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Statement of the problem. Solving the problem of giving the properties of a building structure to
detect fires outside buildings is one of the ways to prevent the transition of fire from one building
to another. Embedding of fire automation equipment in construction products should be carried out
after making the appropriate calculations. The absence of an expression for determining the temperature of the heat-sensitive element of a fire detector inside a concrete block requires detailed
calculations. At the same time, it is necessary to study the influence of the distance to the object of
a possible fire, the size of the heat-sensitive element, and the heat flow on the time of fire detection
by a construction product included in the smart home system.
Results. As part of the temperature measurement of heat-sensitive elements of fire detectors inside
the concrete block, empirical data were obtained. This information allows us to describe the radiant heat exchange at an early stage of a fire. This is typical of open burning outdoors.
Conclusions. Approximate equations are obtained for determining the temperature and response
time of a fire detector inside a concrete block at the initial stage of a fire, depending on the distance to the fire object (radiation source), heat flow, and the size of the thermosensitive element.
These values can be determined with sufficient accuracy.
Keywords: smart house, sensors, networking, fire detector, fire safety.

Introduction. Over 10 thousand fires break out in Russia annually causing a massive destruction. This is largely due to the transfer of smoke during a fire to adjoining buildings [5]. Over
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600 people die in such fires in Russia every year. However, there are practically no technical
tools available for detecting such fires, as the existing fire detectors are designed to protect
facilities. For them to be placed on the outside of the building, appropriate adaptation is required. One of the options would be to place a fire detector inside a concrete block. The places of installation of these concrete blocks with fire detectors in them [6, 9] must be determined by means of calculation. This is due to the lack of regulatory requirements for this kind
of building products, as they are located outdoors. A special role is played by the time when
the temperature-sensitive element of the fire detector heats up to a temperature of 54 °C.
Heating above the specified value leads to the fire detector generating a “fire” alarm. Such
alarms can be monitored by the “smart home” system [11––15, 17––22]. These contribute to
the relevance of the study, which is in the contradiction between the need for formulas for
identifying where new tools for detecting fire and should or should not be located. The objective of the study is to identify the formulas showing the dependence of the distance to the object of a possible fire, the size of the thermosensitive element, the heat flux at the time of fire
detection by a building product included in the “smart home” system.
In this case, the “smart home” system manages fire safety not only inside the building, but
also outside it. In separate facilities of enterprises and institutions, it is easy to implement
measures to ensure that in the event of a fire, all staff members know the procedure and there
are trained individuals who are able to lead a volunteer fire brigade if necessary. In residential
areas, particularly in cases of frequent change of tenants, this is a lot more challenging. Hence
it is important that the owners and management companies establish a fire safety strategy and
ensure that there is always a team of responsible individuals on duty to take full control of the
situation in the event of a fire.
This function can be performed by appropriately trained personnel involved in day-to-day
safety responsibilities. It is also important that a complete re-cord of the operation of the
fire detection, fire alarm and fire extinguishing systems is maintained, so that a complete
inspection of any location is performed to prevent the adoption of any measures that would
lead to the inoperability of any part of these systems. It is crucial that in cases where the
concept of an engineering design for buildings has been approved and adopted, the
measures contained in this design are always complied with. At the same time, financial
needs cannot compromise fire safety.
The temperature of the thermosensitive element corresponding to the issuance of the “fire”
alarm must be reached in a time interval of up to 600 sec, since, a fire commonly develops at
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a rapid rate during this period of time. It is important to know this value both while designing
and installing a building product.
1. Equation of radiant heat transfer between bodies. This equation according to the formula (1) [3, 4] could become the foundation for such a calculation:
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where 5,7 is the blackbody emissivity, Wattꞏm-2ꞏК-4; 𝜀пр is the reduced emissivity of the system identified by means of calculation using the formula (2) [4];
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𝑤ℎ𝑒𝑟𝑒 𝜀ф is the degree of blackness of the torch (when burning a tree it is 0.7); 𝜀в is the de-

gree of blackness of the irradiated substance as identified in reference literature [4]; 𝑇ф is the
temperature of the flame torch, К, for wood and wood products, the average value is taken to
be 1300 K based on [4] 𝑇св is the combustible temperature, К; 𝜑

ф

is the irradiance coefficient

between the radiating and irradiated surfaces.
At the same time, this equation (1) does not consider the location of a thin lens or glass between bodies carrying out radiant heat transfer. Thus while using this equation (1) to identify
the temperature of the temperature-sensitive elements of fire detectors built into concrete
blocks, a significant error may occur.
2. Measurement of temperature values of temperature-sensitive elements of fire detectors built into concrete blocks. Measurements are performed by means of a pyrometer

through a technological hole in a concrete block. The measurement results at a distance of
20 cm, 30 cm, 40 cm from a thin lens with an optical power of 20 Diopters to a 2000 Watt IR
source are shown in Fig. 1.
Fig. 1 that the dependence Ф = f (B) has a polynomial (parabolic) character. As a result of the
approximation, the following equations were obtained:

Ф  B   . B  .B 2  . ,

(3)

where B is the time of exposure to IR radiation on a black thermosensitive element (hereinafter in formulas (4)––(10)), min

Ф  B   .B  .B 2  . ,

(4)

Ф  B   .B  . B 2  . .

(5)
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Fig. 1. Results of bench tests of heat-sensitive elements of fire detectors in concrete blocks at defined distances
Dependence of the temperature (Ф) of a thermosensitive element with a diameter of 58 mm on the heating time (B):
I –– at a distance of 20 cm from the lens to the source of infrared radiation; IV –– at a distance of 30 cm from the
lens to the source of infrared radiation; V –– at a distance of 40 cm from the lens to the source of infrared radiation;
Trends: II –– for dependence I; III –– for dependence IV; VI –– for dependence V

Another important aspect to be studied was the determination of the dependence of the heating time of the thermosensitive element on the power of the IR radiation source. Fig. 2 shows
the results of measurements at a distance of 20 cm from a thin lens with an optical power of
20 Diopters to infrared radiation sources of 1000 Watt, 1500 Watt, 2000 Watt.
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Fig. 2. Results of bench tests of thermosensitive elements of fire detectors built into concrete blocks at a certain
power of infrared radiation Dependence of the temperature (Ф) of the 58 mm thermosensitive element on the
heating time (B): I –– at a radiation power of 2000 W; IV –– at a radiation power of 1500 W; V –– at a radiation
power of 1000 W; Trends: II –– for dependence I; III –– for dependence IV; VI –– for dependence V
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The dependence Ф = f(B) in Fig. 2 is also polynomial (parabolic). For dependence 1 in Fig. 2
for Ф2.1(B), formula (3) is valid. As a result of the approximation, the following equations
were obtained:

Ф ( B)  .B  .B 2  . ,

(6)

Ф ( B)  . B  . B   . .

(7)

The next stage of the bench tests was to establish the dependence of the heating time of the
thermosensitive element of different sizes. Fig. 3 shows the results of this measurement at a
distance of 20 cm from a thin lens with an optical power of 20 Diopters to a 2000 Watt infrared source.
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Fig. 3. Results of bench tests of certain sizes of heat-sensitive elements of fire detectors built into concrete
blocks Dependence of the temperature (Ф) of the thermosensitive element on the heating time (B): I –– with
a temperature sensitive element diameter of 50 mm; III - with a temperature-sensitive element diameter of 30 mm;
VI –– with a temperature sensitive element diameter of 10 mm; Trends: II –– for dependence I;
IV –– for dependence III; V –– for dependence VI

The dependence Ф

𝑓 𝐵 in Fig. 3 is similarly polynomial (parabolic). As a result of the

approximation, the following equations were obtained:

Ф  B   .B  . B 2  . ,

(8)

Ф ( B)  . B  .B 2  . ,

(9)

Ф ( B)  . B  .B 2  . .

(10)

3. Identifying the universal equations. The resulting equations (3)––(10) have the following

form: Ф( B)  aB 2  bB  c.
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Further, using the Statistica software package, the equations were obtained:

Ф  B, P   .B  .B    P    P  .BP . ,

(11)

where 𝐵 is the time of exposure to infrared radiation on a black thermosensitive element, min,
𝑃 is the distance from the source of IR radiation to the lens, m.

This formula (11) is applicable for calculating the average temperature parameters of the temperature-sensitive element of a fire detector built into a concrete block [6], at a time interval
of 1 min  𝐵  10 min, at a distance of 20 cm  𝑃  40 cm to the radiation source.

Ф  B, M   . M   .B  .B  . M  . BM  . ,

(12)

where 𝐵 is the time of exposure to infrared radiation on a black thermosensitive element, min,
𝑀 is the IR source power, Watt.

Formula (12) is applicable for calculating the average parameters of a heat-sensitive element
of a fire detector built into a concrete block [6] over a period of time 1 min  𝐵  10 min, at
the power of the infrared radiation source 1000 Watt  M  2000 Watt.

Ф  B, И   .И   .B   . B  .И  .BИ  . ,

(13)

where 𝐵 is the time of exposure to infrared radiation on a black thermosensitive element, min,
И is the diameter of the thermosensitive element, cm.

Formula (13) is applicable to calculate the average temperature parameters of the temperature-sensitive element of a fire detector built into a concrete block [6], at a time interval of
1 min  B  10 min, with a temperature-sensitive element diameter 1 cm  И  5 сm.
In formulas (11)––(13) time is used not in SI units. Here the time is given in minutes for the
convenience of calculations.
Conclusions. The values of temperatures of black temperature-sensitive elements of thermal

fire detectors built into concrete blocks were measured. Polynomial equations are obtained
making it possible to describe the dependence of the considered thermosensitive elements under specific conditions on the distance, power of IR radiation, and geometric dimensions. The
approximation error is no more than 6 %.
The resulting approximate equations identify the parameters necessary for designing concrete
blocks with built-in fire detectors for installation. A comparison with domestic and foreign
studies [1––4, 10] shows the results of similar empirical data. Installation of a thermal fire
detector with a black heat-sensitive element 5 cm in diameter in a concrete block is the most
viable option. At the same time, as a result of exposure to solar radiation on this building
product, the “fire” alarm does not occur.
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