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HEAT TRANSFER PERFORMANCE UNIFORMITY
FACTOR FOR THE BASEMENT FLOOR MADE OF BRICK
VAULTS IN RESIDENTIAL HISTORIC BUILDINGS

Abstract: The paper exposes the calculation of Heat transfer
performance uniformity factorfor the basement floor made of brick vaults in
residential historic buildings. It was determined that the temperature
pattern on the floor surface of the premise could be characterized as
uniform one. Heat transfer performance uniformity factor for the
considered basement floor design can be ignored during the
thermotechnical calculations. Thermal resistance calculation is performed
for the overlap structure with the smallest thickness
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Problem statement. Energy efficient reconstruction of
historic buildings is usually accompanied by a heat insulation of the
building envelope. If the basement is unheated, theproblemof the
basement floor insulation comes up (in the case of proven need). The
paper exposesthe determination thermotechnical uniformity
coefficient for the basement floor over steel beams with brick vaults
filling.

Analysis of the recent researches. The result of this study
can be used for designing the insulation of basement floors in
historic buildings [1-4].

Article purpose is heat transfer performance uniformity factor
for the basement floor made of brick vaults in residential historic
buildings.

The main part. Basement floor structures. In residential
buildings built in the late XIX — early XX centuries, the most
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common basement floor structure was the slab over steel beams
(Fig.1) [5]. Filling between the beams can consist of the following
structures (Fig. 2, 3) [6, 7]:

—of the brick vaults with a thickness of 1/4 — 1/2 bricks
(Fig.2,a);

— concrete (Fig. 2, b) or reinforced concrete vaults with a 7-8
cmthickness;

— of flat reinforced concrete fillings with haunches (Fig.2, c),
and without (Fig.2, d).

O
Fig.1. a), b) Floor slab in the form of vaults over the steel beams [5]

The first of the abovementioned types of floor structures is one
of a frequentoccurrence [5]. In order to analyze the temperature field,
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the floor structure described in [7] (Fig.3). Spacing between the
beams is assumed as 1.2 m.
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Fig.2. Basement floor structures [6].
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Fig.3. Vaults over the steel beams [7]

Determine the heat transfer performance uniformity factor for
the basement floor.

In order to determine the heat transfer performance uniformity
factor temperature field calculation was performed as well as the
calculation of heat flows in floor structure according to the
“ELCUT” programfor the reference temperature of the internal air of
20° C and the air temperature in the cellar2° C (Fig.4).

Heat transfer performance uniformity factor?'is a
dimensionless index, numerically equal to the ratio of heat flow
through a fragment of inhomogeneous building envelope structure to
the heat flow through the conventional homogeneous envelope
structure designs with the same surface area as that of the fragment.

As a result of the calculation the value of the heat transfer
performance uniformity factor the building envelope was

determined, taking into account the impact of beams, —# =1. As a
conventional homogeneous building envelope structure the thinnest
floor structure between the beams is considered.

The specific thermal resistance of the basement floor:

R?P =R,-r=R,,m*-°C/W, )
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where R is the thermal resistance of homogeneous building

envelope structure which was determined for the thinnest floor
structure, m?-°C/W.

It should also be noted that the considered basement floor
structure above provides uniform temperature field on the floor
surface in the room (Fig.4, a).
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Fig.4. Temperature field (a) and distribution of heat flows
(b) in the structure of the attic floor
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Conclusions. 1. The heat transfer performance uniformity
factor for the basement floor made of brick vaults in residential
historic buildings was determined. The heat transfer performance
uniformity factor for the considered basement floor structureis
assumed as 1 for the thermal calculation. Calculation of floor thermal
resistance is performed for the structure type with the smallest
thickness.

2. It wasdetermined that the temperature field on the floor
surface in the premises is homogeneous.
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Anomauyisa:

Mypeyn B. Koegpiyienm pisnomipnocmi mennonepeoaui 0ns
UeNANUX CKIeniHb Ni08ANLHUX NO0BEPXI6 6 MHCUMIIOBUX ICMOPUYHUX
oyoiensx.

Cmammsi  noxkazye po3PaxyHoK KoepiyicHma  pieHOMIpHOCHI
mennonepedaui 015 Ye2lAHUX CKIeNiHb NIOBAIbHUX NOGEPXI6 6 HCUMJIOBUX
icmopuunux 6yodiensix. Byno ecmanogieno, wo memnepamypHull pexicum Ha
NOBepXHI NepeKpumms MOJICHA O0XApaKmepu3yeamu 5K pIiGHOMIPHULL.
Koeghiyienm pienomipnocmi mennonepedaui 0nst  0aHoi KOHCMPYKYID
nionoeu niogany modxce Oymu NPOICHOPOBAHUL NIO HAC MENAOMEXHIYHUX
po3paxyukie. Po3paxyHok menionepeoayi 6UKOHYEMbCA Ol CIMPYKMYpu
nepekpumms 3 Haumenworo moswunor. Koegiyicum pignomipnocmi
mennonepedayi 015 0anoi KOHCMPYKYIi niodaioau niosany NpuliMacmscs K
1 017 menno6o2o po3paxyHky.

Kmouosi  cnosa:  icmopuuna  6y0iens,  YOKOIbHULL — NOGEPX,
enepeoeghekmuenull,  pekoHcmpykyis, — mennonepedaua  Koegiyienm
PisHOMIpHOCMI menionepeoaui.

Annomayus:

Mypzyn B. Koygppuyuenm pasrnomepnocmu mennonepeoayu 0ns
KUPRUYHBIX CB0006 NOOBANBLHBIX IMAINCE 8 MHCUTBIX UCHMOPUYECKUX
30aHUAX.

Cmamopsa nokasvieaem pacuem KodQ@duyueHma pasHOMEpHOCHU
mennonepedauy O KUPHUYHBIX C80008 NOOBANLHBIX IMANHCEU 8 HCUTBIX
ucmopuyeckux 30auvuax. bwvino ycmawnoenemo, umo memmnepamypHuii
Ped*CUM HA NOBEPXHOCU NePeKPbIMUs MOXMCHO O0XAPAKMepu308ams Kax
pasrnomepnvitl.  Koagpduyuenm pasnomepnocmu mennonepedauu  Ojis
OQHHOU KOHCMPYKYUU NOAA NOOBANA MONCEm Obimb NPOUSHOPUPOBAH NPU
meniomexnHuyeckux paciemax. Pacuem menionepedauu evinoninsemcs 0as
CmMpYKmypol nepekpulmus ¢ Haumenvutell momyunol. Kos@guyuenm
pasHomepHocmu menionepedadu 0 OAHHOU KOHCMPYKYUU NOJA NO06ANd
npunumaemcs kax 1 0nss meniogozo pacuema.

Kniouesvie cnosa: ucmopuueckoe 30anue, YOKONbHbIL 2MANKC,
OHEP2OIPEKMUBHO,  PEKOHCMPYKYUS,  menionepeoaya, Kodppuyuenm
PAasHOMepHOCMU menionepeoayu
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