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The article presents the experience of developing engineering solutions for the restoration and preservation of cold pitched attic
structures on the example of a historic building in Poltava. A preliminary design solution for the thermal modernization of the
attic floor was analyzed, which included the placement of mineral wool insulation in the attic in accordance with requirements
of DBN V.2.6-31:2016 with a thickness of 250 mm. Increasing the thickness of the insulation to modern requirements for
energy efficiency on a reinforced concrete floor could lead to a decrease in the temperature in the attic, which, in turn, would
not contribute to the melting of snow on the roof, which occurred in the last 70 years of the building's operation. A possible
increase in snow load along with cooling of the steel truss elements to -20°C can cause brittle fracture of truss elements made
of boiling steel. The thickness of the insulation along the attic floor should be taken no more than 100 mm in order to reduce
transmission heat losses and maintain a positive temperature in the attic space.

Keywords: attic floor, insulation, temperature and humidity conditions
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B crarri npexacraBieHo J0CBig po3poOKH IHKEHEPHUX PIIICHB 3 BiIHOBICHHS Ta 30€peKeHHS] KOHCTPYKIIH XOJIO0XHOTO CKaT-
HOTO TrOpUIlia Ha NpHKIIazl icropraroi Oyisii B M. [Tonrasa, siki JO3BOJIATH MOIEPEANTH BTPATY HECYUOI 31aTHOCTI KOHCTPY-
KIii Ta yHUKHYTH TEIUIOBHX BiIMOB Y FOPHIIHOMY IPOCTOPi. Byo BUKOHAaHO OOCTEXEHHS HECYYHX Ta OTOPOKYBAIBHHX
KOHCTPYKII{f FOpHIIA, HECYYMMH KOHCTPYKLISIMH TIOKPUTTS € CTasieBi GepMu, SIeMEHTH SIKHX 3’ €/IHAHI 3a JOMOMOTO0 3aKJie-
NOK. 3a yac eKcIulyarauii NpaKTU4HO KOXKHa 3 (epM 3a3Hana 3HaYHUX AedopMaliiil OKpeMUX eleMeHTIiB, IMOBIpHille 3a Bce
i gac noxexi y 1943 por, siki Oynu JtokaneHo mifcuineni. s nopansioi Oe3aBapiiiHoi ekciutyarauii craneBux Gpepm mo-
KPUTTs OyJI0 PEKOMEHI0BAaHO aHTHKOPO3iliHy 00pOOKY BCiX BiJKPUTHX CTAJICBUX CJIEMEHTIB MOKPUTTS, BUKOHAHHS CTPaxyBa-
JIBHOTO MiJICHJICHHSI COMPAHHS Ha HIDKHIM mosic depM 30ipHUX 3a1i300eTOHHUX HAOIPHHUX IUIUT, IPUOUpPAHHS CTAPOTO yTel-
JIF0BayYa 3 TOPHIIHOTO HEepeKpUTTs byio npoananizoBaHo monepeiHe NPOSKTHE PillleHHs TePMOMOJIEpHi3allil TOPUIIHOTO Iie-
PEKPHUTTS, sSIKE BKIFOYAIO PO3MIIICHHSI MIHEpAIOBATHOTO YTEILTIOBaYa Ha ropuili 3riqHo sumor JIbH B.2.6-31:2016 ToBmu-
HOI0 250 MM. 30UTBIICHHS TOBIMHY YTEIUIIOBAYa JI0 Cy9aCHUX BUMOT 3 €Heproe()eKTHBHOCTI Ha 3a1i3006 TOHHOMY NTePEKPHUTTI
MOTIJIO TIPUBECTH JI0 3HIKEHHS TEMIIEPAaTypH Ha TOPHILL, 1110, B CBOIO Yepry, He Oy/e CIPUITH TAHCHHIO CHITY Ha MOKPIBIIi, sIKe
BinOyBanocs ocranHi 70 pokiB ekcIuryaTarii OyaiBii. MoxJimBe 30UIbIICHHS CHIFOBOTO HAaBAHTAXXEHHS Pa30M i3 0XOJIODKEH-
HSIM CTaJleBHX eleMeHTiB pepmu 110 -20°C MOsKe BUKITMKATH KPUXKE PYHHYBaHHS €IEMEHTIB ()ePMHU, BUTOTOBJIEHHX 3 KUILISIOT
crani. TOBUIMHY yTerioBaya 10 TOPHIIHOMY NEPEKPHUTTI CJIiJ NpUiHATH He Oiibire 100 MM 3 METOIO 3MEHILICHHS TPAHCMi-
CIfHMX TEIUIOBTpAT Ta MiATPUMAaHHS O3UTHBHOI TEMIIEpaTypH y TOPHIIHOMY pocTopi. Takox Asst 30epekeHHs iCHYI040ro
TEIJIOBOJIOTICHOTO PEXUMY FOPHUIIHOTO MPOCTOPY PEKOMEHIYEThCS BiJTHOBUTH aepauiiiHi [IIJIMHA HAa PiBHI KAPHU3IB Ta rpe-
0eHeBOT IITaHK.

Koio4oBi c10Ba: ropuIHe NEpeKpUTTS, YTEIUICHHS, TEMIIEPaTypPOBOJIOTICTHHI pexXuM
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Introduction

Recently, historical buildings older than 100 years
have become objects of restoration. But not a profes-
sional approach to conducting a technical survey of a
building and developing project documentation in most
cases leads to a loss of performance characteristics of
structures.

The article presents the experience of developing en-
gineering solutions for the restoration and preservation
of cold-pitched attic structures on the example of a his-
toric building in the city of Poltava, which made it pos-
sible to prevent the loss of the bearing capacity of struc-
tures and avoid thermal failures in the attic space.

Review of the research sources and publications

The issues of surveying the structures of historical
buildings and making decisions regarding measures for
the reconstruction of buildings, including roofs and at-
tic spaces, were considered in [1-4]. The reconstruction
of historical buildings from an energy-efficient point of
view is considered in detail in [5]. Features of the tem-
perature and humidity regime of the attic space and its
influence on structures are considered in [7-8]. To de-
termine the actual temperature and humidity regime of
the attic space, the authors in the work [6] performed
monitoring of changes in temperature and humidity and
their distribution in space. For flat roofs, the authors
carried out surveys and gave recommendations for re-
pair and reconstruction in [9-10].
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Definition of unsolved aspects of the problem

When restoring historical buildings, modern means of
insulation, which are typical for new construction, can-
not be used. It is not only about external enclosing
structures that are the object of protection, but also
about structures that do not have architectural or histor-
ical value. For example, the attic floor or the foundation
zone of a building can be insulated, but only after stud-
ying the thermal and moisture regime of structures in
the existing operating mode and modeling the thermal
and moisture regime after thermal modernization.
When performing restoration work, there are many
cases when insulation led not only to thermal failures
in the structure, but also to a loss of bearing capacity.

Problem statement

The purpose of the work is to analyze the temperature
and humidity regime of the attic space and simulate it
after the insulation of the attic floor of the building, to
prove the need for an individual approach to the devel-
opment of measures for insulation in historical build-
ings.

Basic material and results

The historic building was built in 1902-1908 in the
style of Ukrainian modern. During the Second World
War in September 1943, the building was looted
and burned (Fig. 1). The building was restored only
in 1964.

S e i

Figure 1 — Metal roofing trusses of a historic building after a fire
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The need to determine the technical condition of the
metal trusses of the ceiling of a part of the building
arose in connection with the reconstruction work.
The area covered by the building with an overall dimen-
sion of 23.5x12.5m was subject to survey.
From the inside of the room (from the hall), the exam-
ined section of the coating looks like a concrete vault
with a span of about 12 m with a lifting boom of about
2.25m with a translucent lantern measuring
4.55 x 8.0 m in the middle part of the hall (Fig. 2). The
curvature of the concrete vault along the width of the
span (width of the room) is different; closer to the bear-
ing longitudinal walls, the curvature increases.

The visual survey was preceded by the collection of
data on the architectural, planning, and structural de-
sign of the building, as well as familiarization with the
technical and reference documentation of analogue
buildings and structural elements. When examining the
technical condition, in addition to examining structures
and elements, detecting visible defects and damage,
measurements of violations of geometric dimensions,
drawing up diagrams, sketches, photographing damage,
cracks, steel corrosion, mechanical and physical dam-
age to structures, existing strengthening of damaged
structures were carried out.

The load-bearing structures of the hall cover are steel
trusses, the elements of which are connected with riv-
ets. According to visual inspection, steel trusses have
been preserved in almost original form since the con-
struction of the building - approximately in 1908. Over
the years of operation, almost each of the trusses has

undergone significant deformations of individual ele-
ments. Most likely, the deformations occurred during a
fire inside the building in 1943, as evidenced by the his-
torical information and photographs of that time pro-
vided by the Customer. Separate deformed truss ele-
ments were locally reinforced. A general view of the
steel structures of the coating at the time of the survey
is shown in Figure 3.

The technical survey included the execution of draw-
ings of each truss (Fig. 4), fixing defects, damages, and
strengthening of its elements, instrumental studies, and
verification calculation of the bearing capacity of metal
structures.

Recommendations for the further trouble-free opera-
tion of steel roof trusses included anti-corrosion treat-
ment of all exposed steel elements of the roof, the im-
plementation of safety strengthening for supporting
precast concrete slabs on the lower belt of trusses, and
the removal of old insulation from the attic floor.

It was necessary to determine in more detail the res-
toration of the heat and moisture regime of the attic
floor since the preliminary design solution included the
placement of mineral wool insulation in the
attic in accordance with modern requirements of
DBN V.2.6-31:2016 [12] to minimize heat loss. From
the standpoint of energy efficiency, the maximum insu-
lation of the attic floor is the right decision. In most his-
torical buildings, this is perhaps the only possible meas-
ure to reduce energy costs for heating, since other
building envelopes are the object of protection.

Figure 2 — General view of the ceiling of the hall from below from inside the room
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Figure 3 — General view of the steel structures of the roof of the hall at the time of the survey:
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But at this facility, given that the steel structures of
the roof are made of boiling steel, it is not recom-
mended to change the existing temperature regime for
the operation of the attic. The production method of the
rolled steel used for coating structures is not known for
certain. To determine the chemical composition of the
steel used and its physical and mechanical properties, it
is desirable to conduct chemical analysis and mechani-
cal testing of steel samples cut from unloaded frag-
ments of elements of the roof truss system. But for more
than 100 years of operation of metal structures, its frag-
ments were replaced and strengthened so many times
that everything had to be submitted for chemical anal-
ysis.

Increasing the thickness of the insulation to modern
requirements for energy efficiency on a reinforced con-
crete floor will lead to a decrease in the temperature in
the attic, which in turn will not contribute to the melting
of snow on the roof, which has occurred in the last 70
years of the building's operation. A possible increase in
snow load along with cooling of steel truss elements to
-20°C can cause brittle destruction of truss elements
made of boiling steel.

In connection with the above, the thickness of the new
insulation along the attic floor should be taken no more
than 100 mm in order to reduce transmission heat losses
and maintain a positive temperature in the attic space.
In the case of insulation of the attic floor in accordance
with the requirements of DBN V.2.6-31:2016 [12]
(up to 250 mm of insulation), condensation will form in
the nodes of the lower truss belt, accelerating metal cor-
rosion.

According to modern technology for covering a
pitched roof, it includes a waterproofing membrane,
which is an additional protection against climatic mois-
ture, but when it is installed, it is necessary to arrange

aeration holes. Old pitched roofs without a membrane
were ventilated due to the leaky roofing material - ce-
ramic tiles, asbestos-cement or metal sheets. Aeration
functions are also performed by dormer windows,
which, during repairs, are mistakenly closed with
metal-plastic windows or even dismantled. The design
of the attic roof of the building where the study was
conducted did not include dormer windows since con-
struction. Therefore, in order to preserve the existing
thermal regime of the attic space, it is recommended to
restore the aeration slots at the level of the cornices and
the ridge strip.

Conclusions

As a result of visual inspections, instrumental meas-
urements, and verification calculations of steel trusses
covering the hall of a historical building, the following
conclusions can be drawn:

1. Coating steel trusses due to corrosive wear, fire ex-
posure, deformation of elements, etc., are in state 3 "un-
suitable for normal use".

2. The results of the calculations show that the trusses,
taking into account significant corrosion damage (espe-
cially the closed lower belt) and strengthening, are on
the verge of exhausting the bearing capacity oma=167
MPa, which does not allow increasing the loads exist-
ing at the time of the survey.

3. When carrying out restoration work, it is not rec-
ommended to change the existing temperature and hu-
midity regime of the attic in order to prevent brittle
fracture of trusses made of boiling steel when the attic
cools and the snow load on the roof increases. There-
fore, it is impossible to insulate the attic floor in accord-
ance with modern energy efficiency requirements.
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