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Technical Note No 45 
 
Thermography and facades 

 
Infra-red thermography has many uses in the inspection of facades and diagnosis of facade 
defects.  This Technical Note describes infrared thermography and the ways in which it can 
be used to survey facade systems.  Example thermal images are shown. 
 
 
Introduction 
 
Infra-red thermography has become 
increasingly common as an inspection 
process applied to facades.  It is a 
technique for making images of facades 
that show the surface temperatures.  It may 
be applied to both internal and external 
surfaces. 
 
Thermography is best used for observing 
temperature differences over a surface and 
identifying hot or cold spots resulting from 
cold-bridging or construction irregularities. 
 
Thermal imaging may be undertaken: 
 

 During construction, 
 On completion, 
 As part of a condition survey, 
 To assist an investigation, for 

instance a study of condensation 
formation. 

 
Thermal images may be used to: 
 

 Check continuity of insulation, 
 Identify cold-bridges (designed and 

unintended), 
 Identify air leakage, 
 Identify component failures such as 

the absence of gas filling in glazing 
units. 

 
BS EN 13187:1995 sets out the procedures 
to be followed when carrying out a 
thermographic survey. 
 
 

Infra-red images 
 
An infrared camera detects and measures 
the infrared energy that is given off by a 
surface.  If the relevant properties of the 
surface and the body of air between the 
surface and the detector are known then it 
is possible to derive the surface 
temperature from the measured energy 
values. 

 
Cooler  Warmer 
 
Figure 1  Typical rainbow colour spectrum 
 
Radiant energy is represented on a thermal 
image, normally as a continuous spectrum 
of colours.  The greatest intensity of radiant 
energy is represented by white and the 
least by black (Figure 1).   
 
Calibration making a generalised allowance 
for surface conditions allows the spectrum 
to represent surface temperatures.  Note 
however that different surface properties 
may mean that the temperature scale does 
not apply precisely to all components of the 
wall. 
 
Thermal images used for anything but 
illustrative purposes should be reproduced 
with a calibrated temperature spectrum 
attached. 
 
The calibration of the colour spectrum will 
differ from image to image, normally ranging 
from the lowest surface temperature to the 
highest in a particular image.  This means 
that two images cannot be compared simply 
by comparing colours in the image. 
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A thermographic camera image is 
compared with a conventional camera 
image in images 1 and 2. 
 
The blue streaking below the window is 
colder than the rest of the wall and 

corresponds to the water run-off from the 
ends of the window cill.  The white and red 
areas show a comparatively warm surface 
associated with heat transfer through the 
cill. 
 

 
 

 

  
 

 
 
Image 1 Visible image of water running 

across a wall 

  
Image 2 Thermal image of water running 

across a wall 
 
 
Infra-red imaging 
 
The detector in an infrared camera is an 
array of sensors similar to the light 
detectors in a digital camera.  To be of use 
for surveying buildings these sensors must 
be sensitive to radiant energy in a band of 
wavelengths, which corresponds to the 
peak energy emission of surfaces at normal 
ambient temperatures.   
 
Infrared cameras which are used for 
surveying building facades must therefore 
be sensitive to the range of wavelengths 
that is encountered at normal UK ambient 
temperatures.  Such cameras are generally 
referred to as ‘longwave’ cameras, and are 
typically sensitive to wavelengths in the 
band from 8-12 microns. 
 
 
Physical principles 
 
All surfaces at a temperature above 
absolute zero (0 K, -273 oC) emit infrared 
radiation.  The distribution of the radiant 
energy with wavelength can be determined 

theoretically.  Figure 2 shows the theoretical 
distribution of radiant energy with 
wavelength for a surface with a uniform 
temperature of 20 oC (293 K).  The 
wavelength (in metres) at which the peak 
occurs is given by the simple formula: 
 

T

002898.0
  

 
where: 
 
 is the wavelength in metres 
T is the absolute temperature of the 

surface, in Kelvin. 
 
For a surface at 293 K (20 oC) the peak 
occurs at 9.9 microns.  As the expected 
range of facade surface temperatures in the 
UK is –10 to +80 deg C, the peak 
wavelengths of interest will be in the range 
from 11.0 to 8.2 microns. 
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Figure 2  Radiant energy from a surface at temperature 20 oC (293 K). 

 
 
For a surface at a given temperature the 
maximum amount of energy that is emitted 
per unit area as well as the distribution of 
that energy with wavelength can be 
calculated.  The total energy emitted per 
unit area of surface is given by the formula: 
 

4ATq   
 
where: 
 
q is the energy emitted per unit area 
  is a constant (5.6710-8 W/m2K4), 
A is the surface area, 
 is the emissivity of the surface.   
 
It is also possible to calculate the amount of 
energy emitted in a given band of 
wavelengths.  If this is done then by using 
an infra-red camera to measure the energy 
emitted from a small area of a surface it is 
possible to calculate the temperature of the 
surface if the surface emissivity is known.   
 
However, some infra-red radiation is 
absorbed by the air between the surface 
and the camera, and this amount depends 
upon the temperature of the air, its relative 
humidity and the distance from the heat 
source to the camera.  It is therefore 
necessary to compensate for these 

parameters when converting the measured 
energy into a surface temperature. 
 
It is also necessary to allow for reflected 
energy.  The reflectivity  of a thermally 
opaque surface is related to its emissivity  
by the simple relationship: 
 

  1  
 
Therefore if the temperature of the surfaces 
facing the source is known then the amount 
of reflected energy can be estimated and 
allowed for. 
 
There is one other factor which influences 
the results – the emissivity (and therefore 
reflectivity) of a surface depends upon the 
angle of incidence.  A different temperature 
will be obtained for a given surface if viewed 
at normal and glancing angles of incidence. 
 
Finally, it is important to understand the 
effect that moisture has on the temperature 
of a surface.  As a wet or damp surface 
dries out it is necessary to impart some 
energy to the moisture in order to cause it to 
evaporate.  The consequence of this is that 
as moisture evaporates from a surface it 
draws energy out of the surface, resulting in 
evaporative cooling.  This process is 
detected by the infra-red camera. 



Thermography and facades TN45 
 

 
4/9 

 
The presence of surface moisture can mask 
effects such as thermal bridging which may 
be the principal subject of the investigation.   
 
However the presence of surface moisture 
is often primary evidence of water ingress 
which may be the subject of the 
investigation.  
 
When carrying out infra-red surveys in 
damp conditions it is important to 
understand the possible effects of moisture. 
 
 
Accuracy 
 
For an infra-red survey to give an accurate 
statement of the temperature distribution of 
a building surface there are many factors 
which need to be taken into account: 
 
 The emissivity of the surface (which 

may vary from one part of the surface to 
another); 

 The distance from the surface to the 
camera; 

 The temperature of the air between the 
camera and the surface; 

 The relative humidity of the air between 
the camera and the surface; 

 The temperature of the environment 
facing the surface; 

 The angle at which the surface is being 
viewed. 

 
For this reason it is not usually possible to 
use an infra-red camera to give an accurate 
reading of the temperature of a building 
surface.  However, this does not limit the 
usefulness of the infra-red camera, 
providing the operator knows what the 
camera can and cannot do. 
 
 
Overall temperature difference 
 
The key parameter when carrying out an 
infra-red survey is the overall temperature 
difference through the building surface that 
is being surveyed.  If the temperature inside 
a building is the same as the temperature 
outside the building there will not be any 

heat transfer through the building surfaces, 
and so the surfaces will all be at the same 
temperature.  In order to distinguish 
between good and poor performing parts of 
a surface it is necessary to have as much 
heat transfer through the surface as 
possible, to maximise the differences 
between different elements of construction.  
For this reason surveys are best carried out 
in the depths of winter, and on heated 
buildings. 
 
 
Effect of the sun 
 
Direct sunlight will increase the temperature 
of a surface.  Differently coloured parts of a 
surface will absorb different amounts of 
solar radiation and so will be at different 
temperatures.  Moreover, the absorption of 
solar radiation on a building external 
surface, even in winter, can provide 
sufficient energy to reverse the direction of 
heat flow through the surface.  Care must 
be taken in interpreting the results of a 
survey undertaken during daylight, 
particularly in direct sunlight. 
 
The presence of direct sunlight can be 
beneficial in some cases.  Thermal bridges 
can often be detected in direct sunlight 
because they do not heat up as much as 
the adjacent surfaces.  Care is still needed 
however to allow for the effects of differently 
coloured surfaces. 
 
Direct sunlight on a surface can be useful 
when surveying the inside of a building.  
Thermal bridges may be more apparent due 
to the increased amount of heat being 
transferred through a wall or roof in direct 
sunlight. 
 
 
Metal surfaces and rainscreen cladding 
 
Certain types of building surface can cause 
problems with an infra-red survey.  The 
most significant of these is metal surfaces, 
particularly where thicker aluminium sheet 
is used.  Aluminium is a good conductor of 
heat and lateral heat flow can cause the 
temperature of the surface to be nearly 
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uniform, even when there are significant 
thermal bridges behind the metal sheets.   
 
Rainscreen cladding systems also present a 
problem, in that the thermal bridges may be 
protected behind a ventilated cavity.  Heat 
loss occurs from the face of the insulation in 
the cavity, and not from the face of the 
rainscreen panels, which are likely to be 
very close to the external air temperature. 
 
 
Glass surfaces 
 
Glass can also present a problem, in that 
glass tends to be more reflective than other 
building surfaces.  An infra-red image of an 
all-glazed façade will often show the 
building opposite, rather than thermal 
bridges in the façade itself, (Image 3). 
 

 
Reflection of building opposite (red/white)) 
modifies anticipated surface temperatures 
(Green/red). 

Image 3 Reflection of building opposite in 
highly glazed facade 

 
 
U-values 
 
The infra-red camera cannot be used to 
measure U-values.  There are several 
reasons for this, but the main reason is that 
U-values are generally determined based 
on a set of standard controlled 
environmental conditions.  Real conditions 
are likely to deviate significantly from these 
standardised conditions, and this can lead 
to significant calculation errors.   
 

Thermal bridges 
 
The infra-red camera is ideally suited for the 
detection of thermal bridges.  A thermal 
bridge is any element of a construction 
which transmits more heat than the 
remainder - by definition there must always 
be at least one thermal bridge (it is the 
thermally weakest part of the construction).  
A thermal bridge will always appear to be at 
a different temperature from the 
surrounding parts of the surface.  As a rule, 
if a building is warmer on the inside than 
outside, and is not subjected to direct solar 
radiation, then a thermal bridge will appear 
warmer on the outside surface, and colder 
on the inside surface. 
 
Thermal bridges are not necessarily 
avoidable.  Many thermal bridges are due to 
the structural connections which connect 
the façade or roof to the building structure.  
These thermal bridges cannot be avoided, 
but their effect needs to be allowed for in 
the building energy use calculations and in 
a condensation risk assessment.  The infra-
red camera provides an ideal tool for 
locating thermal bridges.  The relative 
significance of a thermal bridge can also be 
assessed, (Images 4-9). 
 
 
Water Ingress and moisture 
 
The infra-red camera can detect water 
ingress in two ways: 
 
Firstly the effect of water is typically to raise 
the thermal conductivity of absorbent 
materials.  This results in greater heat 
transfer, which can be detected, (Image 10). 
 
Secondly, if water is present at a surface 
then evaporation of that water will result in 
evaporative cooling, and chilling of the 
surface, (Image 2). 
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Thermal bridge at lintel (red) and mortar joints 
(yellow) are warmer than blockwork (green). 

 Purlin lines (yellow) are warmer than the rest of the 
roof (green). 

Image 4  Thermal bridge at a lintel  Image 5 Thermal bridge due to purlins in a flat 
roof 

 

 

 
Gable wall (red) is poorly insulated with air leakage 
(white) at junction with roof.  Roof fixings (dark 
blue) appear cooler as they have a lower surface 
emissivity but may be mild thermal bridges. 

 Thermal bridge at roof drainage (red) and structural 
column penetrating flat roof (red). 

Image 6 Thermal bridging due to fixings on a 
pitched roof 

 Image 7 Thermal bridge due to pillar through roof 

 

 

 
Inner face of parapet wall is un-insulated (red) 
above flat roof (turquoise). 

 Internal heat source causes external warming of the 
brickwork (red/yellow).  Vertical white stripe on left 
window indicates air leakage at an open window.  

Image 8 Thermal bridge at upstand on a parapet  Image 9 Normal heat loss due to radiators under 
windows 
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Water in insulation increases thermal mass and 
reduces solar warming (green area).  Shaded 
areas appear cooler (black/purple). 

Image 10 Wet insulation – detected in direct 
sunlight 

 
 
Air Infiltration and Exfiltration 
 
Air infiltration and exfiltration will affect 
the temperature of building surfaces.  
Air movement through a building 
envelope can occur as a result of wind 
pressure differences across the 
building or can be caused by the 
slightly increased pressure that results 
inside a building due to the effects of 
the air handling system.  By combining 
an infra-red survey with a pressure 
test of a building it may be possible to 
pinpoint air leakage through the 
building envelope.  However, as with 
heat transfer, this technique is best 
performed with a significant 
temperature difference between the air 
inside and outside the building, (Image 
11). 
 
 
Why carry out a Survey? 
 
An infra-red survey will provide 
confidence that thermal bridges in the 
building envelope have been identified 
during the design stage.  By reference 
to U-value calculations it should be 
possible to demonstrate that all 
thermal bridges have been properly 
accounted for.   

 
Air leakage leads to warming (red and yellow) at 
the eaves.  Warm patch on wall above window 
(yellow) would require further investigation. 

Image 11 Air leakage or poor insulation at eaves 
 
 
An infra-red survey will also provide 
confidence that insulation has been 
properly installed.  Sagging or missing 
insulation will be evident as a region of 
increased heat loss, which should be 
apparent in the different temperature 
of the surface where the insulation is 
missing (Image 12). 
 

 
Cooler rectangle on ceiling (blue/purple) is due to 
missing insulation above.  Note warm patch on 
ceiling (red) due to warm air rising off radiator  

Image 12 Installation fault – missing insulation 
in loft 

 
 
Other manufacturing and construction 
errors may also be detected, (Image 
13). 
 



  
 

 
8/9 

 
Curtain wall viewed from inside.  Different 
performance of glazing units is shown by different 
centre pane temperatures (colours). 

Image 13 Manufacturing defect – glazing units 
with glass touching at centre 

 
 
Interpretation of thermal images 
 
Interpretation of thermal images 
requires knowledge of the internal 
environmental conditions and the 
envelope construction. 
 
Internal heat sources directly behind 
the wall will naturally cause greater 
heat flux through the wall where they 
are located.  This will show as a warm 
area on the outer surface even if no 
thermal bridging is present at that 
location (Image 9). 
 
The envelope construction may 
contain obvious thermal bridges that 
are expected to show on the thermal 
image.  These can often be identified 
by studying construction drawings.  It 
is important to understand where such 
warm areas will occur on the outer 
surface so that if necessary they can 
be recognised as physical thermal 
bridges rather than air leakage. 
 
The stages of carrying out a 
thermographic survey should be to 
study the construction drawings and 
take conventional images as a record 
of the construction.  These can be 
used to anticipate where thermal 
bridging will occur and what the 
thermal images should look like.  Only 
with this information is it possible to 
interpret the thermal images and look 

for reasons to explain any unexpected 
results.  Image 14 shows a hot 
external surface at the head of some 
windows.  At first sight this may seem 
to be due to thermal bridging at the 
interface or air leakage through the 
head joint.  However the conventional 
image (Image 15) shows clearly that 
there is a roof overhang.  This will stall 
any warm air rising past the window 
and is partly the cause of this area 
being warm.  Note also that a 
reflection of the windows occurs on the 
soffit of the overhang. 
 

 
Thermal image showing thermal bridging (red) 
and thermal reflection on overhanging roof. 

Image 14 Deceptive warm surface 
 
 

 
Conventional image showing light reflection from 
roof overhang. 

Image 15 Conventional image corresponding 
to image 14 

 
 
Any discrepancy between the actual 
and anticipated thermal images should 
be investigated and causes for the 
discrepancy investigated. 
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Where a particular panel or detail is 
repeated on the façade it may be 
useful to take several images for 
comparison to see whether the 
discrepancy is repeated or particular to 
a single image. 
 
 
Thermal images 
 
The thermal images used to show the 
scope of use of infra-red cameras and 
the range of defects that may be 
identified are reproduced courtesy of 
iRED Ltd and Sandberg LLP. 
 
If this document has been printed in 
black and white a colour version may 
be downloaded from 
http://www.cwct.co.uk/ 
newforum/tnotes.htm. 
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