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The work is devoted to the refinement of engineering methods for calculating heat loss through structures made of prefabricated
sandwich panels. At buildings installation in places of steel structures adjunction "cold bridges" and, as a result, condensate
and mildew are formed. Heat loss due to "cold bridges" can reach up to 50% of the total house heat loss and affect its energy
efficiency class. The paper presents typical energy-efficient structural units of enclosing structures made of sandwich panels
and the results of these nodes temperature field modelling, which allow by the DSTU ISO 10211: 2005 method to determine
the linear heat transfer coefficients, which can be used in engineering calculations of relevant structures transfer resistance and
supplement Annex G in DSTU B V.2.6-189: 2013. Calculation of the linear coefficient of thermal conductivity for different
variants of structures adjacency will avoid thermal failures and increase the energy efficiency class of buildings
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PoGoTy npuCBsiUCHO YTOYHEHHIO iHKEHEPHUX METOIB PO3paxyHKy TEIUIOBTPAT KPi3b KOHCTPYKIIIT 31 30ipHUX CaHIBIY MaHe-
neit. [Ipu MoHTaXi OyniBeNb B MICIUIX IPHUMHUKAHHS CTaJIeBUX KOHCTPYKIIH yTBOPIOIOTBCS «MICTKH XOJIOAY» i, SIK HACIIJOK,
MOXKJIUBE YTBOPEHHSI KOH/CHCATY 1 [[BiJIi. TEIUIOBTPATH 3a paxXyHOK «MiCTKIB XOJIOIy» MOXYTbh gocsirati 10 50% BiJ 3araib-
HMX TEIUIOBTpaT OYAMHKOM i BIUIMBATH Ha HOro Kijac eHeproe(eKTUBHOCTI. B ykpalHCBKMX HOPMAaTHBHHX JOKYMEHTax He
HABEJICHO METO/IMKN BU3HAUCHHS TEIUIOBTPAT KPi3h KOHCTPYKLIT, SIKi CKIaaI0ThCs 3 CaHBIY-TIaHENIeH OeJIeMEHTHOT 300pKH,
3 BpaXyBaHH;IM KOHCTPYKTHBHHX OCOOJIMBOCTE! Ta 3HAUCHHS JiHIHHNX KoediieHTiB Teruonepenayi. s THIOBUX KOHCTPY-
ktuBHEX By31iB y goaaTtky I' JICTY b B.2.6-189:2013 naBezneHi Jiuiie 3HaueHHs JiHIHHUX KOe(ili€HTIB Teruonepeaadi 1uis
KaM’sSTHUX KOHCTPYKILIH Ta X eneMeHTiB. Y po0oTi HaBeJEHO THIOBI eHeproe(eKTHBHI KOHCTPYKTHBHI BY3JIH MPUMUKAHHSI
CeHBUY-TIAHENEH 10 ICHYIOUHX KaM’sIHUX CTiH, CTiH i3 caHJBIU-TIaHeded 1o OeTOHHOro (GyHAaMEHTY, KapHU3IB i3 CaH/ABIU-
naHeseil, yamryBaHHs JIOTKIB BHYTPILIHBOTO BOJOBIIBEICHHS Ta PE3yJIbTATH MOJICIIOBAHHS TEMIICPATYPHOTO OIS LIUX BY-
3I1iB, 10 JO3BOJISIIOTH 32 MeToaukoro JICTY ISO 10211:2005 Bu3HaunTH NiHIMHI KOe]ilieHTH TeIUIonepeaadi, ki MOKHA
3aCTOCOBYBATH B IHXKEHEPHUX PO3paxyHKax ONOpy TEIUIONepeaadi BiIIIOBITHUX KOHCTPYKIIiH Ta gornosHuTH fogatok I JICTY
b B.2.6-189:2013. MopgenmoBaHHs KOHCTPYKTHBHUX BY3JIiB peaii3oBaHO METOAOM CKiHUEHHX elneMeHTiB. OOpaxyHOK JiHili-
HOTo Koe(illi€HTy TEeIUIONPOBIHOCTI Pi3HUX BapiaHTIB IPHUMHUKAHHS KOHCTPYKLIH 103BOJIUTh YHUKHYTH TEIUIOBHX BiJMOB Ta
MiIBUIIMTH KJac eHePreTHYHOT e(heKTHBHOCTI Oy IiBesb
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Introduction

The use of mineral wool sandwich panels as enclos-
ing structures allows constructing buildings with indi-
vidual sizes and purposes, using typical design solu-
tions. In addition, the use of such enclosing structures
has an advantage over heavier enclosing wall panels
and reinforced concrete floor slabs. However, there are
also disadvantages, such as the possibility of heat loss
through the prefabricated sandwich panels structure
joints. At buildings installation in places of steel struc-
tures adjunction "cold bridges" and, as a result, conden-
sate and mildew are formed. Heat loss due to "cold
bridges" can reach up to 50% of the total house heat
loss and affect its energy efficiency class. In the
Ukrainian normative documents, there is no methodol-
ogy for the heat loss designation for the structure, that
is stored from the element-by-element sandwich pan-
els’ assembly, with the design features and values of
linear heat transfer coefficients. For typical structural
units in Annex G of DSTU B V.2.6-189:2013 [13] only
the values of linear heat transfer coefficients for stone
structures and their elements are given. Therefore, the
study of cold bridges' influence on the thermal insula-
tion shell of the element-by-element sandwich panels’
assembly design is an urgent task.

Review of the research sources and publications

Enclosing structures in the sandwich panels form for
the houses construction began to be actively used in the
late 90s of the 20th century. The advantages of such
structures include the construction speed, high-quality
fabricated buildings, and low cost. The panels them-
selves are multilayer plates, which consist of two spe-
cially treated metal sheets, with the insulation between
them. Most often, mineral wool acts as insulation.
It has such advantages as resistance to moisture and
flame, excellent heat, and sound insulation properties.
The functional characteristics of enclosing structures
largely depend on the temperature fluctuations range on
the inner surface. Accurate forecasting of temperature
conditions for buildings enclosing structures at periodic
thermal effects allows avoiding thermal failures that
were investigated in [1]. Theoretical studies of temper-
ature fluctuations amplitude on the inner surface of
sandwich panels and the possibility of condensate for-
mation on it were investigated in [2], the limits of sand-
wich panels’ application for external walls of refriger-
ators buildings were revealed. In [3] the thermal insu-
lation capacity of civil buildings' external walls based
on a framework from steel profiles and dependence of
thermophysical characteristics of thermos profiles on
type of perforation is investigated. In [4], the actual val-
ues of linear heat transfer of complex nodal points of
enclosing structures for typical building thermal insu-
lation structural elements, which significantly affect
the reduction of thermal resistance, are calculated.
The shortcomings in the calculation and construction of
the described elements were analysed and the further
development of engineering calculation methods for
enclosing structures in the study of their complex ele-

ments was provided. In [5-10] examples of thermal in-
sulation calculations, difficult nodes in enclosing struc-
tures are given.

Definition of unsolved aspects of the problem

Sandwich panels, which are a multilayer enclosing el-
ement inhomogeneous in structure, have the main dis-
advantage from a thermophysical point of view —
this is a significant number of assembly joints, through
which heat loss occurs, condensate and mildew are
formed. During building construction such "cold
bridges" are not given enough attention, especially in
custom solutions, such as reconstruction. In Ukrainian
regulations, only a few values of linear heat transfer co-
efficients for standard designs of sandwich panels are
given. The introduction of typical energy-efficient
structural units of sandwich panels to existing stone
walls or concrete foundations, sandwich panel cornices,
installation of internal drainage trays, etc. will signifi-
cantly increase the thermal protection of buildings.
The results of modelling the temperature field of these
nodes allow by the method of DSTU ISO 10211: 2005
[11] to determine the linear heat transfer coefficients
that can be used in engineering calculations of heat
transfer resistance of relevant structures and supple-
ment Annex G in DSTU B V.2.6-189: 2013 [13].

Problem statement

The purpose of this work is to clarify the calculating
heat loss methods of sandwich panels, taking into ac-
count the linear heat transfer coefficients of their struc-
tural units and the development of design solutions for
typical energy-efficient units.

Methods of thermophysical calculations are based on
the calculation of two-dimensional temperature fields
by the finite element method and on engineering meth-
ods for determining linear heat transfer coefficients.

Basic material and results

Were analysed the enclosing constructions of the pub-
lic building with the frame constructive scheme, the
grid of columns is designed with a step 6x6 m. The roof
of the building is combined with the coating. It has a
small slope i = 0,1 and designed from sheets of profiled
flooring. Between the two sheets of profiled flooring
(covering and roof) light mineral wool insulation and
intermediate Z-beams are provided for installation di-
rectly on the construction site. The wall protection is
made of light hinged three-layer sandwich panels of
factory production with a height of 1500 mm: light min-
eral wool insulation between two layers of profiled
flooring.

For typical structural units of the light wall enclosing
structures and their elements in Annex G in [13] only
the values of linear heat transfer coefficients are given.
Therefore, when calculating the total heat transfer by
the transmission through the area of the building ac-
cording to [14]

Qtr = Htr,gdj ( <int,set.H - (e ) t
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takes into account the direct generalized coefficient
of heat transfer by transmission to the environment,
W/K, according to the formula (12) in [14]:

H.=by.©; 4 U;, (1)

where 4; — the area of the [i-th element of the building
shell, m?;

U; — generalized heat transfer coefficient of the i-th el-
ement of the building shell, W/(m?-K);

Rsypi — generalized heat transfer resistance of the i-th
element of the building shell, m?>-K/W, that for opaque
elements is determined in accordance with [13];

by — correction coefficient: b, = 1 — when calculating
Hp.

In the absence of information or insufficient amount
of heat-conducting inclusions in the structure, it is rec-
ommended to use an adjusting correction to the heat
transfer coefficient to take into account the impact of
heat-conducting inclusions, according to the formula
(21) [14]:

Uap,wrr = Uap,mn + ®ljtb > (2)

where U, mn — heat transfer coefficient of the opaque
part of the structure (on the main field), W/(m?-K);
®Uy — an additional component by default to the heat
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The linear heat transfer coefficients of this solution
are shown in table 1.

The result of the calculation of the temperature field
with thermal liners for insulating metal elements from
the surface with negative temperatures proved the need
to comply with the design solution with a continuous
insulating layer (see fig. 2).

Given that the main heat loss occurs through the un-
insulated wall of the existing building, the linear coef-
ficient is almost independent of the thermal character-
istics of the roof.

transfer coefficient of opaque structures, U,,, taking
into account the influence of heat-conducting inclu-
sions, W/(m?-K), the calculated values are shown in ta-
ble 4 of [14], and for the average value of the heat trans-
fer coefficient for the opaque parts of the structures

Usp.mn < 0.4 ®Uyp = 0.15 W/(m*K).

Such a significant value of the additional component
can reduce the actual value of the heat transfer re-
sistance, so to increase the calculations accuracy, it is
advisable to use the formula of the reduced heat transfer
resistance of thermally inhomogeneous opaque enclos-
ing structure (3) in [13]. Linear heat transfer coeffi-
cients can be determined by the recommendations for
the design and calculation of energy-efficient design
solutions of sandwich panel elements below. Determi-
nation of linear heat transfer coefficients is carried out
based on calculations of two-dimensional temperature
fields and methods according to [11-12].

The connection of the combined insulated roof to the
stone walls of existing buildings during the reconstruc-
tion must be insulated to avoid freezing of the angle be-
tween the roof and the outer wall according to the
scheme shown in figure 1.

Figure 1 — The junction of the combined roof
to the stone wall:

1 — polyurethane sealant;

2 — shaped strip;

3 — anchor with a seal;

4 — polyurethane gasket;

5 — sealing mastic;

6 — self-tapping screw 5,5x50;

7 — thermal gasket 10 mm / 50 mm;

8 — roof panel PK-35/0,7;

9 — super diffusion membrane;

10 — vapour barrier;

11 —roof panel PK -60/0,7;

12 — self-tapping screw 5,5%25.

Table 1 — The junction of the combined roof
to the stone wall

Estimated Linear heat transfer coefficient,
therrr.lal. W/(m-K), depending on the
conductivity availability of thermal inserts

of the insulation

in the combined | With thermal in- | without thermal

roof, W/(m-K) serts inserts
0,035 -0,184 -0,163
0,040 -0,181 -0,154
0,045 -0,178 -0,145
0,050 -0,175 -0,136
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The thermal insulation layer of the combined roof
must be made inseparable from the thermal insulation
of the insulated gutter according to the scheme shown
in figure 3.

The linear heat transfer coefficients of this solution
are shown in table 2. Design solutions for the installa-
tion of an external drainage system should have mini-
mal impact on the integrity of the thermal and water-
proofing layers of the roof (see fig. 4).

AN

b)
Figure 2 — The temperature field of the junction of the combined roof
to the stone wall, taking into account the thermal gaskets (a)
and without additional thermal insulation of metal elements (b)

Table 2 — The junction of the combined roof

to the gutter

Estimated
thermal
conductivity of

Linear heat transfer coefficient,
W/(m-K), depending on the avail-
ability of thermal inserts

the insulation in - . .
the combined with thermal in- | without thermal
roof, W/(m-K) serts inserts
0,035 0,489 1,923
0,040 0,498 1,936
0,045 0,504 1,947
0,050 0,510 1,957
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Figure 3 — The junction of the combined roof to the gutter

1 — self-tapping screw 5,5%50; 2 — sealant for external works; 3 — rivet (step 300 mm);

4 — shaped element 1; 5 — thermal gasket 10 mm / 50 mm; 6 — internal seal;

7 — self-tapping screw 4,8x16; 8 — shaped element 2; 9 — sealing tape; 10 — roofing beam;
11 — drainage gutter with electric heating, material - galvanized steel, thickness 4 mm;

12 — additional waterproofing layer; 13 — mineral wool of 180 mm in a polyethylene wrap;

14 — wall panel TP18.
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Figure 4 — The temperature field of the junction of the combined roof
to the gutter, taking into account the thermal gaskets (a)
and without additional thermal insulation of metal elements (b)

The temperature field modelling proved the signifi-
cant influence of the gutter design on the reduced heat
transfer resistance of the combined roof due to the com-
plex geometric shape and the presence of "cold
bridges".

12 3

The linear heat transfer coefficients of this solution
are shown in table 3. Design solutions of the eaves node
should prevent the formation of cold bridges, which can
affect the overall heat loss of the building (see fig. 6).

To prevent the cold bridges formation, which can af-
fect the overall heat loss of the building, proved the fea-
sibility of using thermal gaskets that reduce the linear
coefficient of thermal conductivity.

The thermal insulation layer of eaves nodes of the
combined roof must be made inseparable from the ther-
mal insulation of the building's outer wall according to
the scheme shown in figure 5.

Figure S — The junction of the combined roof
to the outer wall (eaves node)

1 — seal "column - sandwich";

2 — carcass column;

3 — self-tapping screw 4,8x28 with gasket;
4 — horizontal sandwich seal;

5 — self-tapping screw with a washer 4,2x16;
6 — plate 6 mm;

7 — self-tapping screw 5,5x25;

8 — roof panel P-60/0,7;

9 — vapour barrier;

10 — super diffusion membrane;

11 — roof panel PK-35/0,7;

12 — self-tapping screw 5,5%50;

13 — thermal gasket 10 mm / 50 mm;
14 — eaves strip;

15 — external seal;

16 — thermal gasket;

17 — ordinary sandwich profile;

18 —vapour barrier;

19 — metal panel TP-18;

20 — thermal separation strip;

21 — wind-waterproofing membrane;
22 — stiffness element 150x96,2 mm,;
23 — thermal insulation.

Table 3 — The junction of the combined roof
to the outer wall (eaves node)

Estimated
thermal
conductivity of

Linear heat transfer coefficient,
W/(m-K), depending on the avail-
ability of thermal inserts

the insulation
in the combined | with thermal in- | without thermal
roof and wall, serts inserts
W/(m-K)

0,035 0,629 1,133
0,040 0,635 1,184
0,045 0,642 1,234
0,050 0,649 1,285

106 Academic journal. Industrial Machine Building, Civil Engineering. — 2(55)’ 2020



a)

Conclusions

The use of the adjusting correction to the heat transfer
coefficient to take into account the influence of heat-
conducting inclusions according to the formula (21)
DSTU B A.2.2-12: 2015 [14] leads to a reduction of the
actual value of heat transfer resistance of multilayer
structures by half. If it is necessary to obtain a certain
energy efficiency class of the building as a whole, it
leads to economically impractical overuse of thermal
insulation material in structures and non-compliance
with the condition of the thermal insulation layer con-
tinuity. The expediency of using thermal gaskets, that
reduce the linear coefficient of thermal conductivity, to
prevent the formation of cold bridges has been proved.
The calculation of thermal conductivity linear coeffi-
cient for different options of connecting structures will
avoid thermal failures and increase the energy effi-
ciency class of buildings.

Tenme
T

0.

z1n

b)
Figure 6 — The temperature field of the junction of the combined roof
to the outer wall (eaves node), taking into account the thermal gaskets (a)
and without additional thermal insulation of metal elements (b)
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