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INVESTIGATION THE EFFECT OF OUTDOOR AIR INFILTRATION
ON THE HEAT-SHIELDING CHARACTERISTICS THE OUTER WALLS

OF HIGH-RISE BUILDINGS

The presented article considers the influence of infil-
trated outdoor air on the heat-shielding characteristics
of the exterior walls of modern residential and public
buildings. A review of the sources devoted to this prob-
lem confirmed its relevance at the present time, espe-
cially for high-rise buildings. The authors of the article
analyzed the effect of longitudinal and transverse air
infiltration on the heat-shielding characteristics of the
outer wall of a 25-story building that was built in Sa-
mara. The results showed a significant reduction of the
reduced resistance to the heat transfer of the outer wall
when air is infiltrated through it. There are the results
of full-scale examination of external walls to confirm the
calculated data. Based on the results of the study carried
out by the authors of the article, general recommenda-
tions on the internal finishing of the outer walls of high-
rise buildings are given.

Keywords: infiltration, breathability, external wall, re-
sistance to heat transfer

Today, following the implementation of an
energy saving program in the construction industry
in the Russian Federation, substantial changes
have been made in the design of the external
walls of high-rise buildings. In the construction
of multistory buildings, the structures of external
walls as presented in Fig. 1 are the most common.

However, as evidenced by the study results
reported in [1], external winterization of the brick
walls of buildings in the typically variable thermal
conditions experienced by country cottages is
inappropriate due to the high inertness of the
brickwork.

The required thickness of the heat-insulating
material or lightweight concrete—stonemasonry is
determined based on the regulatory requirements
for the thermal protection of buildings, guided
by SP 50.13330.2012 “Thermal protection of
buildings.”

The influence of longitudinal air infiltration on
the heat-protective characteristics of external walls
with ventilation facades are discussed in works by
V.G. Gagarin, V.G. Kozlov, A.V. Sadchikov [1-4],
Yu.S. Vytchikov [5-8], and M.R. Petrichenko [9].

Paccmompeno eaustue UHGUALIPUPYIOULE20CS. HAPY K-
1020 6030YXA HA MENAOSAULUIMHDIE XAPAKMEPUCTIUKY
HAPYKHBIX CIIeH COSPEMEHHBIX KUADIX U o0ujecmeer-
Holx 30anuil. TTposederitviil 0030p UCMOUHIKOS, NOCES-
WeHHbIX 0aHHotl npodreme, nodmeepoUr ee aKmyarv-
HOCIMb 6 HACHOSU4EE 6peMsl, 0CO0EHHO OAsl GbICOTMHBIX
30anuil. Agmopamu cmamovl npoeeder AHAAUS GAUSHUSL
1poJOALHOIL U NONnepedoll UHGUALIPAL UL 6030YXA HA
MeNnASAWUINHYIE XAPAKMEPUCTIUKY HAPYARHOLL Chie-
Hvl 25-amaxtozo 30anus, nocmpoentozo 6 2. Camape.
Pesyrvmamul pacuema nokasaru 3HAMUmMeAvbHoe CHU-
Kerue npueederozn CONpomusAeHus menionepeoaye
HAPYXKHOLL cmenvl npu uHPuAbmpauuu 6030yxa uepes
tee. JAS nodmeepioerus pacuemmolx OaHHbIX Npuco-
0smesl pesyAbmamul HAMYpHoz0 UCCACOOAHIS HAPY K-
nux cmen. Ha ocnose pesyrvomamos uccaedosanust 0a-
tomes odujue pexomenoauuu no sHympertei omoenie
HAPYKHOLX CIMEH GbICOMHDLX 30AHUTL.

Katrouegvte caosa: unpurompaius, 6030yxonponuua-
Hue, HAPYKHASL CIeHad, COnpomueAeHue menionepedaie

The results of studies of the air permeability of
materials and enclosing structures are presented
in [10-18].

This goal of this study is to analyze the effect
of outdoor air infiltration on the heat-protective
characteristics of the external walls of modern
high-rise buildings.

The effect of the transverse filtration of
outdoor air on the heat transfer resistance of the
external wall of a 25-storey building is assessed
with respect to the structure shown in Fig. 1b.

The value of the heat transfer coefficient of
the external wall, taking into account outdoor air
infiltration, is determined using the following
equation [6, 19]:
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where cp is the specific heat capacity of air
at constant pressure, J/(kg:°C); G is the air
permeability of the external wall, kg/(m*h); and
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Fig. 1. Constructive solutions regarding the external walls of high-rise buildings: a — external wall made from
masonry with lightweight concrete stones; b — external wall with a ventilated facade; c — external wall insulated
by a facade system with thin-walled plaster: 1 — interior plastering; 2 — masonry of lightweight concrete stones in
cement-sand or warm mortar; 3 —non-ventilated air space; 4 — facing ceramic bricks; 5 — heat-insulating material;
6 — windproof membrane; 7 — ventilated air space; 8 — ornamental panel; 9 — metal bracket; 10 — surface finish

layer of the facade system; 11 — plastic dowel.

RJ™ is the resistance to heat transfer of the external
wall surface, (m?-°C)/W.

According to SP 50.13330.2012, the air
permeability of an external wall can be determined
using the following equation:

AP
G ===, kg/(m>h),
R g/(m*h)

u
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where R = Zn‘,Rm is the resistance to air
permeability of the external wall, (m*h-Pa)/kg; and
Rui is the resistance to air permeability of the i-th
layer of the external wall, (m*h-Pa)/kg.

To determine the air permeability of an
external wall, information regarding the air
permeability coefficients of the materials used
is required, which can be referenced from the
regulatory literature.

There is currently no information on the air
permeability of facade systems using thin-walled
plaster. Therefore, in a laboratory accredited for
conducting thermotechnical tests at the Academy
of Civil Engineering and Architecture of Samara
State Technical University, the air permeability
values of the most common heat-insulating
materials were determined on an aerodynamic
platform developed by laboratory personnel. The
research results are presented in [6-11].

Tests of acryl and silicate surface finish layers
of facade systems have revealed the absence of
air permeability owing to their adhesive contents.
Therefore, external walls insulated with facade
systems of thin-walled plaster are essentially
impermeable.

In addition to tests conducted to determine
the air permeability of construction materials,
researchers at the Academy of Civil Engineering and
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Architecture of Samara State Technical University
conducted a thermovision study of the heat-
protective characteristics of external walls with
ventilated facades on a 25-storey building in Samara.

The thermal performance of the enclosing
structures of the building was determined in
accordance with the requirements of the standard
GOST 31937-2011 “Buildings and structures.
Rules for inspection and monitoring of technical
conditions.”

Here, we evaluate the effect of plaster layers
on the resistance to air permeability of external
walls with ventilated facades, as well as those
protected by facing bricks.

A 25-storey building with a warm attic located
in Samara is considered for the purposes of
illustration. The external walls of this building are
constructed with ceramic bricks using a cement—
sand mortar 380-mm thick. From the outside, they
are insulated with VENTI-BATTS basalt slabs 150-
mm thick, and are protected by an Izospan A-type
windproof membrane along with a ventilated
facade of ceramic granite slabs.

As usable plasters, we considered cement-
sand and lime-sand mortars and gypsum plaster
in the form of gypsum panels. According to SP
50.13330.2012, the above plasters have their air
permeability resistance values listed in Table 1.

The locations of the above materials in the ex-
ternal wall are shown in Fig. 1b. The heat trans-
fer resistance of the external wall surface, calcu-
lated according to the method presented in SP
50.13330.2012, is R} = 4,34 (m*°C)/W, and the re-
duced heat transfer resistance R = 3,47 (m*°C)/W,
which meets the regulatory requirements for resi-
dential buildings under construction in the Samara
region (R)" = 3,47 (m? - °C)/W).
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To determine the level of transverse air
infiltration required for resistance to heat transfer
of an unplastered external wall, we used Egs.
(1) and (2), the results of which are presented in
Table 2.

Analysis of the influence of longitudinal
infiltration on reducing the resistance to heat
transfer of the considered external wall using the
method described in [1], showed that for slabs
of basalt fiber with a density of 80-90 kg/m3, the
thermal effect coefficient of longitudinal filtration
is close to 1 for a fairly high density.

The calculation results presented in Table 2 re-
veal that when external walls are commissioned
without interior finishing, which is a frequent occur-
rence, the heat-protective characteristics (R}™),,, and
R, greatly contravene regulatory requirements.

Moreover, the greatest discrepancy occurs on the
lower floors.

In addition to the calculated data, the negative
influence of infiltration on the heat-protective
characteristics of enclosing structures is confirmed
by the results obtained by field inspections of
the external walls of high-rise buildings. Figure
2 shows a thermogram of the inner surface
of the external wall, which was obtained by a
thermovision study of the enclosing structures of
a fifth-floor residential apartment of a 25-storey
residential building. The interior finishing of the
external walls was plaster mortar, which does not
have the required resistance to air permeability.

A thermovision study of the inner surfaces of
the enclosing structures revealed the presence of low
temperature zones in the lower part of the external
wall. Low internal-air temperatures that did not meet
regulatory requirements were also recorded.

For the external wall of a residential building
to meet regulatory requirements, its inner surface
must be covered with plaster.

Table 1.
Heat-protective characteristics of finishing materials
S o Resistance
letshl.nig Density 1kn ;h)s’ state p,, & I;<ayer to air permeability R ,
materia g/m ickness, m (m>h-Pa)/kg
Cement—sand mortar 1800 0.02 497
Sand-lime mortar 1600 0.02 189
Gypsum panels (gypsum lath) 800 0.0125 25
Table 2.

Calculated resistance to air permeability of a high-rise building with a ventilated facade

Resistance
Floor |1 | AP G K Heat transfer resistance under to air E(;imeability, Difference of
number m, Pa, ke /n,12-h W /rn,2-° C the influence of2 1or1f11trat10n (RI™),,, (r.n Pa)/kg Ij;np_ R,
(m*°C)/W required | actual | (m*h-Pa)/kg
R R,
1 79 | 119 4.96 1.380 0.720 238.0 24 214.0
3 7311109 | 4.62 1.290 0.780 221.8 24 198.0
5 67 1102.8 | 4.28 1.197 0.835 205.6 24 181.6
7 61 | 94.7 3.95 1.107 0.903 189.4 24 165.0
9 55| 86.6 3.81 1.020 0.980 173.2 24 149.0
12 46 | 74.5 3.10 0.880 1.140 149.0 24 125.0
15 37 | 62.3 2.60 0.760 1.320 124.6 24 101.0
20 22| 421 1.75 0.553 1.810 84.2 24 60.0
25 7 1219 0.91 0.378 2.650 43.8 24 19.8
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Fig. 2. Thermogram of the inner surface of an external wall.
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Conclusions

1. Based on the analysis of the calculated data,
it can be concluded that the use of a cement-sand
mortar as a finishing layer enables all the floors of
a buildings to achieve the standard values required
for heat transfer resistance. Lime-sand mortar can
be recommended for the upper floors, starting
from floor five.

2. Gypsum panels should not be used in
buildings with a ventilated facade due to their low
air-permeability resistance.

REFERENCES

1. Gagarin V.G., Kozlov V.V., Sadchikov A.V. About
the effect of longitudinal air filtration on the heat protec-
tion of walls with a ventilated facade. Strojprofil” [Stroy-
profile], 2005, no.6, pp. 34-35. (In Russian)

2. Gagarin V.G., Kozlov V.V,, Sadchikov A.V., Meh-
netsov L.A. Longitudinal air filtration in modern enclos-
ing structures. AVOK [AVOK], 2005, no. 8, pp. 66-70. (In
Russian)

3. Gagarin V.G., Kozlov V.V,, Sadchikov A.V. Ac-
counting of longitudinal infiltration of air at assessing
the thermal wall protection of with a ventilated facade.
Promyshlennoe i grazhdanskoe stroitel’stvo [Industrial and
civil construction], 2005, no. 6, pp. 42-45. (In Russian)

4. Gagarin V.G., Gouvernyuk S.V., Kubenin A.S,,
Pastushkov P.P., Kozlov V.V. To the methodology for
calculating the influence of wind impact on the air con-
ditions of buildings. Izvestija vysshih uchebnyh zavedenij.
Tehnologija tekstil'noj promyshlennosti [News of Higher
Educational Institutions. The textile industry technolo-
gyl, 2016, no. 4, pp. 234-240 (In Russian)

5. Vychtikov Yu.S., Vychtikov A.Yu. Investigation
of the effect of longitudinal and transverse air infiltra-
tion on the heat-shielding characteristics the external

I'pagocrpouteancTso u apxutekrypa | 2020 | T. 10, Ne 1, c. 30-35.

walls of a production building insulated with a venti-
lated fagade. Povyshenie jenergojeffektivnosti zdanij i sooru-
zhenij [Improving the energy efficiency of buildings and
structures], Samara, 2008, no. 3, pp. 20-26. (In Russian)

6. Vytchikov Yu.S., Chereneva A.V. An experimen-
tal study of air permeability of sandless claydite-con-
crete. Stroitel nye materialy [Building Materials], 2011, no.
7, pp- 10-11. (In Russian)

7. Vytchikov Yu.S., Sidorova A.V. The organization
of air exchange in modern energy-efficient buildings.
Vestnik SGASU. Gradostroitel’stvo i arhitektura [Bulletin
of SGASU. Urban planning and architecture], Samara,
2014, no. 4, pp. 87-94. (In Russian)

8. Vytchikov Yu.S. Sidorova A.V. Experimental
study of enclosing structures in full-scale conditions.
Tradicii i innovacii v stroitel’stve i arhitekture: materialy 71-j
Vserossijskoj nauchno-tehnicheskoj konferencii po itogam NIR
2013 goda [Traditions and innovations in construction
and architecture: materials of the 71st All-Russian Scien-
tific and Technical Conference on the results of research
work of 2013], Samara, 2014, pp. 284-286. (In Russian)

9. Petrichenko M.R., Petrochenko M.V. Hydraulics
of free convection currents in enclosing structures with
an air gap. Inzhenerno-stroitel’nyj zhurnal [Engineering
and Construction Journal], 2011, no. 8, pp. 51-56. (In
Russian)

10. Korenkova S.F., Sidorenko Yu.V. Unfilled foam
concrete. Nauchnoe obozrenie [Scientific Review], 2014,
no. 4, pp. 106-107. (In Russian)

11. Pershina A.S., Korenkova S.F. The most import-
ant components of facade compositions. Tradicii i inno-
vacii v stroitel’stve i arhitekture: materialy 71-j Vserossijskoj
nauchno-tehnicheskoj konferencii po itogam NIR 2011 god
[Traditions and innovations in construction and archi-
tecture: materials of the 69th All-Russian Scientific and
Technical Conference on the results of research work in
2011], Samara, 2012, pp. 166-167. (In Russian)



Yu. s. Vytchikov, M. e. Saparev, A. b. Kostuganov

12. Pershina A.S., Korenkova S.F. Decorative na-
no-filled cement-polymer compositions for finishing
facades. Nanotehnologii v stroitel’stve: nauchnyj inter-
net-zhurnal [Nanotechnology in construction: a scientific
online journal], 2011, no. 4, pp. 36-46 (In Russian)

13. Umnyakova N.P., Verkhovsky A.A. Estimation
of air permeability of the building’s enclosing structures.
AVOK [AVOK], 2013, no. 5, pp. 48-53. (In Russian)

14. Umnyakova N.P. Thermal protection properties
of exploited hinged ventilated facade structures. ZHil-
ishchnoe stroitel’stvo [Housing construction], 2011, no. 2,
pp- 2-6. (In Russian)

15. Umnyakov P.N. Infiltration and exfiltration in-
fluence on the thermal protection of enclosing structures
with considering the porosity of materials. ZHilishchnoe
stroitel’stvo [Housing construction], 2014, no. 10, pp. 46-
50. (In Russian)

About the authors

VYTCHIKOV Yuri S.

PhD in Engineering Science, Professor of the Department
of Heat and Gas Supply and Ventilation

Samara State Technical University,

Academy of Civil Engineering and Architecture

443001, Russia, Samara, Molodogvardeyskaya str., 194
E-mail: git.2008@mail.ru

KOSTUGANOV Arman B.

post-graduate student of the Department of Heat

and Gas Supply and Ventilation

Samara State Technical University,

Academy of Civil Engineering and Architecture
443001, Russia, Samara, Molodogvardeyskaya str., 194
E-mail: _kostuganow@mail.ru

16. Maltsev A.V., Sorokin D.S. Energy saving in
multi-storey residential buildings with air infiltration
through the outer wall. Novyj universitet [New Universi-
ty], 2015, no. 3-4, pp. 87-90. (In Russian)

17. Valov V.M. Breathable enclosing structures in
a building system. Vestnik Sibirskoj gosudarstvennoj avto-
mobil no-dorozhnoj akademii [Bulletin of the Siberian State
Automobile and Highway Academy], 2011, no. 19, pp.
33-37. (In Russian)

18. Shubin LL., Ananiev A.I. Thermal protection
properties and air permeability of ceramic Isoterex
blocks in wall masonry. Promyshlennoe i grazhdanskoe
stroitel’stvo [Industrial and civil construction], 2013, no.
3, pp. 57-59. (In Russian)

19. Razumov N.N., Ushkov E.V., Shapovalov LS.
Resistance to heat transfer and winter design tempera-
tures for heating engineering, AVOK [AVOK], 2011, no.
5, pp. 78-81. (In Russian)

SAPAREV Mikhail E.

PhD in Engineering Science, Associate Professor

of the Department of Heat and Gas Supply and Ventilation
Samara State Technical University,

Academy of Civil Engineering and Architecture

443001, Russia, Samara, Molodogvardeyskaya str., 194
E-mail: msx072007@yandex.ru

For citation: Vytchikov Yu.S., Saparev M.Ye., Kostuganov A.B.. Investigation the Effect of Outdoor Air Infiltration
on the Heat-Shielding Characteristics the Outer Walls of High-Rise Buildings. Gradostroitel’stvo i arhitektura [Urban
Construction and Architecture], 2020, vol. 10, no. 1, pp. 30-35. (in Russian) DOI: 10.17673/Vestnik.2020.01.5.

I'pagocrpourteancTso u apxurektypa | 2020 | T. 10, Ne 1, c. 30-35.



