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Abstract. The system of hinged ventilated facades is available for a long
time and is now widely used in the construction of new and reconstruction
of existing buildings for various purposes. As practice shows, the problems
associated with the operation of these facade systems are usually caused by
mistakes in the design, selection of components and installation of the
system. Ventilated facade is a multi-layered enclosing structure, which
includes a layer of insulation. Mineral wool slabs are ideal for this facade
system, as it has low thermal conductivity, resistance to temperature
changes and excellent vapor permeability, which allows to fully open the
potential of a ventilated air layer. In the article two ways of installation of
thermal insulation are considered: single-layer and two-layer with different
types of air interlayer: closed, weakly and strongly ventilated. In
accordance with the requirements of Russian and European regulatory
documents, the effect of gaps between the thermal insulation plates in a
single-layer and two-layer design on the reduction of the heat transfer
resistance of hinged facade systems with an air gap was estimated by
calculating 2-dimensional temperature fields. The coefficient of
thermotechnic uniformity was also defined. As a result, optimal variants of
thermal insulation and types of bases for fixing thermal insulation are
suggested.

1 Introduction

The system of hinged ventilated facades is available for a long time and is now widely used
in the construction of new and reconstruction of existing buildings for various purposes.
The system of hinged ventilated facades is known for a long time and is now widely used in
the construction of new and reconstruction of existing buildings with different areas of
destination. Successful implement and development of these systems in Russia was based
on the high performance characteristics inherent in this type of building structures, as well
as the improvment of the energy efficiency of buildings and the increased requirements for
comfort and quality of life [1]. According to the results of 2017, total number of tenders for
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ventilated facades was 16% of the total sum of applications for construction and capital
repairs, and the area of the facades insulated with the help of systems of ventilated hinged
facades was about 20 million square meters.

Ventilated facade is a multi-layered enclosing structure, inside of which an air gap is
provided between the thermal insulation and the outer decorative-protective layer. The air
that circulates freely inside the gap facilitates the ventilation of the internal layers of the
system and the moisture outflow accumulated during operation, thereby ensuring an
optimum moisture balance within the structure, which significantly increases the service
life of the building structures and preserves their thermal and technical characteristics [2].

2 Features of installation of thermal insulation

Mineral wool plates are used as a heat-insulating layer in systems of hinged ventilated
facades, as they are ideal for this system. Mineral wool insulation has low thermal
conductivity, resistance to temperature changes and high vapor permeability, which allows
to fully open the potential of a ventilated air gap. Also characteristic features of mineral
wool are its incombustibility and ability to fit tightly to the insulated surface and the
elements of the subsystem, which is an obligatory requirement for thermal insulation in this
class of facade structures.

As practice shows, the problems associated with the operation of ventilated facade
systems can be caused both by errors in the design and selection of components and the
installation of the system [3]. The quality of installation of a hinged ventilated facade
system affects the heat loss of the shell of the building as a whole. The most significant
problem in the installation of elements of a ventilated facade is the installation of thermal
insulation. Improperly installed insulation can reduce the effect of installing the ventilated
facade to zero, because, first of all, this solution is a thermal insulation system that protects
the load-bearing structures from the negative impact of the environment, and only then is
considered as a way of performing design and architectural tasks. Thermal insulation
boards should be installed close to each other. Only then the maximum effect from the heat-
insulating layer is achieved. All gaps between the plates will be thermal bridges that lower
the thermal resistance of the entire enclosing structure, since cold air constantly circulating
in the air layer contributes to the emission of heat through the joints of the thermal
insulation boards [4]. Taking into the account the fact that the total length of such joints on
the facade is quite significant, it will have a huge negative impact on the efficiency of
insulation.

Unfortunately, to the quality of the insulation installation is not always given due
attention, and as a result, installation takes place with significant disruptions (fig. 1). The
allowed value of the unfilled seam is 2 mm [5]. In reality, it is simply impossible to achieve
the required width of the gap between the plates, since sometimes uneven surfaces needed
to be insulated and it is impossible to achieve the required quality of joints. In hinged
facade systems, a single-layer or two-layer thermal insulation scheme can be used. In this
connection, it is recommended to use a two-layer scheme of insulation installation in
Russia, when the slabs of the outer layer overlap the joints of the internal, thus avoiding the
formation of thermal bridges caused by gaps between the insulation plates [6].
Unfortunately, trying to save money, some customers choose a single-layer thermal
insulation scheme, since it is considered that it is somewhat cheaper in comparison with a
two-layer scheme, in view of the smaller number of works. But how much is this saving
justified?
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Fig. 1. Examples of poor-quality installation of thermal insulation in hinged ventilated facades (the
gaps between heat-insulating slabs range from 5 to 15 mm).

3 Model and calculation procedure

The authors of the article carried out the research of the effect of various insulation
schemes (single-layer and two-layer) and gaps between thermal insulation plates on the
values of the reduced resistance to heat transfer and the heat transfer performance
uniformity factor of hinged facade systems with an air gap using the method of two-
dimensional temperature fields. The calculations were carried out in accordance with the
requirements of European standards [7].

As the base of facade systems were chosen: monolithic reinforced concrete 160 mm
thick or masonry from aerated concrete blocks D500 300 mm thick with cement-sand
plaster 20 mm thick on the inner side. For single-layer thermal insulation mineral wool 120
mm thick was used. While a two-layer insulation examined two variants: top — Paroc
WAS35 30 mm, bottom Paroc WAS120 90 mm or top — Paroc WAS35 50 mm, bottom
Paroc WAS120 70 mm. The heat transfer coefficient of the materials are given in Table 1.
The design temperatures of the outdoor and indoor air are taken: #.., = —25'C u t;,,= +20°C.
Resistance to heat dissipation of the outer surface of walls R, and resistance to heat transfer
of the internal surface of walls, ceiling R,; was taken equal to 0,13 [7].

Table 1. Heat transfer coefficient of used materials.

Name A [W/(m.K)]
Cement-sand plaster 0.930
Aerated concrete 0.132
Monolithic reinforced concrete 2.040
Paroc WAS35 0.038
Paroc WAS120 0.041
Mineral wool 0.040

In calculations, according to DIN EN ISO 6946, the heat dissipation of the external and
internal surfaces is taken depending on the type of ventilated layer between the wall
structure and the facade. This standard considers three types of these gaps (Table 2).
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Table 2. Air gaps.

Closed Weakly ventilated Strongly ventilated
(unventilated) (slightly)
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An air gap is considered to be a closed if the area of the openings communicating with
the outside air is less than 500 mm? per 1 running meter in length (in the horizontal
direction) of the vertical structure (for vertical air layers). An air gap is considered to be
weakly ventilated if the area of the openings communicating with the outside air is in the
range 500 - 1500 mm? per 1 running meter in length (in the horizontal direction) of a
vertical structure (for vertical air gaps) or per 1 m? of a horizontal structure (for horizontal
air gaps). An air gap is considered to be a strongly ventilated interlayer if the area of
openings communicating with the outside air is over 1500 mm? per 1 running meter of the
length of the vertical structure or per 1 m? of the area of the horizontal structure.

Table 3. Results of calculations in accordance with DIN EN ISO 6946.

Resistance to heat transfer: Ro® / Ro", (m2.K)/W
(heat transfer performance uniformity factor r)
Insulation One layer Top Paroc WAS35 Top Paroc WAS35
mineral wool 30 mm, bot Paroc 50 mm, bot Paroc
Base 120 mm WAS120 90 mm WAS120 70 mm
Option 1. A gap in thermal insulation 2 mm wide
Monolithic reinforced concrete 3.338/1.599 3.323/3.135 3.362/3.049
160 mm thick (r=0.479) (r=0.943) (r=0.907)
Masonry from aerated concrete | 5.554/3.524 5.539/5.348 5.557/5.250
blocks D500 300 mm thick + (r=0.634) (r=0.965) (r=0.941)
cement-sand plaster 20 mm
Option 2. A gap in thermal insulation 4 mm wide
Monolithic reinforced concrete 3.338/1.530 3.323/3.069 3.362/3.004
160 mm thick (r=0.458) (r=0.923) (r=0.893)
Masonry from aerated concrete | 5.554/3.428 5.539/5.287 5.557/5.207
blocks D500 300 mm thick + (r=0.617) (r=0.954) (r=0.934)
cement-sand plaster 20 mm
Option 3. A gap in thermal insulation § mm wide
Monolithic reinforced concrete 3.338/1.409 3.323/2.957 3.362/2.917
160 mm thick (r=0.422) (r=0.890) (r=0.868)
Masonry from aerated concrete 5.554/3.258 5.539/5.183 5.557/5.133
blocks D500 300 mm thick + (r=0.587) (r=0.936) (r=0.920)
cement-sand plaster 20 mm

At the size of the plates of the warming layer 1000x600 mm, the area of the calculated
fragment is 0.6 m?, in this case the gap length in the calculation fragment is 1.6 m. With an
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increase in the area of the calculated fragment to 1 m?, we obtain a gap with length of 2.67
m. Thus, the area of the openings communicating with the outside air is

§=2670 - 2 = 5340 mm?. For the experiment, a facade system with a strongly ventilated air
layer is taken, therefore, according to DIN EN ISO 6946: R,.= R;=0.13 (m*>.K)/W. For all
types of insulation, the width of the gaps between thermal insulation boards with the
following thicknesses are considered: 2, 4 and 8§ mm, where 2 mm is the maximum
permissible gap between the plates [5], and the values 4 and 8 mm are taken to evaluate the
influence of increased gap on resistance to heat transfer.

4 Results and discussion

The calculations showed that for single-layer insulation, even the minimum allowed
clearance of 2 mm leads to a significant reduction in the reduced resistance to heat transfer
value, while the two-layer thermal insulation scheme remains effective (Table 3).

Similar calculations were carried out according to Russian standards [8-11]. The results
of the simulation, produced by the Russian and European methods, are identical, which
increases the level of confidence in the results obtained.

Table 4. Illustrations of calculations.
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According to the received data, the most effective option of insulation is a two-layer
solution Top Paroc WAS35 30 mm, bottom Paroc WAS120 90 mm. This is explained by
the fact that the gaps formed by the edges of the insulation plates of the lower layer of 90
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mm thick are covered by the upper 30 mm wind-shield layer and become a closed air
intercalation with low thermal conductivity (the thermal conductivity of the air gap depends
on the width of the gap). In this case, the bottom layer has the maximum thickness and the
minimum effect from outside air in the insulation gaps.

Based on the results of calculations in accordance with DIN EN ISO 6946, we present
several illustrations of calculations (Table 4). All calculations of two-dimensional
temperature fields were made in the HEAT?2 software package.

5 Conclusions

The calculations made allow us to make an unambiguous conclusion that a single-layer
thermal insulation in hinged facade systems with a ventilated air layer is not effective. Even
with a minimum allowable width of the seam of 2 mm, the reduction in the reduced
resistance to the heat transfer value of the facade fragment on the base of reinforced
concrete can reach 52-55%. To achieve maximum effect from the insulation there should
not be any gaps. In reality, with a single-layer thermal insulation scheme, this can only be
achieved by one method - sealing joints with a homogeneous material, which ultimately
leads to higher costs for insulation work and, as a consequence, the inexpediency of
applying such a thermal insulation scheme.

At the same time, the two-layer thermal insulation system maintains its efficiency even
in conditions of installing thermal insulation with gaps exceeding the width allowed by the
standards. That makes it optimal for use in the conditions of Russian reality.
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