires the ventilation of the compartment 
is of crucial importance. One of these 
days you will be the supplier of glass in 
such a project. The authors trust you 
now will be aware of the fact that the 
type of glass used matters. If you are 
aware of the usage of these models it 
is wise to ask your client if he is aware 
that the type of glass will make a 
difference. Changing the type of glass 
on such a project on your own authority, 
for instance to enhance burglary 
resistance, is not a wise thing to do 
unless you can be sure the effects of the 
change are well taken into account. It 
is also not wise to simply trust that the 
fire safety engineer has done that; if you 
want to avoid (being held responsible 
for) trouble, you better make sure he 
did.
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