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The analysis of heat-protective properties of the existing attic floor of the educational building of National University
«Yuri Kondratyuk Poltava Polytechnic» showed their non-compliance with regulatory requirements. The required thickness of
the insulation in the attic floor was determined without taking into account the heat-conducting inclusions. Overlapping areas
with heat-conducting inclusions reduce the reduced heat transfer resistance. In the attic floor, these are the areas where the floor
adjoins the inner and outer walls. It is possible to increase the reduced heat transfer resistance due to additional insulation of
external and internal walls within the cold attic. The study determined the optimal length of additional insulation for eight
different options. To determine the optimal value, options for additional insulation of external and internal walls within the
attic with a simultaneous reduction in the thickness of the insulation on the attic floor were considered.

Keywords: heat-conducting inclusions, insulation of cold attic walls, optimal insulation option.

Bu3zHayeHHsI ONTUMAJIBHOIO BapiaHTy yTeNJIeHHS
TOPHUIIIHOTO MEePEKPUTTH HABYAJIBHOIO KOPIyCy

I0pin O.1.1, 3uryn A.JO.?*, Knenko A B.3, Kinico Maxuinza®

1234 Hanionansnuii yrisepcuteT «Ilonrasebka nomitexHika iMeri IOpis Konaparioka»
*Anpeca s muctyBanHsa E-mail: alinazygun@gmail.com

PoGora npucBsiueHa BU3HAYEHHIO ONTUMAIFHOTO BapiaHTy yTEeIUIEHHS TOPHUIIHOTO NEPEKPHUTTS HaBUaIbHOTO Kopmycy Hario-
HasbHOTO yHiBepcuteTy «llonraBchka nomitexnika iMeHi FOpist Konnparioka». AHaii3 TeIIo3aXiCHUX BIaCTUBOCTEH iCHYIO-
YOro TOPHIITHOTO NEPEKPHUTTS [I0Ka3aB HEBIAMOBIAHICTh iX HOpMaTHBHUM BUMoraM. byia Bu3HaueHa HeoOXifHA TOBIIHHA yTe-
IUIIOBaya y TOPHUILHOMY IEPEKPUTTI Oe3 ypaxyBaHHS TEILIONPOBIIHUX BKIIOYEHb. AJle HA TEIJIO3aXHCHI BIACTUBOCTI TOPHIL-
HOTO NEPEKPUTTS 3HAYHUN BIUIMB 3AIHCHIOIOTH AUISHKU IEPEKPUTTS 3 TEIUIONPOBIIHUMH BKIIOUCHHAMH. BOHM 3MeHIIYIOTH
HpHBeeHHUIT onip Temonepenayi. TakuMu IUITHKAMH Y TOPHILHOMY NEPEKPUTTI € AUITHKY IPUMHMKaHHS IEPEKPUTTS 10 BHY-
TPILIHIX Ta 30BHILIHIX CTiH. 30UIBIINTH PUBENCHUH OMIp TeIuIonepenayi MOMKIMBO 328 PaXyHOK JOJATKOBOIO yTEIUICHHS 30-
BHIIITHIX Ta BHYTPIIIHIX CTIiH y MeXaX XOJIOJHOTO ropuia. Y poOoti Oyiau po3risiHyTi BapiaHTH JOJaTKOBOTO YTCINICHHS Y
MeKax XOJIOAHOTO FOpHIIa: 30BHINIHBOI CTiHM 3 30BHINIHEO] CTOPOHH, 30BHIITHEOI CTIHM 3 BHYTPIIIHBOT CTOPOHH, 30BHIITHBO1
CTiHH 3 BHYTPIIIHBO{ Ta 30BHIIIHBOI CTOPOHH, BHYTPIIIHIX CTiH, 30BHIIIHBOI CTIHH 3 30BHIIIHHOI CTOPOHH Ta BHYTPIIIHIX CTiH,
30BHIIIHBOI CTIHM 3 BHYTPINIHEOI CTOPOHH Ta BHYTPIIIHIX CTiH, 30BHIIIHBOI CTIHM 3 000X CTOPIiH Ta BHYTPIMIHIX CTiH, 30116~
IICHHS TOBLIMHU YTEIUIIOBa4Ya TOPUILHOTO NEPEKPUTTS. Byl BU3HaueH] onTHMabHI BapiaHTH JOBXUHHU JIOATKOBOTO yTell-
JICHHS JJISHOK 3 TEIUIONPOBIHUMH BKJIFOYEHHSAMH. 32 ONTUMaNbHI IPUAMaNnCs Taki JOBXUHU JJOJATKOBOTO yTEIUICHHS IIPU
SKUX MOZaJIbLIe 301IbIICHHS JOBXKUHY yTEIUTIoBaya He Jla€ iCTOTHOTO 301IbLIEHHS IPUBEICHOTO ONopy Terionepenadi. JJoc-
JiJDKEHHS M0Ka3aJly, 10 BapiaHT MiABUIIEHHS TOBILIMHH yTEIUIIOBAa4a HA TOPUIHOMY NepekputTi 1o 400 MM 103BOIIsE 1OCS-
THYTH HOPMOBAHOT'O 3HAUECHHS TEIUIO3aXUCTY UL TOPUIIHOTO MEPEKPUTTS. AJle JaHUil BapiaHT YTEIUICHHS € €KOHOMIYHO He
JOIUIBHUM TaK SIK HOTpeOye 3HAUHOTO 301IbIIeH s 00’ €My yTerumoBayda. {71 BU3HaUEeHHS! eKOHOMIYHO ONTHMAJIBHOTO Bapia-
HTa OyJM pO3IIITHYTI BapiaHTU JOAATKOBOTO yTEIUICHHS 30BHINIHIX Ta BHYTPILIHIX CTIH y MeXaX TOPHIIA 3 OAHOYACHUM 3Me-
HIICHHSIM TOBIIVHH yTEINTIOBAYa HA TOPUIHOMY IIEPEKPHTTI.

Ki1ro4oBi cj10Ba: TEIIONPOBIAHI BKIIOYECHHS, YTEIUICHHS CTiH XOJIOAHOTO FOPHIIA, ONTHMAJIbHUIT BapiaHT yTEeIUICHHS
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Introduction

Ensuring the projected regulatory level of thermal
protection of buildings is the main task of modern de-
sign and construction in Ukraine.

Heat losses through sections of walls of complex con-
figuration are usually different from heat losses through
sections accepted for thermal calculation. Areas of
complex shape include nodal joints of walls with mez-
zanine floors, adjacency of window filling to the walls,
corners of walls, etc. Such and similar nodes are «cold
bridges», which significantly reduce the value of the re-
duced resistance to heat transfer of enclosing structures.

Additional insulation of the main field of enclosing
structures is economically impractical, as it requires a
significant increase in the volume of insulation. There-
fore, it is necessary to find ways to insulate the nodes
with heat-conducting inclusions that would bring the
reduced resistance of heat transfer to the requirements
of the norms.

Review of the research sources and publications

Research on building thermophysics devoted to
the calculation of temperature fields of sections of ex-
ternal enclosing structures of complex configuration
belong to such prominent scientists as K. Fokin [1],
A.Lykov [2], V.linskiy [3], M. Miheev [4],
A. Shklover [5], A. Mogilat [6], as well as modern re-
search  H. Fareniuk [7], A. Prishchenko [8],
M. Tymofieiev [9, 10], S. Fomin [11].

Definition of unsolved aspects of the problem

A significant number of works by many authors are
devoted to the study of heat-protective properties of
sections of external walls of complex configuration
[12,13].

The option of increasing the heat-protective proper-
ties of the cold attic floor due to additional insulation of
its external and internal walls was not considered. Re-
search in this area is relevant.

Problem statement

The aim of the work is to increase the level of thermal
protection of cold roof enclosing structures by improv-
ing the thermal solutions of attic floor units with heat-
conducting inclusions.

Research objectives:

— perform an analysis of the heat-protective properties
of the floor of the educational building of the National
University «Yuri Kondratyuk Poltava Polytechnicy;

— perform an analysis of ways to improve the heat-
protective properties of the attic floor with heat-con-
ducting inclusions. Identify a cost-effective option.

Basic material and results

Thermally conductive inclusions reduce the reduced
resistance to heat transfer of enclosing structures. In the
construction of the attic floor, heat-conducting inclu-
sions are the joints between the outer and inner walls
with the floor structure.

To calculate the reduced heat transfer resistance of
the attic floor, it is necessary to know the values of the

linear heat transfer coefficients of these heat-conduct-
ing inclusions.

Determination of linear heat transfer coefficients is
performed according to the method [14,15], which in-
volves the calculation of temperature fields of these ar-
eas.

The cold attic of the educational building of the Na-
tional University «Yuri Kondratyuk Poltava Polytech-
nic» was accepted for research. The performed re-
searches of the value of heat protection of the existing
external enclosing constructions of the educational
building do not satisfy the norms. The facades of the
educational building are shown in Figure 1 and 2.

Figure 1 — The main facade of
the educational building

Figure 2 — Side facade of the educational building

Areas, where the linear heat transfer coefficients were
determined, are:

1. Connection of the outer wall with the construction
of the attic floor (node 1);

2. Connection of the inner wall with the construction
of the attic floor (node 2).

ELCUT software is used for further calculations of
two-dimensional temperature fields.

To increase the heat-protective properties of the outer
wall, it was proposed to insulate it with a layer of min-
eral wool IZOVAT, density po = 135 kg/m’ and thick-
ness 150 mm. Insulation must be performed on the out-
side after removing the finishing layer from the ceramic
tile, cleaning and repairing the outer surface of the wall.

44 Academic journal. Industrial Machine Building, Civil Engineering. — 1 (56)’ 2021



Determination of the linear heat transfer coefficient
of the node Nel.

The calculation scheme for determining the linear co-
efficient of the node Nel is shown in Figure 3.

MULTIROCK ROLL,
=23 kg/m?

Perlite concrete, p=800 kg/m?

Reinforced concrete slab

1000

»=2500 kg/m?

200

Mineral wool ~

IZOVAT /

220

p=135 kg/m?

1000

Brick
p=1800 kg/m?

150 510 1000

Figure 3 — Calculation scheme for determining
the linear coefficient of the node Nel

The calculation of the linear heat transfer coefficient
is performed according to the formula:

J
ky = ZL?D —ZU,- 1, =
i=1
=0.545+0.444-0,199-1-0,235-1=0,556 W/(m-K)

where L?* — linear coefficient of thermal connection,
WI/K, respectively in the areas of the attic floor and the
outer wall is determined by formulas:

72D Orotat _ 21.101 =0.545 W/K

“@ g, —t, 21-(=17.7)

LZD_ Qtot.w — 19104

2D _ — 0.444 W/K
L —lex 21_(_22)

where Quorar, Ororw — the heat flux passing through the
attic floor and the outer wall, respectively, W, is deter-
mined on the basis of the results of the calculation of
the two-dimensional temperature field (Figure 4);

Ot =21.101 W ;

Qtat w=

where t;, — temperature, °C, indoor air £, =21 °C
Since the difference between the outside air tempera-
ture and the attic temperature is 0.9 of the difference
between the outside air temperature and the room tem-
perature, the attic temperature is determined by the for-
mula:

far=0.9 (fex —

19,104 W

ZLin) + ZLin =

=09 (22+21)+21=-17,7°C
Ui, U, — heat transfer coefficients of one-dimensional
fragments, W/(m?-K), respectively, the floor and the
outer wall separating the studied medium is determined
by formulas:

1 1
U = =——=0.199 W/(m>K)
Ry, 5.024
11
U, = =0.235 W/(m?K)
Ry, 4248

Figure 4 — Results of calculation of temperature
field of node Nel

where Rz, ; R, — heat transfer resistance of the ther-
mally homogeneous part of the attic floor and the wall,
respectively, (m*K)/W, determined by formulas:

Ryy=——+2R+
inat =l ex.at
I R S S U
Aip.at ﬂ’lcal Aanl l3cal Aox.at
_ 1022 007 020 1

87 204 033 0044 12
=5.024 (m2-K)/W

RZW: 1 +i+ﬁ+§+ﬁ+§+ 1 =
2 A A 4 A4 A «a

m.w

ex.w

1 0.02 051 001 0.15
=—x + + + +
87 0.81 0.81 0.93 0.044

=4.248 (m2K)/W

0.014 1
+ — =
093 23

Qin.at , Oin.w — heat transfer coefficients of internal sur-
faces, respectively, attic and wall, W/(m?-K), which are
accepted in accordance with Annex B [14]:

Cinar = 8.7 W/(m?K); Qinw=8.7 W/(m*K) ;

Qex.at , Olex.w — heat transfer coefficients of external sur-
faces, respectively, attic and wall, W/(m?-K), which are
accepted in accordance with Annex B [14]:

Cex.ar = 12 W/(?K); Qexw = 23 W/(m?-K) ;

I, I, — lengths, respectively, of the attic and the wall,
m, to which the values are applied U; and U,
L=1m;L=1m
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Determination of the linear heat transfer coefficient
of the node Ne2.

The calculation scheme for determining the linear co-
efficient of the node Ne2 is shown in Figure 5.

MULTIROCK ROLL,

p=23 kg/m?

Perlite concrete, p=800 kg/m?

Reinforced concrete slab

1000

»=2500 kg/m*

g
Q

13

=y
Q
S
8
=1
=

| Brick
pr1800 kg/m?

1000 510 1000

Figure S — Calculation scheme for determining
the linear coefficient of the node Ne2

The calculation of the linear heat transfer coefficient
is performed according to [15] according to the for-
mula:

J
ky = ZL?D —ZUi 1 =
i=1
=1.066 —0,199-2 = 0.668 W/(m-K)

where L2 — linear coefficient of thermal connection,
W/K, on the site of the attic floor is determined by the
formula:

120 _ Qua 41236

= - = 1.066 W/K
t, —t, 21-(-17.7)

at

where Quorar, Ororw — heat flow passing through the attic
floor and the outer wall, W, determined on the basis of
the results of the calculation of the two-dimensional
temperature field (Figure 6);

Oorat =41.236 W

where t;, — temperature, °C, indoor air indoor air
tin=21°C.

VVVVVV

4

184

Figure 6 — Results of calculation of temperature
field of node Ne2

Since the difference between the outside air tempera-
ture and the attic temperature is 0.9 of the difference
between the outside air temperature and the room tem-
perature, the attic temperature is determined by the for-
mula:

tut = 09 (tex - tin) + tin =
=09 (22+21)+21=-17.7°C
Ui — heat transfer coefficient of one-dimensional frag-
ment, W/(m?K), the overlap separating the studied me-
dium is determined by the formula:
1 1

——=0.199 W/(m>K)

U = =
"" R, 5.024

where Rz, — heat transfer resistance of the thermally

homogeneous part of the attic floor, (m*K)/W, deter-
mined by the formula:

Ryy=—— 3R+

Cingt  i=l A ox at
d
D S ) S S
Ain.at Alp AZp 13;7 A ox.at
1 N 0.22 007 020 1

=— + + +—=
87 204 033 0.044 23
=5.024 (m>K)/W

i — the length of the attic floor, m, to which the value
is applied Ui, [y =1 m

Determination of the reduced heat transfer resistance
of the attic floor structure

The configuration of the design area for determining
the reduced resistance to heat transfer to the attic floor
is shown in Figure 7.

8545 1 3690 1 45

20700

Figure 7 — Configuration of the calculation
scheme for determining the reduced heat transfer
resistance of the attic floor

The width of the calculated section is assumed to be
1 m.

The reduced heat transfer resistance of the attic floor
is determined by the formula:
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Fy
RZI - n Fi m k -
Z;=1R72+zj=1 kL + 200Ny

Fy

If—lﬁtlel x24+kyLy,x2

z
20,7

~ 19,68
5,024

+0,556x1x2+0,668x1x2
=3.253 (m>K)/W

where Fs — area of the enclosing structure, m?, deter-
mined by the formula

Fs=20.7x1=20.7m?;

Ry — heat transfer resistance of thermally homogeneous
part of the structure, (m?K)/W, determined by the for-
mula:

1 n 1
Ry =—+Y R +—=
Uiy =1 O ox
1) o o
L o 0 6 1
a /llp Azp A3p a,,

1 022 007 020 1
+ + + +

in

T87 204 033 0044 23
=5.024 (m2K)/W

F — the area of the thermally homogeneous part of the
enclosing structure, m?, determined by the formula
F1=(8.545+3.69 + 7.445) x 1 = 19.68 m? ;
k1 , k> — linear heat transfer coefficients, W/(m>K), re-
spectively in the place of adjacency of the overlap
structure to the outer and inner walls
k1 =0.55 W/(m?-K) ; k» = 0.668 W/(m*K) ;
Ly, L, — linear size (projection) of linear heat-conduct-
ing inclusions, m;
L1: 1 m,L2:1m.

Determine the difference between the values Rs; and
Rs according to the formula:

R .
n=—:100-100 = ﬁmo-mo =35.8%
5.064

Ry

Sincen Rsy =3.253 (m?K)/W < Rymin=4.95 (m*-K)/W
then the heat-protective properties of the attic floor of
the educational building are not sufficient.

Not taking into account heat-conducting inclusions
leads to an overestimation of the actual heat transfer re-
sistance of the attic floor of the educational building by
35.8%.

To bring the heat-protective properties of the attic
floor of the educational building to the regulatory re-
quirements, eight constructive options for insulation
were considered.

Option 1. Insulation of the outer wall on its outer
surface above the level of the top of the attic floor in-
sulation.

Raising the insulation above the level of the top of the
attic floor insulation was assumed to be a multiple of
200 mm. Determination of the reduced heat transfer re-
sistance of the attic floor was performed on the basis of
calculations of the temperature fields of node 1 and
node 2. The temperature field of node 2 is constant.

The calculation results of the reduced resistance of
heat transfer of the attic floor are shown in table 1.

Table 1 — Calculation results of the reduced heat
transfer resistance of the attic floor

©
2. | 2| 2| 3.z
— .S o P a > s>
£ °0F g a8 gy Ex Z
S<S—= 8§ ~ O O DE‘] . & -
e él) a ~ ~ N N
28% = = E a
0 0,556 3,253
200 0,508 3,302
400 0,487 3,325
600 0,477 3,335
800 0,473 0,668 | 3,339 4,95
1000 0,472 3,341
1200 0,471 3,342
1400 0,470 3,343
1600 0,470 3,343

Figure 8 shows a graph of the dependence of the re-
duced resistance to heat transfer of the attic floor on the
increase in the length of the insulation.

Rired, m’-K‘\V
3,360 = - = I .

3,340
3,320
3,300 -

3,280

3,260 -
3,240 +

3,220

3,200 + T T
0 200 400

660 860 1000 12.00 1400 1660 {, mm

Figure 8 — The graph of the dependence of the re-

duced resistance of heat transfer of the attic floor
on the increase in the length of the insulation.

Result for option 1.

1. Additional insulation of the outer surface of the
outer wall of the cold attic does not allow to achieve the
normalized value of thermal protection for the attic
floor.

2. The optimal increase in the length of the insulation
is 800 mm. A further increase in the length of the insu-
lation does not significantly increase the reduced heat
transfer resistance.
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Option 2. Insulation of the outer wall on its inner
surface above the level of the top of the attic floor in-
sulation.

Raising the insulation above the level of the top of the
attic floor insulation was taken as a multiple of 200 mm.
The determination of the reduced heat transfer re-
sistance of the attic floor was performed on the basis of
calculations of the temperature fields of node 1 and
node 2. The temperature field of node 2 is constant.

The calculation results of the reduced resistance of
heat transfer of the attic floor are shown in table 2.

Table 2 — Calculation results of the reduced heat
transfer resistance of the attic floor

Option 3. Insulation of the inner wall above
the level of the top of the attic floor insulation.

Raising the insulation above the level of the top of the
attic floor insulation was taken as a multiple of 200 mm.
Determination of the reduced heat transfer resistance of
the attic floor was performed on the basis of calcula-
tions of the temperature fields of node 1 and node 2.
The temperature field of node 1 is constant.

The calculation results of the reduced resistance of
heat transfer of the attic floor are shown in table 3.

Table 3 — Calculation results of the reduced heat
transfer resistance of the attic floor

[} (]
€8¢ < < = | -3 8¢ ) < | -3
s QO . .- 2~ o S~ Doy . .- 2~ o S~
- 4 g < g g g = Eo°% g o g < E £ £
8?0'3 g ~ O £N' S 8?0'5' g ~ M Q?N- S
5= & y Py ~ g2z < NG .
s L = = g g =L~ = = g g
0 0,556 3,253 0 0,668 3,253

200 0,495 3,316 200 0,492 3,443

400 0,483 3,329 400 0,403 3,549

600 0,482 3,330 600 0,350 3,613

800 0,483 0,668 3,329 4,95 800 0,556 0,321 3,650 4,95

1000 0,483 3,329 1000 0,303 3,674

1200 0,483 3,329 1200 0,292 3,688

1400 0,484 3,328 1400 0,285 3,698

1600 0,484 3,328 1600 0,273 3,713

Figure 9 shows a graph of the dependence of the re-
duced resistance to heat transfer of the attic floor on the
increase in the length of the insulation.
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Figure 9 — The graph of the dependence of the re-
duced resistance of heat transfer of the attic floor

on the increase in the length of the insulation

Result for option 2.

1 Additional insulation of the inner surface of the
outer wall of the cold attic does not allow to achieve the
normalized value of thermal protection for the attic
floor.

2. The optimal increase in the length of the insulation
is 400 mm.

Figure 10 shows a graph of the dependence of the re-
duced resistance to heat transfer of the attic floor on the
increase in the length of the insulation.

Rzred, m*K/W
3,8
3.7 1
3,6

35 1

o] 200 400 600 800 1000 1200 1400 1600

{, mm

Figure 10 — The graph of the dependence of the re-
duced resistance of heat transfer of the attic floor
on the increase in the length of the insulation

Result for option 3.

1. Additional insulation of the inner walls of the cold
attic does not allow to achieve the normalized value of
thermal protection for the attic floor.

2. The optimal increase in the length of the insulation
is 1200 mm.
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Option 4. Insulation of the outer wall on the outer and
inner surface above the level of the top of the attic floor
insulation.

Raising the insulation above the level of the top of the
attic floor insulation was taken as a multiple of 200 mm.
The determination of the reduced heat transfer re-
sistance of the attic floor was performed on the basis of
calculations of the temperature fields of node 1 and
node 2. The temperature field of node 2 is constant.

The calculation results of the reduced resistance of
heat transfer of the attic floor are shown in table 4

Table 4 — Calculation results of the reduced heat
transfer resistance of the attic floor

Option 5. Insulation of the outer wall on the outside and
the inner wall above the level of the top of the attic floor
insulation.

Raising the insulation above the level of the top of the
attic floor insulation was assumed to be a multiple of
200 mm.

The values of the linear heat transfer coefficient k
will be the same as in option 1, and the coefficient k,
as in option 3.

The calculation results of the reduced resistance of
heat transfer of the attic floor are shown in table 5.

Table 5 — Calculation results of the reduced heat
transfer resistance of the attic floor

é) L ~ ~ fgj Qo ~ ~
DE g = ¥ 2.2 0Z g S - S
.ggga 4 g « E Ex g X E°F% g o g < E E £
SEEF| X | X £ | e SEEF| U2 || e | S
5 & & g | ¥g 5 g & = = o
R = = 2587 = = £ £
0 0,556 3,253 0 0,556 0,668 3,253

200 0,452 3,363 200 0,508 0,492 3,498

400 0,378 3,445 400 0,487 0,403 3,633

600 0,348 3,480 600 0,477 0,350 | 3,716

800 0,329 0,668 3,503 4,95 800 0,473 0,321 3,760 4,95

1000 0,317 3,516 1000 0,472 0,303 3,786

1200 0,310 3,525 1200 0,471 0,292 3,803

1400 0,305 3,531 1400 0,470 0,285 3,814

1600 0,294 3,545 1600 0,470 0,273 3,831

Figure 11 shows a graph of the dependence of the re-
duced resistance to heat transfer of the attic floor on the
increase in the length of the insulation.

Rzred, m*K/'W
36
3,55 -
3,5
3,45
3,4
3,35
33
3,25
3,2

3,15 - ! I ! ! { l
31 7 T t ; ; 1 ; i
O 200 400 600 800 1000 1200 1400 1600 oMM
Figure 11 — The graph of the dependence of the re-
duced resistance of heat transfer of the attic floor

on the increase in the length of the insulation

Result for option 4.

1. Additional insulation of the inner and outer surface
of the outer wall of the cold attic does not allow to
achieve the normalized value of thermal protection for
the attic floor.

2. The optimal increase in the length of the insulation
is 1200 mm.

Figure 12 shows a graph of the dependence of the re-
duced resistance to heat transfer of the attic floor on the
increase in the length of the insulation.
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Figure 12 — The graph of the dependence of the re-
duced resistance of heat transfer of the attic floor
on the increase in the length of the insulation

Result for option 5.

1. Additional insulation of the inner walls of the cold
attic does not allow to achieve the normalized value of
thermal protection for the attic floor.

2. The optimal increase in the length of the insulation
is 1000 mm.
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Option 6. Insulation of the outer wall from the inside
and the inner wall above the level of the top of the attic
floor insulation.

Raising the insulation above the level of the top of the
attic floor insulation was assumed to be a multiple of
200 mm.

The values of the linear heat transfer coefficient k;
will be the same as in option 2, and the coefficient k,
as in option 3.

The calculation results of the reduced resistance
of heat transfer of the attic floor are shown in

table 6.

Table 6 — Calculation results of the reduced heat
transfer resistance of the attic floor

Option 7. Insulation of the outer wall on the inside
and outside and the inner wall above the level of the top
of the attic floor insulation.

Insulation was taken from the same insulation as on
the main wall. The thickness of the insulation was as-
sumed to be the same (150 mm). Raising the insulation
above the level of the top of the attic floor insulation
was assumed to be a multiple of 200 mm.

The values of the linear heat transfer coefficient k,
will be the same as in option 4, and the coefficient k,
as in option 3.

The calculation results of the reduced resistance of
heat transfer of the attic floor are shown in table 7.

Table 7 — Calculation results of the reduced heat
transfer resistance of the attic floor

28 o o| = | -z £z = d oz - 3
£%52e| sf | s&| E¥ | E% ES2e | 2 £ | 4 4 E 2 E S
5825 S | Y| £a | S 582 | S | 3 O] S o
2 8 E 2 = g g 2 5E = e £

0 0,556 0,668 3,253 0 0,556 0,668 | 3,253

200 0,495 0492 | 3514 200 0,452 | 0492 | 3,566

400 0,483 0,403 | 3638 400 0,378 0,403 | 3,778

600 0,482 0,350 3,709 600 0,348 0,350 | 3,896

800 0,483 0,321 | 3746 4,95 800 0,329 | 0,321 | 3,968 | 4,95

1000 0,483 0,303 | 3771 1000 0,317 | 0,303 | 4,014

1200 0,483 0,292 | 3786 1200 0,310 | 0,292 | 4,042

1400 0,484 0,285 | 3,795 1400 0,305 0,285 | 4,061

1600 0,484 0,273 | 3811 1600 0,294 | 0,273 | 4,098

Figure 13 shows a graph of the dependence of the re-
duced resistance to heat transfer of the attic floor on the
increase in the length of the insulation.
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Figure 13 — The graph of the dependence of the re-
duced resistance of heat transfer of the attic floor
on the increase in the length of the insulation

Result for option 6.

1. Additional insulation of the inner walls of the cold
attic does not allow to achieve the normalized value of
thermal protection for the attic floor.

2. Insulation of more than 1200 mm is inefficient.

Figure 14 shows a graph of the dependence of the re-
duced resistance to heat transfer of the attic floor on the
increase in the length of the insulation.
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Figure 14 — The graph of the dependence of the re-
duced resistance of heat transfer of the attic floor
on the increase in the length of the insulation

Result for option 7.

1. Additional insulation of the inner walls of the cold
attic does not allow to achieve the normalized value of
thermal protection for the attic floor.

2. Insulation of more than 600 mm is inefficient.
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Option 8. Increasing the thickness of the attic floor in-
sulation.

The increase in the thickness of the attic floor insula-
tion was taken as a multiple of 20 mm.

The calculation results of the reduced resistance of
heat transfer of the attic floor are shown in table 8.

Table 8 — Calculation results of the reduced heat
transfer resistance of the attic floor

5]
g2 e | 2| =z -z
.S . ot S s <
EOoE g ey = S g
SEE g ~ 2N géq - =
SR ~ ~ ~ o N
2E8F = = E E
0 0,556 0,668 3,253
20 0,553 0.649 3.452
40 0,549 0.630 3.648
60 0,546 0.613 3.834
80 0,543 0.597 4.014
100 0,541 0.580 4.191 4,95
120 0,539 0,566 4.359
140 0,538 0,551 4.523
160 0,535 0,537 4.687
180 0,534 0,525 4.840
200 0,533 0,511 4,994

Figure 15 shows a graph of the dependence of the re-
duced resistance to heat transfer of the attic floor on the
increase in the length of the insulation.

Result for option 8.

Increasing the thickness of the insulation on the attic
floor by 200 mm (up to 400 mm) allows to achieve the
normalized value of thermal protection for the attic
floor.

Rzred, m*K/W

=2e

0 20 40 60 80 100 120 140 160 180 200
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Figure 15 — The graph of the dependence of the
reduced resistance of heat transfer of the attic floor
on the increase in the length of the insulation

But this option of insulation is economically imprac-
tical as it requires a significant increase in the volume
of insulation. It is more preferable to use the optimal
options for additional insulation of external and internal
walls within the mountain while reducing the thickness
of the insulation on the attic floor. In this case, the re-
duced resistance to heat transfer of the attic transmis-
sion should be the closest in terms of the normal value.

The research results are shown in Table 9.

As can be seen from Table 9, the smallest volume of
insulation equal to 7.09 m® per meter of running floor
structure is achieved by increasing by 1 m the height of
insulation of the outer wall on its outer surface and in-
sulation of internal capital walls by 1.2 m from the level
of insulation attic floor.

Table 9 — The cost of additional insulation of the cold attic (per 1 m of attic width),
ensuring compliance with thermal protection

Additional insulation, m?

Total amount of

Variant Outer surface Inner surface of additional insu-
of the external the external Interior walls Attic floor lation

walls walls

1 0,186 7,478 7,664
2 0,06 7,872 7,932
3 0,624 6,691 7,315
4 0,312 0,312 6,691 7,315
5 0,264 0,528 6,298 7,09
6 0,318 0,636 6,691 7,645
7 0,204 0,084 0,648 6,298 7,334
8 7,872 7,872
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Conclusions

1. The value of thermal protection of the existing ex-
ternal enclosing structures of the educational building
does not meet the standards.

2. Not taking into account heat-conducting inclusions
leads to an overestimation of the actual resistance to
heat transfer of the attic floor of the educational build-
ing by 35.8%.

3. The smallest amount of insulation of the cold attic
of the educational building is 7.09 m® per 1 meter of the
attic length. This amount of insulation is achieved when
the thickness of the insulation on the attic floor is 320
mm, the height of the insulation of the outer wall along
the outer surface is increased by 1 m and the surfaces
of the internal capital walls are warmed to a height of
1.2 m from the bottom of the insulation of the attic
floor.
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