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Abstract: High air permeability and the presence of thermal bridges at the junctions of wooden frame wall panels
have a significant impact on the thermal balance of the building and its operational characteristics. The importance
of improving the energy efficiency of nodal interfaces of panels with a wooden frame is undeniable.

To date, there is no single generally accepted method for calculating heat losses through nodal interfaces of panels
with a wooden frame. Based on the analysis carried out, it is necessary to carry out calculations and measurements
that allow creating this calculation methodology. To carry out numerical studies, a list of characteristics and
parameters affecting their conduct is formulated: the influence of the thickness of a li-ear-discrete inclusion on the
heat-protective properties of the panel docking unit; the thermal conductivity characteristics of the material used to
fill linear-discrete inclusions affecting the heat flux density of the node interface; consideration of the influence of
the outdoor temperature of air depending on different climatic zones on the density of heat flow. The dependences of
the heat flux density on the "inner" surface of the experimental samples on the thermal conductivity coefficient of the
material of the insulating insert, the width of the insulating insert and the outside air temperature were revealed and
the nature of the temperature distribution on the "inner" surface of the prototypes was established. By calculating
two-dimensional temperature fields in the cross section of the node, isofields of temperature distribution inside the
structure, isofields of heat flux density and its direction, lines of temperature distribution and heat flux density along
the inner and outer surfaces are obtained. It was found that the heat flux density in the ribs with heat-insulating
inclusions is lower in comparison with solid wood parts by an amount from 13% to 52%.

Keywords: thermal engineering calculation, wooden panels, nodal interfaces, thermal conductivity,
energy efficiency, thermal insulation dissections, specific losses, temperature, air permeability, thermal bridge,
thermophysical parameters, temperature fields
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Abstract: Boicokast BO31yXONpOHUIIAEMOCTh U HaJIMYME TEIJIOBBIX MOCTOB B MECTaX COCAMHEHUH JEepEeBSHHBIX
KapKaCHBIX CTCHOBBIX IMAHEJCH OKa3bIBACT 3HAYMTCIHHOC BIMSHUAC HAa TCIUIOBON OajaHC 3JaHUS U €ro
JKCIUTyaTallMOHHBIC XapPaKTePUCTUKU. BakHOCTh TOBBIMICHHUS SHEProd(PEKTUBHOCTU Y3JIOBBIX COIPSKCHUMA
MaHeNeH C JCPeBSIHHBIM KapKacoM HeocmopuMa. Ha CerofHsmHui IeHb CIWHOW OOUICTIPHHATOW METOIUKU
pacdueTa TEIUIOBBIX TIOTEPh Yepe3 Y3JIOBBIC COMPSDKCHUS IMaHENeH C JepPeBSHHBIM KapKacoM HE CYIIECTBYET.
Vcxonss w3 TPOBEACHHOTO aHajM3a, HEOOXOMUMO TIPOBECTH PACYCTH M W3MEPEHHs, IMO3BOJIIIOIIAE CO3/aTh
MAHHYI0 METOOWKY pacueTa. J[Is TpoBEeOeHHWsS UWCIEHHBIX WCCIEIOBaHUN CGHOPMYIHPOBAaH MEPEYCHb
XapaKTEepUCTHK M TapaMeTpOB, BIMAIONIMX HA WX TPOBEICHWE: BIHMSHHAC TOJIIUHBI JTHHEHHO-IUCKPETHOTO
BKITIOYCHUS HA TEIUIO3AIIWUTHBIC CBOMCTBAa y371a CTHIKOBKM MAHEJCH; XapaKTePUCTHKH TETUIONPOBOTHOCTH
Matepuajia, NMpUMEHACMOTO JIs 3allOJIHCHUA J'II/IHeI‘/’IHO-JII/ICerTHBIX BKJ'IIO‘IGHI/II‘/’I, BIIUAOIINX Ha IINIOTHOCTbH
TCIJIOBOT'O IMOTOKA Y3JIOBOI'O COIPSKCHUA; YUCT BJIIMAHUA TEMIICPATYpPbl HAPYKHOT'O BO3AyXa B 3aBUCUMOCTHU
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Pa3NAYHBIX KIUMATHYECKUX 30H Ha IUIOTHOCTh TEIUIOBOTO ITOTOKA. BBIABICHBI 3aBUCHMOCTH IUIOTHOCTH
TEIUIOBOTO TIOTOKA HA «BHYTPECHHEID MOBEPXHOCTH OMBITHBIX 00Pa3IoB OT K0A((HUIMEHTa TEIUIOIPOBOAHOCTH
MaTepralia TEIUIOM30IHPYIOIeH BCTaBKH, MIHPHUHBI TEIUIOM30IHUPYIONMICH BCTaBKH M TEMIIEPATYPhl HApy>KHOTO
BO3AyXa U YCTAHOBUTH XapaKTep paclpeieieHUs TeMIlepaTypbl Ha «BHYTPEHHEH» IMOBEPXHOCTH OIBITHBIX
00pasmos. [TyTém pacuéra IByXMEpHBIX TEMIEPaTyPHBIX MOJICH B MOTIEPEUHOM CEUCHHUH Y3714 TOTYIEeHBI H30II0IISA

pacrpenieneHusl TeMIIepaTypsl

BHYTPH KOHCTPYKIIUH,

H30II0JI  INIOTHOCTH TCIDIOBOI'O IIOTOKa M €TI0

HAIMPaBICHHOCTH, JTHHUU PACTIPEACICHUS TEMIEPaTyphl W IUIOTHOCTH TEIUIOBOTO IMOTOKA MO BHYTPEHHEH H
Hapy>KHOH MOBEPXHOCTSM. YCTaHOBJIECHO, YTO IUIOTHOCTh TEIUIOBOTO MOTOKA B PEOpax C TEIMIOU30IUPYIOMNMI
BKJTFOUCHUSMU MEHBIIIE ITO0 CPABHEHHIO C [ETbHOACPEBSIHHBIMU JCTASIMU Ha BemudauHy oT 13% mo 52%.

KiroueBblie cj10Ba: TEIUIOTEXHUYECKUH PACUET, IEPEBSIHHBIC TAHEH, Y3JI0BbIE CONPSKEHUS,
TEIUIONIPOBOIHOCTD, 3HEPro3(h(heKTHBHOCTH, TETUIOM30JINPYIOIINE PACCEUKH, YACIbHBIC TOTEPH, TEMITEPaTypa,
BO3/1yXOIIPOHUIIAEMOCTb, TEINIOBOH MOCT, TEIUIO(U3NIECKIE TapaMeTphl, TEMITEPATYPHBIE TTOJIS

INTRODUCTION

Wood, as a structural material, has unsurpassed
properties, being a natural renewable resource.
The processability of processing, accessibility,
high physical and mechanical properties,
environmental friendliness make it possible to
effectively use wood in various areas of the
construction industry.

The issues of static modeling of heat transfer for
thermal bridges of buildings are considered in [1-
3], it is concluded that the proposed approach
demonstrates a significant improvement over
traditional modeling results. The dynamic
calculation of heat fluxes considered in [4, 5] is
analyzed over time to determine the step and for
given boundary conditions: a sinusoidal change
in internal temperature and a sharp or more
realistic change in external temperature.
Numerical characteristics of bridges are shown in
[6], in particular, the method of infrared
thermography, which is used to visualize thermal
bridges, is presented for the first time, as well as
a genuine additional experimental method that
allows us to determine the quantitative aspects of
heat loss through the shell. The authors of the
article [7] model thermal bridges in three
different approaches. Energy efficiency and
thermal characteristics were studied in [8, 9],
they proved that an accurate assessment of the
availability and energy efficiency of buildings
depends on the degree of use of the main
components. Various methods of reducing the
influence of thermal bridges are given in [10-12].
Heat transmission through the wall enclosure is

Volume 20, Issue 1, 2024

considered in [13, 14] the heat transfer
coefficient (U-value) of three LSF walls with
different configurations is established, which is
investigated on the basis of four different
approaches: experimental laboratory
measurements based on the thermal flowmeter
method (HFM); 3D modeling by the finite
element method (FEM) using the ANSYS
software CFX ® ; 2D modeling based on FEM
modeling using THERM software; analytical
estimates based on the ISO 6946 procedure for
constructing components with heterogeneous
layers. The effect of connectors on the thermal
characteristics of walls was considered in [15,
16], it was found that the increased distance and
reduced length of connectors led to an
improvement in thermal characteristics, which
additionally indicated the need to study the effect
of connectors on thermal characteristics. The life
cycle assessment and thermal characteristics are
given in [17, 18], the behavior of the wall plate
during bending with various geometric
parameters was experimentally investigated and
a numerical model was created to study the
thermal characteristics of the wall plate. Issues of
improving thermal bridges in articles [19, 20],
maps of temperature distribution in walls, their
components and areas where walls intersect with
other building structures were developed. These
maps were used as an auxiliary tool for
estimating the areas of zones affected by existing
thermal bridges and for calculating R-values for
these areas. New methods for predicting heat
flows over a thermal bridge are discussed in [21,
22], studies show that existing approaches to
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implementing the effect of thermal bridges do not
correspond to the progress made in thermal
insulation requirements, and the corresponding
structure should be updated to better support
efforts to achieve more rational and accurate
results. Laboratory and full-scale non-destructive
methods for assessing heat transmission in works
[23, 24], in particular, the influence of the
location of thermal insulation on its effectiveness
in LSF facade walls is evaluated. For this
purpose, several types of LSF walls are
evaluated, namely cold, warm and hybrid
construction. The influence of thermal bridges
created by steel studs on the overall thermal
characteristics of LSF walls is also evaluated.
Calculations are performed using specialized
finite element software (THERM). The
prediction of heat transmission is given in [25,
26]. Evaluation of the effectiveness of thermal
rupture strips in external walls is given in [27] it
is proved that it is more effective to increase the
thickness of thermal rupture strips (TBS) than
their width. The energy characteristics of fire-
resistant walls are shown in [28, 29]. A
measurement method for quantifying the heat
transmission coefficient is presented in [30], a
new active method for determining the
characteristics of a thermal bridge in situ is
proposed. It generalizes the measurement of the
thermal resistance of a homogeneous wall.
Numerical studies of composite structures are
considered in papers [31...33]. Studies of the
work of composite structures in frame wooden
buildings were carried out in [34...36].
Engineering calculations of composite structures
are considered in works [37...39], properties of
composite materials in work 40.

Numerical studies were carried out in the Heat2D
program by calculating two-dimensional
temperature fields in the cross section of the
node. The aim of the numerical studies was to
evaluate the thermal properties of the nodal joint
depending on the variable parameters. The
calculations performed were preceded by a full-
scale experiment and were carried out in the
volume planned in the combination square.
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The study was carried out in order to analyze the
theoretical (calculated values) and practical
(measured values) analysis of thermal bridges.
From the point of view of thermal conductivity,
the paired rack formed by the joint of two panels
is a linear heterogeneity of the panel material.
When calculating the reduced resistance to heat
transfer , it is necessary to take into account the
influence of thermal bridges according to the
formula:

Rred — 1
S (1)
W*‘Zlﬂpj + X Mk
0
_ 1
YU + XL + X
where, REY - is the area-averaged conditional

resistance to heat transfer of a fragment of a heat—
protective shell of a building or a dedicated
enclosing structure, m? °S/W;

l; — is the extent of linear inhomogeneity of the j-
th type per 1 m? of a fragment of a heat-protective
shell of a building, or a dedicated enclosing
structure, m/m?;

y; — specific heat losses due to linear
inhomogeneity of the j type, W/(m-oS);

ny — the number of point inhomogeneities of the
k- type per 1 m* of a fragment of the heat-
shielding shell of a building, or a dedicated
enclosing structure, pcs/m?;

Xk — specific heat losses due to point
heterogeneity of the k type, W/°S;

a; — the area of a flat structural element of the i —
type, per 1 m? of a fragment of the heat-shielding
shell of a building, or a dedicated enclosing
structure, m?/m?.

Aj

Q; = —
L34

2)
where A; - is the area of the i-th part of the
fragment, m?;

U; - is the heat transfer coefficient of the
homogeneous i-th part of the fragment of the heat
shield of the building (specific heat loss through
a flat element of the i-th type), W /(m - ° C).
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The essence of heat losses is taken into account
in EN ISO 14683 "Thermal insulation of
buildings" and is calculated by the linear heat
transfer coefficient ¥ [W/mxK] of the thermal
bridge, which is obtained from the numerical
determination of the two-dimensional coefficient
of thermal coupling L?? (i.e., the total heat flow
through the component per linear meter divided
by the temperature difference) of the component
separating the two media under consideration.
The linear thermal coupling of the frame -wall
coupling coefficient i is obtained from the
equation:

=12 =3 U,

4)
where L?P - is the two-dimensional coefficient of
thermal coupling, W/(m*K);

Uj- 1s the heat transfer coefficient of a one-

dimensional element j, W/(m?*K);

I; - is the length of a one-dimensional element j, m.
When calculating the energy balance, thermal
bridges can be considered standard. Buildings
with high thermal protection, taking into account
an increase in the heat transfer coefficient by 5%.
Buildings with low thermal protection are a 10%
increase in the heat transfer coefficient. If we
want to calculate the energy demand for heating
a building with almost zero energy consumption,
it is necessary to specify each cold bridge.

Based on the review of regulatory
documentation, it can be concluded that there is
no method for calculating energy-efficient nodal
interfaces of panels with a wooden frame. In this
regard, the development of a method for
calculating energy-efficient node interfaces of
panels with a wooden frame is relevant.

The purpose of the work is to identify the
calculated dependences of the heat flux density
and to establish the nature of the temperature
distribution on the inner and outer surfaces of the
joint of wall panels, depending on variable
factors: the thermal conductivity coefficient of
the material of the insulating insert, the width of
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the insulating insert and the outdoor temperature.
The object of the study is the joints of the
interface of wall wooden panels.

The subject of the study is the calculation of the
energy parameters of the joints of wall panels.

METHODS

The Heat2D program uses a kind of finite-
difference method - the control volume method
to obtain a discrete analog of a stationary two-
dimensional thermal conductivity problem. In
this method, the calculated area is represented by
the union of disjoint control volumes, each of
which contains one nodal (calculated) point. To
obtain a discrete analog, the differential equation
of thermal conductivity is integrated for each
control volume.
The resulting system of linear algebraic
equations is solved by the method of exclusion of
unknowns (Gauss method). Let's consider the
main components of the method.
The process of two - dimensional heat transfer in
a solid is described by the differential equation:
(0%t/ 0x* + 0%t/ dy?) = Q (5)
where Q is the source/heat drain, W/m?.
The studied area of the two-dimensional section
of the structure is divided into elementary
platforms - rectangles so that each rectangle
consists of one material. The center of each
rectangle is taken as a node of the thermal grid.
Thus, each grid node is surrounded by four
neighboring ones, with which it is connected by
thermal resistances equal to the resistances
between the centers of the corresponding
rectangles. The temperature at each node is the
average temperature of an elementary rectangle.
So, in general terms, the area under study is
replaced by its discrete analog, called a thermal
grid, each node of which corresponds to a certain
rectangle, and the thermal resistance to the
interstitial connection.
Each node must maintain a balance of heat
(energy), which is expressed by the
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corresponding algebraic equation linking the heat
flows coming into and out of the node. This
equation can be obtained by integrating (5) over
an elementary rectangle. As a result , we obtain
the equation:

to(Ko1 + Koz + Koz +Kos) — t1Ko1 —
t.Ko2 — t3Kp3 — t4Kos = qAxAy (6)
Heat2D program, a system of linear algebraic
equations is solved by an economical method of
eliminating unknowns (the Gauss method) using
a matrix system of equations with double
precision inside the machine representation of
numbers.

When calculating an axisymmetric temperature
field, which is characterized by the fact that the
temperature field does not change when the area
under study is rotated around the vertical axis of
symmetry OZ, the following differential
equation is solved:

(A/r) d(rat/ ar)/ dr + Ad%*t/ 3z = 0 (7)
where 1 is the distance from the axis of symmetry
OZ.

So, if the axis of symmetry is to the left of a
rectangle with a central node 0, then the
resistance between points 1 and 0 can be
expressed as follows:

Rio = (In(r/r1) + In(ro/r))/(A8y)  (8)
where rg, ry Ur =71, + Ax/2 are the distances
of the corresponding points to the axis of
symmetry.

The scheme of finite-difference sampling of the
node connection is shown in Figure 1.

Material

. slywood
4 2
. wood, pine

| mineral wool

1

Figure 1. Scheme of finite-difference sampling
of a node connection
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where Ky, Koz, Kg3, Ko4 - are the conductivities
of the interstitial connections of the grid.

In equation (6), the temperature t 0 of the central
node is expressed in terms of the temperatures of
neighboring nodes, whose values (if they are not
located on the border) are also unknown. To find
the temperature at any node, it is necessary to
make equations of type (6) for each node and
solve the resulting system of equations. In the
When implementing the numerical calculation, 12
types of wall panel joints were investigated [31-34].
The first letter of the marking is the type of joint (D
— solid wood joint, T - joint with heat-insulating
inclusion); the second digit is the value of negative
outdoor temperature (-5, -20, -35 © C); the third letter
is the filling of the heat-insulating insert (V — air; E
— extruded polystyrene foam; P — penofol); the last
the figure is the width of the thermal insulation insert
(5, 15 or 25 mm). An example of decoding the T-
35-E-5 joint is a joint with a heat-insulating
inclusion; the value of the negative outdoor
temperature is 35 © C; the filling of the thermal
insulation insert is E — extruded polystyrene foam;
the width of the thermal insulation insert is 5 mm.

RESULTS AND DISCUSSION

According to the results of calculations of
thermal fields in the Heat2D program, isofields
of temperature distribution inside the structure,
isofields of heat flux density and its direction,
lines of temperature distribution and heat flux
density along the "inner" surface are obtained.
The program also calculated the value of specific
heat loss through linear thermal heterogeneity
(wooden joint ribs), which directly takes into
account heat loss in the junction when calculating
the reduced heat transfer resistance.

As an example, the results of calculations of the
joint of the T-35-E-5 panel in the software
package are given. Figure 2 shows a finite
element model of the junction of panels and an
isofield of temperature distribution and heat
flow. Figure 3 shows graphs of temperature and
heat flow distribution, and Figure 4 shows 3-D
graphs of their distribution.

International Journal for Computational Civil and Structural Engineering



Computer Modeling of Energy-Efficient Joints of Wood Composite Panels

Figure 2. Results of calculation of panel joints in the software package: a) finite element model of
panel junction; b) isolines of temperature distribution over the section of the structure, c) isolines
of heat flow distribution over the section of the structure

Figure 3. Distribution charts: a), b) temperatures on the inner surface on the outer surface of the
structure; c), d) by the cross section of the panels and by the cross section of the panels in the
docking node; f), g) heat flow on the inner surface on the outer surface of the structure

a) b)
Figure 4. 3-D distribution graphs on the inner surface of the structure: a) temperatures, b) heat flow
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T-20-P-5;35.0

T-5-P-15;19.0

T-35-E-5;42.0

T-20-E-15;25.0
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D-35; 60.0
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Maximum heat flux density, W/m2
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T-35-V-15;0.074
T-20-V-25;0.064
T-5-V-5;0.088
T-35-P-25;0.055

T-20-P-5;0.083
T-5-P-15;0.067
T-35-E-5;0.069
T-20-E-15;0.047
T-5-E-25;0.035

D-35;0.100
D-20;0.100
D-5;0.100
0.000 0.020 0.040 0.060 0.080 0.100 0.120
Specific heat loss, W/(m-0S)

¢)

The shape of the graphs of the distribution of heat
flux density and temperature along the inner face
of the junction is the same for all variable
parameters and differs only in peak values. The
results of the numerical study are shown in the
histograms of Figure 5.

T-35-V-15;15.3
T-20-V-25;17.1
T-5-V-5;17.4
T-35-P-25;15.1
T-20-P-5;15.3
T-5-P-15;17.5
T-35-E-5;15.3
T-20-E-15;16.6

D-35;12.1

D-20;14.3

0.0 50 10.0 15.0 20.0
Minimum temperature on the inner surface, °C

Figure 5. Results of numerical research:
a) Maximum heat flux density, W/m?;
b) Minimum temperature on the inner surface,
°C; c) Specific heat loss, W/(m-0S)

Numerical values of the heat flux density, as well
as the temperature on the inner surface of the
enclosing structure for various combinations of
variable parameters are given in Table 1 and 2,
respectively.

Table 1. Heat flux density values for various combinations of variable parameters

Thermal conductivity coefficient of Expanded Penofol Air
the material, W/(m*°C) polystyrene Without
insertion
. 5 15 25 5 15 25 5 15 25
Insert thickness, mm

-5 19.5 | 16.0 | 13.5 | 22.0 | 19.0 | 17.0 | 19.8 | 16.1 | 13.6 27.0

Outdoor temperature, °C -20 | 31.0 | 25.0 | 22.0 | 350 | 31.0 | 27.0 | 32.0 | 25.5 | 22.0 43.0

-35 | 42.0| 34.0 | 29.5 | 495 | 42.0 | 37.0 | 44.0 | 35.1 | 30.0 60.0
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Table 2. Temperature values on the inner surface of the structure for various combinations

of variable parameters
Thermal conductivity coefficient of Expanded Penofol Air
the material, W/(m*°C) polystyrene enoto Without
insertion
Insert thickness, mm 3 15 25 5 15 25 5 15 25

-5 1741179 | 182 | 17.1 | 17.5| 17.8 | 174 | 18.1 | 182 16.4

Outdoor temperature, °C -20 15.7 1166 | 17.1 | 153 [ 16.0 | 164 | 158 | 16.6 | 17.1 14.3

-35 153|154 | 16.1 | 132|144 | 151 | 143 | 153 | 16.1 12.1

CONCLUSIONS

Thus, based on the results of numerical studies of
the energy efficiency of the joints of wall panels
with a wooden frame, the following conclusions
can be drawn:

1. Numerical calculations of the effect of
dissections on the work of the nodal racks of
wooden panels are carried out. The possibility of
their use in node connection racks has been
determined.

2. The dependences of the density of the heat
flow passing through the linear thermal
heterogeneity on the type of insulation used in
the dissection, the width of the dissection and the
outdoor temperature are determined.

3. By calculating two-dimensional temperature
fields in the cross section of the node, isofields of
temperature distribution inside the structure,
isofields of heat flux density and its direction,
lines of temperature distribution and heat flux
density along the inner and outer surfaces are
obtained.

4. The value of specific heat loss through linear
thermal heterogeneity (wooden joint ribs) is
calculated, which directly takes into account heat
loss in the junction when calculating the reduced
heat transfer resistance.

5. It was found that the heat flux density in the
ribs with heat-insulating inclusions is less in
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comparison with solid wood parts by an amount
from 13% to 52%.
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