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Technical Note No. 31 
PRESSURE EFFECTS ON INSULATED GLAZING 
UNITS 

 

 

Introduction 

By their nature insulated glazing units have a 
sealed cavity containing air or other gas. At the 
time of manufacture the pressure of the gas in the 
cavity will be the same as the external pressure. 
Changes in the external pressure after 
manufacture due to changes in altitude or 
weather conditions will therefore set up pressure 
differences across the glass panes.  

The volume, pressure and temperature of a fixed 
quantity of gas are interdependent hence changes 
in the temperature of the gas within the cavity 
will cause changes in its volume or pressure or 
both.  

This technical note considers the significance of 
the potential effect of pressure on insulated 
glazing units.  

Causes of pressure change 

The three causes of pressure differences between 
the cavity and the external air are as follows: 

1 Atmospheric pressure 
Atmospheric pressure varies according to the 
weather between about 960mbar and 
1040mbar. Unless the pressure is controlled 
during manufacture, the units could be 
sealed at any point within this range. A unit 
sealed at a pressure of 960mbar would 
always be subject to an external pressure at 
least as great as the internal pressure with a 
maximum pressure differential of 80mbar or 
8000Pa. A unit sealed at a pressure of 
1040mbar would always be subject to an 
external pressure less than or equal to the 
internal pressure with a maximum pressure 
differential of 80mbar or 8000Pa. Most units 
would be sealed at an intermediate pressure 
and subject to a varying external pressure 
which will sometimes exceed and sometimes 
be less than the internal pressure. Unless the 

pressure is controlled at the time of sealing, 
the most adverse pressure differential should 
be considered in design.   

2 Temperature 
The pressure, temperature and volume of a 
fixed quantity of gas are related by the 
formula 

K
T

PV
  

where 
P is the pressure 
V is the volume 
T is the absolute temperature 
K is a constant 
 
Thus if the temperature increases the 
pressure or volume will also increase. 
Assuming the volume does not change the 
rate of change of pressure is 340Pa/K.  
 
Under normal conditions in the UK the 
temperature of the gas in the cavity of an 
IGU could be expected to vary between 5C 
and 45C giving a potential pressure change 
of 13600Pa. If solar control glasses are used 
higher temperatures are likely to occur when 
the glass is subject to solar radiation. 
Design to take account of temperature needs 
to consider the most adverse temperature 
change, say from a manufacturing 
temperature of 10C to a service temperature 
of 45C or from a manufacturing 
temperature of 30C to a service temperature 
of 5C. 

3 Altitude 
The atmospheric pressure decreases with 
increasing altitude at a rate of approximately 
12Pa/m. A change of altitude of 500m would 
therefore give a change of pressure of 
6000Pa and a change of altitude of 1000m 
would give a change of pressure of 12000Pa. 
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The altitude change only occurs once when 
the unit is moved from the place of 
manufacture to the site however it may be 
necessary to consider altitude during 
transportation. The pressure difference due 
to altitude differs from those due to 
temperature and atmospheric pressure in that 
it occurs once and is permanent.   

The descriptions above consider the causes of 
pressure differences separately and give an 
indication of the pressure changes possible. 
When considering a particular case it may be 
necessary to combine more than one factor. The 
individual pressure changes may combine to give 
a greater overall effect or may cancel each other 
out. 

Response to pressure changes 

The pressures generated by the above effects 
appear to be very large when compared to the 
wind load which will normally be less than 
2500Pa. However the pressures described above 
assume that the volume of the cavity remains 
constant. In reality the application of these 
pressures to the glass will cause the panes to 
deflect changing the volume of the cavity and 
relieving the pressure. If the external pressure is 
greater than the pressure at the time of 
manufacture, the panes will dish inwards 
reducing the volume of the cavity, whereas if the 
external pressure is less the panes will bow 
outwards. Equilibrium will be reached at a point 
where the bending stress in the glass balances a 
reduced pressure difference. The following 
example illustrates the significance of deflection 
of the glass on the pressures generated. 

The pressure of the gas in the cavity will be 
approximately 1bar or 100kPa. A pressure 
increase of 10kPa is 10% of the initial pressure 
and would be cancelled by a reduction in volume 
of the cavity of 10%. If the volume of the cavity 
is given by 

V = a x b x h 

Where 

V is volume of cavity 

a is length of glazing unit 

b is width of glazing unit 

h is the depth of the cavity 

The change of volume is given approximately by 

V = a x b (d1 + d2) / 2 

where 

d1 is the deflection of pane 1 

d2 is the deflection of pane 2 

Therefore 

V / V = (d1 + d2) / 2h 

If V / V = 1/10 and both panes are of the same 
thickness, then d1 = d2 and  

V / V = 1/10 = d1 / h 

Thus for a 10mm cavity the deflection of the 
glass is 1mm and for a 20mm cavity the 
deflection is 2mm. Except for very small panes, 
these deflections are much smaller than the 
deflection of glass under the allowable wind 
load.  

The actual deflections will be less than 
calculated above as these deflections assume that 
the glass deflects sufficiently to cancel the 
potential pressure difference whereas 
equilibrium will be reached when the bending 
stress in the glass balances the pressure 
difference across the glass.  

Effect of glass thickness 

In the above example it was assumed that both 
panes of glass were of the same thickness and 
hence both deflected by the same amount 
(although obviously they would deflect in 
opposite directions). The deflection caused by 
pressure changes may not cause excessive stress 
in the glass but will cause distortions of 
reflections which may be detrimental to the 
appearance of the glazing.  
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If the thickness of both panes is increased the 
deflection will be reduced as a greater 
equilibrium pressure difference is required to 
maintain a given deflection of the glass. 
However limiting the deflection of the outer pane 
is normally more important and optimum 
performance may be obtained by using thicker 
glass for the outer pane to increase resistance to 
deflection and thin glass for the inner pane which 
will deflect more easily and reduce the pressure 
difference.  

The deflection of glass is inversely proportional 
to the cube of the thickness of the pane. Thus if 
the thickness of pane 1 is 6mm and pane 2 is 
4mm  

d1 = k / 63   and  d2 = k / 43  

hence d1 =  d2 x 64/216  d2 /3 

If this is applied to the example in the previous 
section 

V / V = (d1 + d2) / 2h 

V / V = 1/10 = 4d1 /2 h 

Therefore if h = 10mm, d1 =  0.5mm and d2 = 
1.5mm, and if h = 20mm, d1 = 1mm and d2 = 
3mm. The deflection of the thicker pane is half  
that calculated for the previous example but the 
deflection of the thinner pane is greater. These 
deflections ignore the fact that the equilibrium 
pressure in the cavity will be different in the two 
cases. 

PrEN 13474 

The calculations given in the previous sections 
have made a number of simplifying assumptions 
and are intended to illustrate the effects which 
are taking place and their general order of 
magnitude.  

BS 6262 currently gives design charts for 
assessing the wind loading behaviour of glass. 
These charts relate the glass area and shape, 
wind load and glass thickness. The design 
criteria in terms of limiting stresses and 
deflections in the glass are not explicitly stated 

and no reference is made to the effects of 
pressure on the performance if IGUs.  

British Standards are being replaced by 
European Standards and EN 13474 will be the 
European Standard for the design of glass panes. 
Part 1 gives the general basis of design and 
Part 2 deals with design for uniformly distributed 
loads. Drafts for public comment were issued in 
1999 and 2000 respectively and the following 
discussion is based on these drafts. It should be 
noted that the final standards may differ from 
these drafts. 

The design method given in the draft EN 13474 
is based on calculation of stresses and deflections 
and comparing these values with permitted 
values. The method requires the strength of the 
glass to be known and modified by the 
application of material factors to take account of 
different durations of load, size of pane and the 
limit state being considered (ultimate or 
serviceability). The method is also more rigorous 
in that the effect of all loads on the glass must be 
considered and the worst combination evaluated. 
Different load factors are used when considering 
different durations of load, load combinations 
and serviceability or ultimate limit state. In the 
case of IGUs formulae are given to distribute the 
load between the panes and the loads to be 
considered include the effect of internal pressure.  

PrEN 13474 defines the pressure difference 
between the cavity of an IGU and the external 
environment as the isochore pressure and gives 
default values which can be used in the absence 
of more specific information. For climatic effects 
the worst case is given either by sealing the units 
at low pressure and high temperature followed 
by use at low temperature and high pressure, 
which is defined as the winter condition, or 
sealing at low temperature and high pressure 
followed by use at high temperature and low 
pressure, known as the summer condition. For 
the summer condition the default isochore 
pressure is a positive pressure of 12 kN/m2 and 
for the winter condition the default pressure is 15 
kN/m2. 

PrEN 13474-2 includes a sample calculation of 
the effects of loads and internal pressure on a 
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vertical IGU consisting of 4mm toughened glass/ 
12mm cavity / 6mm float glass. The unit is 
1301mm wide by 989mm high, supported on all 
four edges, subject to a wind load of 1.51kN/m2 
and glazed at an altitude of 400m. The results are 
summarised in the table below.  

4mm pane 6mm pane 
Effect of altitude alone,  
(3.6kPa pressure assumed)  
Stress(SLS); 
Actual 
Permitted 

1.1N/mm2 

61.5N/mm2 

 
0.5N/mm2 

11.5N/mm2 

Deflection 0.8mm 0.2mm 
Effect of altitude plus temperature 
and atmospheric pressure  
Stress(SLS) 
Actual 
Permitted 

5.2N/mm2 
65.3N/mm2 

 
2.3N/mm2 

15.3N/mm2 

Deflection 3.7mm 1.1mm 
Wind load alone   
Stress(ULS) 
Actual 
Permitted 

12.0N/mm2 
49.6N/mm2 

 
16.9N/mm2 
17N/mm2 

Deflection 5.7mm 5.4mm 
All loads   
Stress(SLS) 
Actual 
Permitted 

12.4N/mm2 
80.1N/mm2 

12.1N/mm2 
30.7N/mm2 

Deflection 8.9mm 5.8mm 
   
 

In this case the most critical load case is for the 
wind load only which gives an actual stress of 
16.9 N/mm2 compared with a permitted value of 
17 N/mm2 for the 6mm pane. The calculated 
stresses when the effects of pressure are added to 
the wind load are not necessarily greater than for 
the wind load alone as different safety factors are 
used. The calculation for wind load alone is 
taken to be an ultimate limit state whereas the 
calculation including pressure effects is a 
serviceability limit state. In the example above 
the calculated stresses including pressure effects 
are greater for the 4mm pane but less for the 
6mm pane. The allowable stresses in the glass 
also differ according to the limit state being 
considered and the duration of the load.   

EN 13474-2 suggests that IGUs meeting the 
following requirements may be used in four edge 

supported locations up to 20m above ground 
level without further calculation 

Property Restriction 
  
Glass type Float or thermally 

toughened 
Area of pane  1.6m2 
Thickness of each pane  4mm 
Difference in thickness 
of panes  4mm 
Cavity width  16mm 
External action Wind load only,  

 0.8kN/m2 
Altitude difference 
between production and 
site 
  500m 
  

For comparison, a glazing unit with an area of 
1.6m2 composed of two 4mm panes would have 
a permitted wind load of at least 1.4kN/m2 using 
Figure 10 of BS6262. 

The following Table shows the effect of size of 
unit on the stress in the glass calculated in 
accordance with prEN 13474-2 for an insulated 
glazing unit with two panes of 4mm glass 
separated by a 20mm air gap. The units have an 
aspect ratio of 1.3. Stresses have been calculated 
for a change in altitude of 1000m or a change in 
pressure of 15000Pa induced by climatic 
changes.  

Unit size mm 
(length of shorter 
 dimension)  

Stress N/mm2 

Altitude Climate 
   
150 6.0 6.8 
200 9.6 10.8 
300 15.0 16.9 
400 14.9 16.8 
500 12.6 14.2 
600 8.6 9.7 
1000 3.4 3.8 
   

 

For very small units there is little deflection of 
the glass but the glass can resist the pressure 
with moderate stresses induced in the glass due 
to the short span. As the units increase in size the 
glass deflects reducing the pressure but the span 
increases giving a greater stress for the same 
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pressure. Initially the latter effect dominates and 
the stress rises to almost 17N/mm2 but as the unit 
size increases further the former effect becomes 
more important and the stress reduces.  

The permissible stress for annealed glass in this 
situation depends on the size of the unit. For a 
unit with an area up to 0.5m2 it is 12.5N/mm2 for 
stresses induced by altitude and 16.7N/mm2 for 
stresses induced by climate, the difference in the 
permitted value is because the altitude effect is a 
permanent load whereas the climate effect is a 
medium duration load. 

Breather tubes and capillary tubes 

Where IGUs may be subjected to large pressure 
differences between manufacture and installation 
in the structure, for example due to air transport, 
the effects can be avoided by incorporating a 
breather tube in the edge seal. The breather tube 
allows air to enter or leave the cavity thus 
maintaining the pressure in the unit at the same 
level as the external atmosphere. When the unit 
arrives on site the breather tube is sealed to 
prevent moisture entering the cavity. 

Attempts to avoid pressure differences in service 
have been made using capillary tubes. The 
capillary tube passes through the edge seal 
allowing air to enter and leave the cavity in a 
similar manner to a breather tube. However the 
capillary tube has a narrow bore and a long 
length which can be wound round the edge of the 
unit. The idea behind the use of capillary tubes is 
that moisture entry into the cavity of the glazing 
unit is limited by the length of the capillary tube 
it will have to pass through.  

Both capillary tubes and breather tubes are 
described in ASTM C1249-93. 

Summary 

This Technical Note considers the effect of 
pressure differences between the cavity of IGUs 
and the external environment, caused by altitude 
and climate, on the performance of IGUs.  

The effect of pressure depends on the size of the 
panes and depth of the cavity.  

For units manufactured and used within the UK 
these effects are unlikely to cause failure of the 
glass but there but can create deflection of the 
glass which distorts reflections and hence can 
impair the visual appearance. This effect can be 
reduced by using thicker glass for the outer pane 
of the unit. 

Where large differences in pressure may arise 
due to manufacture or use at high altitude or 
transport by air, the effects of pressure may be 
avoided by using a breather tube which is closed 
off when the units arrive on site. This may create 
complications if gas filled units are required. 
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