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3aoaua coxpawenus snepeonompedneHUss u 3ampam Ha SKCRIYAMAayuio 30aHUl U COOPYICEHUI S6TIAemcst NPeono-
CHLIKOU 07151 pazpabomKu dHepeochepecaowux mexnono2ui u mamepuanos. Iosviwenue snepeodgpexmusHocmu doc-
Mu2aemcs npu yMenbueHuy nomeps menia Hepes o2paxcoaiowue konempykyuu. TexHono2us npouzeoocmea 0pesecho-
YEMEHMHBIX KOMNOZUYUOHHBIX MAMEPUANO8 umMeen OOIbUOe SHAYCHUEC C UHICCHEPHOU MOYKU 3PEHUs, A MAKIHCe KaK
MEXHONO2USL YMULUAYUU OPEBECHBIX OMX0008, UMEIOWAs. IKOIOSULECKYIO NPUBLEKAMEenbHOCMb. B xo0e ucciedosanuil
ONPedensIUCh YOeabHble NOMePU MENa 4epes 02Paicoaiowyio KOHCMPYKYUIO U MepMULEcKoe CONPOMUBIEHUE 02Padic-
oaioweti KOHCMPYKyuu U3 Opeeecho-yYeMeHmHo20 KOMROZUMA 8 8U0e ONUIKOOEMOona U apOoauma, a makice 6IUsHUe Ha
nokasamenu meniogou dPHEKMuUGHOCMU HATUHUSL 8 MACCUBE CIEHbL U30TUPOSAHHBIX BO30YUHBIX ROIOCMEl U BKII0Ye-
HUTL U3 9KCMPY3UOHHO20 NeHonoaucmupona. Hcciedosanue npogoouniocs ¢ npuMeHenuem npospammuozo nakema Elcut.
Tonyuennvie genuuunbl yOSTbHbIX NOMEPL MENIOMbl PACHemHOL KoHCmpyKyuu cocmagnsiom om 19,5 do 51 Bm/(m’
-°C), senuuuna conpomuenenus menjionepedaue ozpadxcoaioweti koncmpykyuu 1,07 0o 2,9 (m’ -°C)/Bm  noxazamenu
3a6ucam om YCcio8uil IKCALYAMAayuy U 6aPUAHMA UCHOTHEHUs (YelbHOe MeN0 KOHCMPYKYUL, 8030YUHbLe ROTOCHU TUOO
6CMABKU U3 IKCMPYZUOHHO20 NeHonoaucmupona). Ilonyuennvle pezyibmamsl Mocym Obimb UCHOAb30BAHBL NPU NPOEK-
MUPOBAHUU U IKCIILYAMAYUU CIPOUINETILHBIX KOHCIPYKYUL.
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The task of reducing energy consumption and operating costs of buildings and structures is a prerequisite for the
development of energy-saving technologies and materials. Increased energy efficiency is achieved by reducing heat loss
through envelope structures. The technology for the production of wood-cement composite materials is of great impor-
tance from an engineering point of view, as well as a technology for the disposal of wood waste, which has environ-
mental attractiveness. In the course of the research, the specific heat losses through the envelope structure and the
thermal resistance of the envelope structure made of wood-cement composite in the form of sawdust concrete and arbo-
lite were determined, as well as the influence on the thermal efficiency of the presence of isolated air cavities and inclu-
sions from extruded polystyrene foam in the wall massif. The study was carried out using the Elcut software package.
The obtained values of the specific heat losses of the design structure are from 19.5 to 51 W/ (m’ - ° C), the value of the
heat transfer resistance of the envelope structure is 1.07 to 2.9 (m* - ° C) / W, the indicators depend on the operating
conditions and version (one-piece body of the structure, air cavities or inserts from extruded polystyrene foam). The
results obtained can be used in the design and operation of building structures.

Keywords: wood-cement composition, wood concrete, sawdust concrete, specific heat loss, resistance to heat trans-
fer, experiment, thermal efficiency.

INTRODUCTION residential and industrial buildings. Rational energy con-
Industrial and civil construction consumes significant  sumption is achieved through the use of modern materials
amounts of building structural and thermal insulation ma-  and implementation of highly efficient structural solutions
terials. The growing cost of energy carriers acutely raises  at the stage of design, construction and subsequent opera-
the issue of reducing energy consumption for heating of  tion of buildings and structures [1; 2]. In the conditions of
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sharply continental climate of Eastern Siberia with ex-
tremely low temperatures in winter, the walls of buildings
and structures should ensure heat preservation in the
building, and in summer time — to insulate rooms from
penetration of high temperatures. Providing high thermal
insulation values of external walls increases the tempera-
ture of their inner surface. This improves the sanitary
condition of the object, improves the microclimate. When
the indoor temperature is +20 °C, the temperature of the
wall surface should be at least +19 °C, and in the corners
of the exterior walls — 1415 °C, so even if the air humid-
ity increases, no condensation will form on the walls. In
addition to increasing the comfort of the object and im-
proving its microclimate, there is a real economic effi-
ciency from reducing the cost of electricity and heat re-
quired for heating construction objects [3].

The aim of the research is to determine the thermal
resistance of the envelope structure made of wood-cement
composite (WCC)

To achieve the goal the following tasks should be
solved:

— to analyze the methods of determining the thermal
resistance of the envelope from wood-cement composite
(WCC);

— to determine by methods of simulation modeling the
thermal resistance of the envelope of WCC;

— to study the influence of air cavities in the body of
the building envelope on the thermal resistance indicators

MATERIALS AND METHODS

RESEARCH

The reduced resistance to heat transfer of the external
building envelope is the main heat-protective characteris-
tic of the external envelope, the calculation of which is
based on the area-averaged density of the heat flux pass-
ing through the envelope in the design conditions of op-
eration.

Considering the performance indicators of thermal in-
sulation of walls made of different materials should be
based on the requirements of certain regulatory docu-
ments. Determination of thermal conductivity of materials
is carried out in accordance with GOST 7076-99 [4]. The
essence of the method is to create a stationary heat flux
passing through a flat sample of a certain thickness and
directed perpendicular to the front (largest) edges of the
sample, measuring the density of this heat flux and the
temperature of the opposite face edges.

Determination of heat transfer resistance of envelope
structures is performed according to GOST R 54853—
2011 [5]. The standard normalizes the method of deter-
mining the heat transfer resistance on the basis of creating
conditions of stationary heat exchange in the envelope
and measuring the temperatures of indoor and outdoor air,
the temperature of the surfaces of the envelope, as well as
the density of the heat flux passing through it.

These methods have certain inconveniences and limi-
tations, such as the need for an expensive heat chamber,
the duration of the observation process, the need to install
and mount the structure, block or masonry to be tested,
the difficulty of obtaining a steady-state heat flux in real
conditions, influence of local inhomogeneities, limited
number of measuring sensors.

To determine the thermal efficiency indicators in the
research process, the Elcut software product was used, the
principle of which is based on the finite element method.

The object of the study was to determine the thermal
efficiency of the envelope structure of two variants of
wood-cement composites. The first variant was sawdust
concrete, the second — arbolite, made on the basis of wood
chips — crushed wood. Calculation of the reduced resis-
tance to heat transfer is based on the representation of a
fragment of the thermal envelope as a set of independent
elements, each of which affects the heat losses through
the fragment. Specific heat losses due to each element are
based on a comparison of the heat flow through the node
containing the element and through the same node with-
out the element under study.

The normative document [6] describes a method of
determining the reduced heat transfer resistance of the
building envelope based on the calculation of temperature
fields using computer programs.

Calculation of specific heat losses through the ele-
ments of the envelope contains the following parts:

— element scheme;

— temperature field;

— outdoor and indoor air temperatures assumed in the
calculation of the temperature field;

— minimum temperature of the internal surface of the
structure and heat flow through the node.

The heat transfer coefficient of the homogeneous i-th
part of the fragment of the building envelope (specific
heat loss through the i-th flat element), Ui, is determined
by the formula

— BT/(M2~CO), (1)

where R is the conditional resistance to heat transfer

of the i-th element, (m*-°C) / W. It is determined by the
formula

Riyc“ =L+ZRS +L’

» - (v*-C%)/Br, ()

si se

where Rs is the thermal resistance of the homogeneous
part of the fragment, (m*-°C) / W; o is the heat transfer

coefficient of the inner surface of the envelope,
W / (m*°C); a,, is the heat transfer coefficient of the

outer surface of the envelope, W/(m?-°C),

R ==, 3)

where A is the heat conductivity coefficient of the mate-
rial, W/(m2~°C); d, is the thickness of the material layer,

m.
Then it is necessary to check the fulfillment of the
condition

Rs 2 RHOpM ’ (4)

where R is the standardized value of the reduced heat

HOPM

transfer resistance of the envelope, (m” -°C) / W.
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To determine the thermal protection indicators, a
thermal calculation was performed according to the re-
quirements of SP 50.13330.2012. The value of the re-
duced resistance to heat transfer was estimated. The enve-
lope structure made of WCC was modeled in the Elcut
system. Then the structure was divided into a finite ele-
ment mesh and the steady-state heat flow through the en-
velope was calculated.

The program determined the heat flow through a cer-
tain cross-section using thermal fields [7]. Mathematical
modeling of the envelope and its thermal regime was
based on certain boundary conditions, which were:

— Indoor air temperature with walls made of WCC ac-
cording to GOST 30494-2011, t;,, =20 °C [8].

— Outdoor air temperature according to SP
50.13330.2012, t. =35 °C [6].

— Heat transfer coefficient of the wall surface (internal)
according to SP 50.13330.2012, a; = 8.7 W/(m?*-°C) [6].

— Heat transfer coefficient of the wall surface (external)
according to SP 50.13330.2012, o, =23 W/(m?-°C) [6].

The object of modeling was a fragment of the enve-
lope structure, the dimensions of which are shown in

Fig. 1. The heat flow was directed normal to the surface
and crossed a 40 cm thick layer of material.

In the first variant it is a full-body construction.
Wood-cement composite in two variants (sawdust con-
crete and arbolite) was taken as a design material. Indica-
tors of density, thermal conductivity of materials deter-
mined in the course of previous works are presented in
Table 1. Operating conditions of envelope structures for
the Krasnoyarsk region can be taken as A or B depending
on the humidity regime of the rooms and moisture zones
of the construction area.

The thermal resistance of the insulated air layer
with dimensions of 10x30 cm can be assumed to be
R = 0.16 m* °C/W. The calculated coefficient of thermal
conductivity is 0.26 W/(m °C) [9]. In the second variant,
insulated air cavities of a certain size are made in the
body of the structure. In the third variant these cavities are
filled with an effective heat insulator (extrusion polysty-
rene foam), R = 0,033 m® °C/W [10]. The thermal con-
ductivity values of wood-cement composites have been
determined previously [11].

Fig. 1. Geometric dimensions of the wood-cement composite envelope structure

Table 1
Thermal conductivity coefficient

Material Density kg/m’ Thermal conductivity coefficient W/(m °C)
In dry condition Operating conditions
A B

WCC sawdust concrete 880 0,25 0,41 0,63
WCC arbolite 670 0,18 0,33 0,53
Extrusion polystyrene foam 40 — 0,033 —
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Fig. 2. Value of thermal conductivity coefficient of WCC (sawdust concrete on the left, arbolite on the right)
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Fig. 3. Base reference points and nodes, finite element mesh partitioning of the design body in the Elcut program
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Fig. 4. Thermal fields and temperatures of the design body in the Elcut program
(solid WCC body on the left, filled cavities with extrusion polystyrene foam on the right)

RESULTS AND DISCUSSION

Table 2 shows the calculations of specific heat losses
and the obtained values of heat transfer resistance for dif-
ferent operating modes of the structure.

The obtained values of specific heat losses of the de-
sign structure are from 19.5 to 51 W / (m* - °C), the value
of heat transfer resistance of the envelope structure is 1.07
to 2.9 (m” - °C) / W, the values depend on the operating
conditions and the version of execution (solid body of the
structure, air cavities or inserts from XPS foam).

The normative value of heat transfer resistance of the
envelope for the climatic conditions of Krasnoyarsk ac-
cording to the requirements [6] is R = 3.6 (m” - °C) / W.
Thus, it turns out that even the wall of wood-cement
composite in the form of arbolite with a density of 670
kg/m® 400 mm thick with inserts of extruded polystyrene
foam, which has in the most favorable conditions (dry
state) R = 2.9 (m” - °C) / W, does not meet the require-
ments of the normative document. That is, to meet the
existing regulatory requirements requires a multi-layer
construction with high-performance insulation. The real
experience of individual builders shows a somewhat dif-
ferent picture. Usually, the thickness of the building enve-
lope is assumed to be equal to double the cross-section of
the most common masonry block with the size of

0.4%0.2x0.2 m. In the best case we have a massive wall
with a thickness of 40 cm. The experience of living and the
value of heating costs of houses with walls made of wood-
cement composite, even in the absence of thermo-efficient
inserts or insulated air cavities in the wall construction,
shows that such a construction has the right to exist and
heating costs do not exceed critical values [12; 13].

High thermal efficiency indicators (with an energy
saving coefficient value of 3 or more) inevitably require
comprehensive justification because of the need to use
expensive effective thermal insulation of sufficient thick-
ness. In this case, it is important to fulfill the condition
according to which the service life of effective insulation
materials will exceed their payback period. Consequently,
there are prerequisites to consider the normative values of
thermal efficiency coefficients somewhat overestimated,
which is in good agreement with the research data [14].

CONCLUSION

1. Methods of determining the thermal resistance of the
envelope structure from wood-cement composite, provided
by the requirements of GOST 707699, GOST R 54853—
2011 are very labor-intensive and have significant drawbacks.

2. Modern methods of simulation modeling and finite
element method allows us to analytically determine the

633



Jonmatos C. H., Konecaukos I1. I'. UccnenoBanue TermnoBoi 3 (HeKTHBHOCTH OTPaXKAAIOIINX KOHCTPYKIHUH ...

thermal resistance values of the envelope structure made of
wood-cement composite. The obtained values of specific
heat losses of the design structure are: (for average operat-
ing conditions) 36.3 W / (m®> - °C) for WCC arbolite,
4437 W / (m? - °C) for WCC sawdust concrete, the value
of resistance to heat transfer of the envelope structure for
WCC arbolite is 1.52 (m” - °C) / W, for WCC sawdust con-
crete it is 1.25 (m* - °C) / W.

3. When placing in the body of the building envelope
insulated air cavities indicators of thermal resistance of the
building envelope increases: (for average operating condi-
tions) 34.1 W/ (m’ - © C) for WCC arbolite, 38.8 W / (m’ - °C)
for WCC sawdust concrete, the value of heat transfer resis-
tance of the building envelope for WCC arbolite is 1.61
(m* - °C) / W, for WCC sawdust concrete it is 1.41

(m® - °C) / W. Under the condition of replacing the volume
of these cavities with high-performance thermal insulator in
the form of extrusion polystyrene foam thermal resistance
indicators increase significantly to the levels of 19.5 W /
(m* - °C) for WCC arbolite, 20.35 W / (m® - °C) for WCC
sawdust concrete, the value of heat transfer resistance of
the building envelope in this case for WCC arbolite is 2.82
(m? - °C)/W, 2.7 (m* - °C) / W for WCC sawdust concrete.

The increase in the thermal efficiency of the structure
with the introduction of XPS foam inserts into its array is:
for arbolite 167 %, for sawdust concrete 192 %. Wall struc-
tures made of sawdust concrete, which has a higher density
than arbolite, it is advisable to equip with inserts made of
highly efficient thermal insulation material — extrusion pol-
ystyrene foam.

Table 2
Calculation results
Type of wood-cement Density Specific heat losses Calculated value of the heat transfer
composite kg/m’ Q, W/ (m*- °C) resistance of the envelope structure R,
(m*-°C)/ W
In dry Operating In dry Operating
condition conditions condition conditions
A B A b
Sawdust concrete 42,1 44,37 51,3 1,31 1,25 1,07
Sawdust concrete with air cavities 880 36,4 38,8 4325 1,52 1,41 1,27
Sawdust concrete with XPS foam inserts 20,21 20,35 22,4 2,72 2,7 2,45
Arbolite 34,23 36,3 38,8 1,61 1,52 1,41
Arbolite with air cavities 670 31,12 34,1 39,6 1,77 1,61 1,37
Arbolite with XPS foam inserts 18,67 19,5 20,1 2.9 2,82 2,73
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