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KOKKUVOTE

Uurimisto6s hinnati kolmekihilise soojustatud poorbetoonpaneeli niiskustehnilist
toimivust Eesti kliimatingimustel ning kaardistati selle kasutuselevotul tekkida voivaid
probleeme. Poorbetooni ehitusmaterjalina iseloomustavad head soojusisolatsiooni
omadused, kerge tdddeldavus, kerge kaal, mittepdlevus ja homogeensus. Materjali
tootmisel tekkiv tehnoloogiline niiskus, suur veeimavus ja suur hiigroskoopsus voivad
aga pohjustada probleeme nagu kilmakahjustused, suurenenud soojusldbivusest
tingitud suurem kittevajadus ja viimistlemiseks liigniiske pinna tdttu ehitusaja

pikenemine.

Kilmasildade analltsimiseks koostati esmalt s6lmelahendused korterelamu ehitust
silmas pidades lamekatuse, kaldkatuse, vahelae, vundamendi, siseseina ja akna
liitekohtadele valisseinaga. Temperatuurivalja tarkvaraga Therm mudeldatud
sOlmelahendustes jaid temperatuuriindeksid vahemikku 0,84...0,86 ning akna sOlme
puhul 0,78..0,79. Kilmasilla joonsoojusldabivused olid enamjaolt vahemikus
0,01...0,08 W/(m-K). Uhe néitena mittetoimivast lahendusest toodi vundamendi sdIlm,
mille korral betoonist lintvundamenti kasutades toimivus ei olnhud tagatud ning
lahenduseks pakuti vundamendis kergkruusploki kasutamist. Solmelahenduste
toimivuse eelduseks on aga paneelide tapne monteerimine ja vuugikohtades veelekete
vdltimine. Lisaks teostati EVS-EN 13788 kohane valispiirde kondenseerumisriski
hindamine, mille jargi korgeim suhteline niiskus tarindis oli 91,5%. Ligikaudse
arvutusega hinnati ka korterelamu valisseinale tehtavate deformatsioonivuukide
suuruseks 10-15 mm. Samas soltub see vuugi elastsusest ja nduab tapsustamist.
Oluline oleks tulevikus maarata poorbetooni temperatuuri- ja niiskuspaisumise

koefitsendid mootmise teel.

Et simulatsioonide koostamiseks oleks vordlusbaas ehtsa poorbetooniga, maéaéarati
katseliselt Uhe Eestis laialt kasutatava ja eeldatavalt sarnase tihedusega poorbetooni
kuivtihedus ja maksimaalne niiskussisaldus ning vaadeldi kolme katsekeha
valjakuivamist kaalumise ja suhtelise niiskuse modtmise teel. Katsekeha tuli laoplatsilt
36% kaalulise algniiskusega, kuivas tasakaaluniiskuseni 6% ning erineva
katsemetoodika pohjal maarates oli maksimaalne niiskussisaldus 61...89% . Maarati ka
sorptsioonkdver. Katsetingimustele voimalikult sarnase simulatsiooni koostamisega
leiti valjakuivamist ja sorptsioongraafikut vorreldes, et kdige sarnasem poorbetoon on

Delphini tarkvara kataloogis nimega Cellular Concrete.

Niiskustehniliste analllside tegemiseks koostati arvutusmudelid nelja erineva
kaalulise algniiskuse (70%, 35%, 20% ja 5%) ning nelja erineva algusajaga.

Kolmekihilisele paneelile maarati korrigeeritud parameetritega vdliskrohv ja sisepahtel.



Kasutati kondensaadi ja hallituse testaastaid. Valiskooriku kiilmakahjustuste analtdsil
selgus, et kdige rohkem kilmumis-sulamistsiikleid saab arvutuskiht valiskrohvi ja
poorbetooni liitekohast 5...15 mm sligavusel. Jaa kullastustasemed on kdrged (le kogu
valiskooriku, kuid rohkem on koormatud valiskrohvi poolne osa. Maksimaalne
jaakdallastus oli 30% juures ja toimus kondensaadi testaasta korral 70% algniiskusega
jaanuarist alustades. 35% algniiskuse korral oli maksimaalne jaakdillastus 20%. Enim
purustavat jaad tekib selgelt jaanuari algusega simulatsioonides. Maksimaalse
algniiskuse korral ldheb vahemalt 1,5 kuud aega, et vee sisaldus poorides alla kriitilise
piiri jouaks. Kriitilise arvutuskihi simulatsioonid naitavad, et hoolimata madalast
algniiskusest tdusevad vee killastussisaldused hiljem ikkagi Ule kriitilise piiri ja samal
ajal esineb ka kilmumist ning jaa teket. Krohvikihi vajaliku veeimavuse téapsustamine

ja mdju hindamine vdiks olla Uks edasine uurimisteema.

Esimesel aastal vdib suuremast soojuslabivusest tingitud kittevajadus olla umbes 2,7
korda ning teisel aastal 1,6 korda suurem kui viiendal aastal. Sisekooriku pind on
hidroisolatsiooni paigaldamiseks sobilik 70% algniiskusega juba 2 kuu moéddudes ja
35% algniiskuse korral nadala médédudes juhul, kui hoone on koéetud.
Hldroisolatsiooni paigaldamise kriteerium on pinnaniiskus alla 90%. Peale
hldroisolatsiooni paigaldamist tduseb aga juba jargmisel pdeval hiidroisolatsiooni taga
suhtelise niiskuse tase soltumata algniiskusest ca 97% juurde. Kas ja millist kahju see
pohjustab, vajaks tdiendavat anallilisi. Marja ruumi seina mudelite koostamisel
kasutati sisepinna veeauru difusioonitakistusena hidroisolatsiooni ja keraamiliste

plaatide kihil vaartust Sq¢=2,8m.



SUMMARY

In the present thesis, the hygrothermal performance of a three-layer insulated
autoclaved aerated concrete panel in Estonian climatic conditions was evaluated.
Aerated concrete construction material is characterized by good thermal insulation
properties, easy workability, light weight, non-combustibility and homogeneity.
However, the technological moisture, high water absorption and high hygroscopicity of
the material during production can cause problems such as frost damage, increased
heating requirements due to increased thermal transmittance and extended

construction times due to excessively moist surfaces.

In order to analyze the thermal bridges, technical drawings were first prepared
considering the construction of the apartment building. Solutions were modeled with
the Therm software of the temperature field, the temperature factors were in the
range of 0.84...0.86 and in the case of the window solution 0.78...0.79. Linear thermal
transmittance of the thermal bridge were mostly in the range of 0.01...0.08 W/(m-K).
One example of a non-functional solution was a foundation assembly in which
performance was not guaranteed when using a concrete strip foundation. The solution
was to use a lightweight gravel block in the foundation. However, the precondition for
the performance of the assembly solutions is the precise assembly of the panels and
the prevention of water leaks at the joints. The width of the deformation joints on the
outer wall of the apartment building was estimated to be 10-15 mm by an
approximate calculation. In addition, an assessment of the risk of condensation of the
external boundary was carried out in accordance with EVS-EN 13788, according to

which the highest relative humidity was 91%.

In order to have a reference base with real autoclaved aerated concrete for
simulations, the dry density and maximum moisture content of one autoclaved
aerated concrete widely used in Estonia and presumably similar density were
determined experimentally. The drying of three test specimens was observed by
weighing and relative humidity monitoring. The test piece came from the storage site
with an initial humidity of 36%, dry to equilibrium humidity of 6%, and the maximum
moisture content was 61... 89%. A sorption curve was also constructed. Comparing
the drying and sorption graphs, it was found that the most similar autoclaved aerated

concrete is Cellular Concrete in the Delphin catalog.

Calculation models with four different initial humidities (70%, 35%, 20% and 5%) and
four different start times were developed for moisture analyzes. The three-layer panel
was fitted with corrected external plaster and inner plaster. Condensate and mold test

years were used. The analysis of the frost damage of the external shell revealed that



the most freeze-thaw cycles are obtained at the depth of 5... 15 mm from the joint of
the external plaster and aerated concrete. The saturation levels of the ice are high all
over the external shell, but the part near the external plaster is more loaded. The
maximum ice saturation was at 30% and occurred in the condensate test year with an
initial humidity of 70% starting in January. At 35% initial humidity, the maximum ice
saturation was 20%. The most crushing ice is clearly formed in simulations started in
January. At maximum initial humidity, it takes at least 1.5 months for the water
content in the pores to reach below the critical limit. Simulations of the critical
calculation layer show that despite the low initial humidity, the water saturation levels
later rise above the critical limit and at the same time freezing and ice formation
occur. Clarification of the required water absorption of the plaster layer and impact

assessment could be one of the further research topics.

In the first year, the heating demand due to higher heat transfer may be about 2.7
times, and in the second year 1.6 times higher than in the fifth year. The surface of
the inner shell is suitable for installing waterproofing with 70% initial humidity after 2
months and 35% with initial humidity if the building is heated. The criterion for
installing waterproofing is a surface moisture content of less than 90%. However, after
the installation of the waterproofing, the level of relative humidity behind the
waterproofing rises to about 97% the next day, regardless of the initial humidity.
Whether and what damage it causes would need further analysis. In the construction
of the wet room wall models, the value S¢ = 2.8 m was used as the water vapor

diffusion resistance of the inner surface in the layer of waterproofing and ceramic tiles.



