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Abstract: This article containsreasoning of the heat transfer
performance uniformity factor determination for attic floors of historic
residential buildings while energy effective modifying buildings. The
numeral value of this heat transfer performance uniformity factor for the
wooden attic floor structure was found during investigation. It was
estimated that there was no moisture condensation in the wooden attic floor
structure.

Energy efficiency modifying of residential historical buildings should
imply the principle of highest possible preserving historical engineering
structures of a building.

The studied structure solution of the attic floor thermal insulation
using modern efficient thermal insulation materials enables to exclude the
risk of condensate formation in layers of a wooden floor being preserved.
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Problem statement. Energy efficient reconstruction of
historic buildings is a peculiar challenge because of being connected
with the necessity of highest possible preserving of historical
engineering structures and valuable historic interiors. Warming of
enclosure structures of historic buildings became necessary on a
regular basis only in the latest two decades because of standards
tightening for building energy usage.

Analysis of the recent researches. It influenced on lots of
scientific researches dedicated to this problem [1-10]. This scientific
research is dedicated to special aspects of attic floor warming in
historic buildings.
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Article purposes are special aspects of attic floor warming in
historic buildings.

The main part. The reconstruction of wooden attic floor with
historical ceiling preserving.

Warming of attic floors is a traditional measure being part of
energy effective modifying of historic residential buildings.
According to nature surveys, wooden beams being part of attic floor
structure are often in satisfactory state and can be maintained.

The solution of wooden attic floor reconstruction with existing
historical ceiling preserving and thermal insulation replacement are
described below. Structure solution of the attic floor is shown on
Figure 1.

)
e

Fig.1. Structure solution of the wooden attic floor
1 — plastering; 2 — sheathing of boards; 3 — vapor insulation;
4 — thermal insulation PAROC eXtra;, 5 — wooden floor beams
100x200 mm with 600 mm pitch; 6 — thermal insulation PAROC WAS 35t

Determination of the heat transfer performance uniformity
factor for attic floors of historic buildings.

The thermotechnical calculation of the determined structure
was executed in Kiev climate conditions. Inside air temperature
+20°C, outside air temperature -22 °C were taken into account for
the calculation. Reduced ther mal resistancere quiredis 4.95 -°C/W
[11].

According to the calculations, thermal resistance of the
thermal insulation over the sheathing is R, = 6.984 m?-°C/W and in
the cross-section in the middle of the beam is R, = 3.333 m*-°C/W.

The beams in the floor structure are a thermally conductive
inclusion.
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The temperature pattern was calculated in the software
application “ELCUT” with the design outdoor temperature for the
heat transfer performance uniformity factor determination (Fig.2).
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Fig.2. Temperature pattern (a) and spread of thermal flows
(b) in the attic floor structure
The heat transfer performance uniformity factorr is a non-
dimension value equaling the ratio of the heat flow through the
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section of a heterogeneous enclosure structure to the heat flow
through the conditional homogenous enclosure structure with the
same surface area as the section. During the calculation a value of
the heat transfer performance uniformity factor of the enclosure
structure was found (#=0.806). The heat transfer performance
uniformity factor included the beam influence.

Reduced thermal resistance of the attic floor

R” =R -r,m’-°C/W, (1)

whereRn isthermal resistance of the homogeneous enclosure

structure,m*-°C/W
Thermal resistance of the homogeneous enclosure structure
1 s 1 2.0
Ro=*+24+*’m C/W, 2)
8 /1[ au
where &, is a heat transfer coefficient of the inner surface of
the enclosure structure, W/(rnz‘oC);

z—i is a sum of layer resistances of the enclosure structure
W/(m*-°C);

« is aheat transfer coefficient of the outer surface of the
enclosure structure, W/(m*-°C);

Reduced thermal resistance of the studied wooden attic
floor R”” =6,984-0,806 = 5,629 m’-°C/W.

The risk of condensate formation. Following the calculation
of the temperature pattern, the temperature change on the axis of the

beam was determined and the scheme of the humidity conditions of
the floor structure without vapor barrier was constructed (Fig.3).
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Fig.3. Scheme of attic floor humidity conditions at the design temperature
of outside air -22°C (from left to right — from the inside surface to the
outside surface of the floor)

Lines e (the line of partial pressure of saturated steam, Pa) and
E (the line of saturated steam pressure change, Pa) do not cross at the
design temperature of 22 °C,which means that there is no moisture
condensation in the attic floor in this case [12].
Thefloorisdrawnonascaleofvaportransmission ~ resistances  (R,,,
m*-h-Pa/mg ).

Conclusions.

1. Energy efficiency modifying of residential historical
buildings should imply the principle of highest possible preserving
historical engineering structures of a building.

2. The studied structure solution of the attic floor thermal
insulation using modern efficient thermal insulation materials
enables to exclude the risk of condensate formation in layers of a
wooden floor being preserved.

3. The calculation of the temperature pattern and thermal
flows of the floor structure in the software application “ECULT”
evidentiated the necessity of the heat transfer performance
uniformity factor consideration while executing thermotechnical
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calculations. The value of the heat transfer performance uniformity
factor for the wooden attic floor including beam influence was
determined, 7 = 0,806.
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Annomayus:
Mypeyn  B.  Cneyuanvuvle  acnekmuvl  ymenaeHus
MAHCAPOHO20 IMAXHCA € UCHMOPUYECKUX Oomax. Dma cmamovs
codepoicum obocHoeanue onpeoeenus K03 puyuenma

00HOpOOHOCMU — mMenionepedauu 01  MAHCAPOHbIX — dmadicell
UCMOPUYECKUX JICUTLIX 30aHUll, 8 npoyecce 3HepeodIPPeKmusHol
Mmoougurayuu 30anutl. Bo epems uccredosanus Oviio onpedeneHo
YuUCn080€e 3HaYeHuUe Koaghuyuenma 00HOPOOHOCMU
Xapakmepucmuxk menionepeoauu Oisl 0epeIHHO20 YepOauH020
nepexkpvimus. bviio noocuumano, 4mo 6 0epeGaHHOlU MAHCAPOHOILL
KOHCMPYKYUU He BO3HUKAEm KOHOEHCam.

Hzmenenue s1epeodhhexmuenocmu  HCUNbIX UCHOPULECKUX
30aHUll  OONNCHO — NOOPA3YMEBAmb  NPUHYUN — MAKCUMATbHO
B03MOMACHO2O coxpaHeHus. UCTNOPULECKO20 UHIICCHEPHO20
000pydosanus 30anusl.

H3yuenue npuemog peuwienus meniouzonayuy MancapoHo2o
omanxca ¢ UCHOML30BAHUEM — COBPEMEHHbIX  9¢hPeKmueHvix
MenIoU30IAYUOHHBIX MAMEPUATIO8 NO3BOJSEM  UCKTIOUUMb  PUCK
00pa306anus. KOHOEHCAMA 6 COXPAHUBUIUXCS CNOSIX OEPEeBIHHO20
noaa.
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Kniouesvie cnosa: ucmopuueckoe 30anue, MaHCcaApOHbvil
amaic, menyiou30aaYus, K02hpuyuenm PABHOMEPHOCU
menionepeoayu, peKOHCMpyKyus.

Anomayis:

Mypzyn B. Cneuianvni acnekmu ymenjieHHA MAHCAPOHO20
noeepxy 6 icmopuyHux 0yOuHKax

Iln  cmamma wmicmumb  3aysacu w000  BUIHAYEHHS
Koe@iyienma pieHoMIpHOCII Menionepedayi 01 20puly iCMOPUYHUX
olcumaosux OyOUHKIE 6 npoyeci eHnepzoegekmusHoi mooughikayii
oyoigenv. Yucenvne 3nauenns ybo2co Koe@iyicuma menionepeoaui
OOHOPIOHOCMI 011 KOHCMPYKYIL NiONo2U 0epes'siHo20 MAHCApOHO20
nosepxy Oyio guseieHo 8 xo0i docriddicenus. Byno niopaxoeano, wo
He BUHUKAE KOHOeHCayil 80n02U 8 KOHCMPYKYIi nioo2uU.

Enepeoepexmusna  mooughikayis  scumnosux — icmopuyHux
0ydigenb  NOBUHHA Mamu HA  Y6A3i NPUHYUN  MAKCUMATLHO
MOJHCIUBO2O 30epediCeHHs ICMOPUUHO20 [HHCEHEPHO20 O001A0OHAHHA
6yoiani.

Busuenns nputiomie eupiutenHs cmpykmypu mennoizonayii
nepeKkpumms Mancapou 3 BUKOPUCHMAHHAM CYYACHUX eheKmMUBHUX
Menaoi3oNAYIUHUX ~ Mamepianié  00360J€  BUKTIOYUMU — PUSUK
VMBOpEeHHs KOHOeHcamy 6 wapax oepeg'sinoi  nioiosu, wo
30epicacmuvcs.

Kurouosi _crnosa: icmopuuna 6ydiens, mancapouuii nosepx,
mennoizonsayisa,  Koegiyienm — egexmusHocmi  menionepeoaui,
PEKOHCMPYKYIA.
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