Quantitative infrared thermography in fire tests
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Abstract
The classification of fire resistant occurs with the aid of the results of fire tests. The criteria for the classification are determined in european standards. The use of infrared thermography not only for qualitative observation but also for quantitative measurement during fire tests of glasses and glazings makes it possible to check the demands of national or international standards as ISO 3009 and forthcoming EN 1364 more exactly.

1. Introduction

In Germany for example more than 500 people are killed every year by fire and in addition the fire damages costs the national economy about 5 billion Deutsche Mark [1]. Various efforts are to be done to reduce this threat of human life and the loss of property. The possibilities and capabilities for fire fighting and in addition the fire protection in buildings has to be improved.

Infrared radiation is a valuable tool to be used for these purposes.

2. Detecting of fire and fire fighting with thermography

In Germany already during World War II infrared devices have been developed not only for military purposes but also for early detecting of area fires up to a distance of one hundred kilometers [2]. This technology was later on perfected. In 1994 infrared thermography cameras installed on towers were used for example in France to set up an early warning system for forest fire in the area of Bordeaux [3].

In the Eighties hand held infrared thermography cameras were introduced to fire departements to enable the firemen to act in areas filled with smoke [4]. Localization and rescue of wounded or unconscious people was drastically improved by this technique.

In modern stationary fire fighting systems for example in industrial plants carbon dioxide is used as an extinguishing medium. Carbon dioxide is stored in metal bottles which are linked together with a piping system. In a regular manner these bottles have to be checked if they are still correctly filled. If the bottles are heated slightly with a hot air pistol, a thermal contrast is created between the liquid level and the gas in the bottle.That level can be seen with a thermocamera and the correct height of liquid in the bottle can be detected [5].

3. Fire protection

Buildings have to be designed and constructed in such a way that in the case of a fire they provide optimal safety for people and property. Classic building structures consisting of concrete or bricks are normally not critical in their resistance to fire. But in modern buildings more and more translucent components are installed. These components must show appropriate fire protective properties due to national or international standards. New developed components as glazings, windows or doors must be therefore checked for their fire behaviour in fire tests.

4. Fire tests

4.1.  Fire tests and thermal radiation

In fire tests components to be tested as glazings are installed in front of an oven according to [6] (Fig.1) and exposed to a predefined fire action. The temperature time-curve (standardized) is given by the international standard [6] and can be described:


T – T0 = 345 · lg (8·t – 1)
(1)

T
temperature of the oven in Co
To 
temperature of tested element at the begining of the fire test in Co.

T
time after begining of the fire test in min

To pass the test different conditions have to be fulfilled [7] as:

E 
criterion E „integrity” according to [8]


no passing of flames and smoke through glazing

I 
criterion I „insulation” according to [8]


the temperature rise of the exterior surface of the glass must not exeed 140 K (mean value) respectively 180 K ( maximum value)

W 
criterion W according to [8]


maximum value of irradiance E in a given distance must not be exceeded

The last condition describes that people are able to escape by passing the glazed partition in a certain period of time :

For 5 seconds exposure the irradiance E must not exceed 9600 W/m² and for 60 seconds exposure it must not exceed 3350 W/m². These two conditions can be combined to a hyperbola [9,10]:
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E
irridance in kW

T
time of exposure in s

That curve (Fig.2) describes the maximum endurable irradiance E on a human body.

4.2. Conventional methods

To check the conditions in 4.1 conventially the temperatures at the surface of the glazing are measured with some thermocouples (Fig.1). The problem is, that it is difficult to verify how representative these measurements are and consequently it is not clear and sure if the conditions are really fulfilled.

4.3. Fire tests with thermography

It is therefore convenient to use an infrared thermography camera system to control the whole surface of the element during the fire test. Fig.3 and Fig.4 show two thermograms taken at different times after starting the fire test. A time dependent analysis of the thermograms shows average, minimum and maximum temperature. It has to be taken into consideration, that the emissivity of glass and the other materials used may depend on temperature. So condition I in 4.1 can be easily checked.

Fig.5 shows the time-dependent curve of the surface temperature of the glass in a fire test. It is to be seen, that there are great differences between the minimum and the maximum after 30 minutes. The  measurements recorded with contact temperature sensors at different prescribed points that is shown in Fig.1 could not provide the maximum temperature of the glass because the maxima  are lying in the border zone.

To determine the irradiance E on a hypothetic human body first of all the radiant exitance M of the surface of the glazed element has to be calculated using the temperatures given by the thermograms:


M  =  ( · ( · (T4 – T04) 
(3)

· M
radiant existance in W/m2

· Stefan-Boltzmann constant = 5.7·10-8 W/(m2K4)

· emissivity of the tested element

T
surface temperature of the tested element in K

TE
environment temperature in K

The relation between M and E is given by a geometrical factor  . That factor depends upon the size of the glazing , i.e. size of the emitting surface , the distance to the assumed human body, its size and the angles [11].


E =  M · 
(4)

In a realistic example 30 minutes after the begin of the fire test M can be determined to M = 785 W/m². Due to the given geometrical situation in this case  is calculated to :  


 = 0,66.

So the irradiance E received by a human body is calculated to :


E = 518 W/m²
(5)

Compared with the curve in equation (2) it is obvious that the required conditions are met.

5. Conclusion

In conclusion, infrared thermography is shown to be a useful aid in fire tests of glazing. The demands of national or international standards which are required to fire resitant glazing can be checked for the whole surface in contrast to the measurement with contact temperature sensors at several points. So it is possible to find very simply the maximum and the mean temperature of the object in the fire test by infrared themography.
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Fig.1.Glazing element mounted in front of oven for fire tests
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Fig.2. Maximum endurable irradiance E on a human body



Fig.3. Thermogram of a glazed element 648 seconds after the begin of the fire test
[image: image4.png]



Fig.4. Thermogram of a glazed element 698 seconds after the begin of the fire test
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Fig.5. Surface temperature of glass during a fire test
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3.46269222583605
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3.446873791872674
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56.20000000000053

3.4390549611058967
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3.4364618822867947
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3.4338753552115553
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3.431295351753746
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3.4287218439571916
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3.423594204366439
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3.418492216144713
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58.000000000000554
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3.39088020201001
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