CONSTRUCTION SCIENCE
BUVZINATNE

ISSN 1407-7329 2007-8

RESEARCH OF HEAT TRANSFER PROCESES IN
WALLS MADE FROM NEW GENERATION
AUTOCLAVED AERATED CONCRETE

JAUNAS PAAUDZES GAZBETONA SIENU SILTUMA
PLUSMAS PETIJUMI

Martin$ Vilnitis, /. sc. ing.

Riga Technical University, The Institute of Building Production
Adress: Azenes st. 16/20 — 305, LV — 1048, Riga, Latvia
Phone: +371 7089207; +371 29121187

E-mail: martins.vilnitis@inbox.lv

Juris Noviks, Professor, Dr. sc. ing.

Riga Technical University, The Institute of Building Production
Adress: Azenes st. 16/20 — 303, LV — 1048, Riga, Latvia
Phone: +371 7089207

E-mail: praktiska@praktiska.lv

Keywords: autoclaved aerated concrete, heat transfer, heat accumulation, thermography

Introduction

We elaborated in the previous publication one part of experimental data and
also in this one we would like to share our latest results. The mentioned experiment is
performed in Tallinn Technical School, where an experimental building with
openings in northern and southern facades was constructed. In the end of 2004 these
openings were filled with ECOTERM blocks (depth 375mm) with capacity mass
<400 kg/m’ forming joints with glue mortar. Since the year of 2005 regular
measurements were performed in order to determine the calorific features of the
walls. Of course, such experiments are not performed for the first time [1; 2; 5; 7], but
in contrary to the similar researches which were performed before, in this case the
wall fragments are being tested in the under the conditions, specific to the
construction of individual dwelling houses in the Baltic region with wet climate
mode. For instance, in the former tests no external and internal decoration tasks were
applied. But in the current test, approximately a year after finishing the wall fragment,
both interior and exterior decoration from materials [12] by company Maxit was
performed. In effect also the calorific indicators of the wall have changed and more
detailed information will be delivered in the next parts of publication.
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Thermal conductivity coefficient

In order to establish the value of wall thermal conductivity coefficient U, the
heat flow was measured with help of device ALMEMO — 2290-8 with feeders
FQAO017C and FQAO19C. The surface temperature of both experimental walls was
also measured, using HOBO type logger. Loggers of this type permit to determine the
temperature and moisture of the surrounding air and that allows to perform a
comprehensive analysis of acquired data and get substantiated results. Performed wall
surface temperature measurements are gathered and displayed in Fig.1. Since the
temperature deflections of inner surface within a year is not observable, only southern
and northern wall surface temperature difference is plotted.
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Fig.1. Temperature of external surface of aerocrete wall

Performed heat flow measurements are gathered and displayed in Fig.2. While
analyzing the acquired experimental data, it can be calculated that heat flow through
aerocrete wall is directly related to the temperature of external surface of the wall.
Temperature fluctuations during the experiment were insignificant, therefore we can
deduce that sun activity notably affects the heat flow. As it was mentioned before, the
temperature fluctuation of inner surface of the wall is not significant; therefore the
wall’s external surface temperature difference is largely affected by the very activity
of sun. It is due to the sun activity that surface temperature of the external wall
depends on and in its turn affects both the process of wall drying and total heat flow
through aerocrete wall.
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Fig.2. Heat flow through aerocrete wall

The value of thermal conductivity coefficient is determined by applying the
data, acquired in the experiment, to the formula, Uy = Q/(ts - 1y), where Q — heat flow
(W/m?), 1, — surface temperature of inner wall (°C), 1, — surface temperature of
exterior wall (°C).
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Comparing the acquired experimental graphics, presented in Fig. 1, 2 and 3, it
is observable that they are of similar nature. Obviously it means that certain
congruence among thermal conductivity coefficient, wall’s external surface
temperature and heat flow through aerocrete wall exists. When analyzing the data,
provided in the Fig.5., very important conclusion can be derived — even in the
wintertime conditions the wall which is not yet dried and whose moisture is 24-14%
coefficient U value corresponds to the standard LBN 002 — 01 requirements.

Calculating the theoretical U value with formula U = 1/R (where R = Ry + d/A
+ R, ; Ry — heat resistance of inner surface; R, — heat resistance of external surface) it
can be seen that theoretical calculations do not match with experimental results. It can
be explained with aerocrete’s capacity to accumulate heat and material thermal
inertia. Questions which are connected with aerocrete wall thermal inertia we will
view in further publications.
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Fig.3. Thermal conductivity coefficient of aerocrete wall

In order to feel comfortable in the premises both in winter and in summer, it is
also of importance to have a good microclimate. It is considered that wooden log
buildings provide optimum healthy environment with a natural humidity regime.
Thus, aerated concrete also has a number of qualities guaranteeing in the premises
equal condition as one will find in log houses. Thanks to the porous structure, aerated
concrete absorbs the excessive amount of humidity and in the result of water vapour
diffusion discharges it, i.e. outside the building.

For ensuring good microclimate for a room, it is of importance that
temperature fluctuations of the inner surface of the external wall would be minimum,
if the temperature fluctuations of the outer surface of the external wall are
considerable. It is particularly important in our weather conditions when the
temperature of the external surface can drastically change both in winter and in
summer, whereas the temperature changes of the inner wall are small.

The experimentally determined temperature changes outside and inside (in the
premises) the wall are provided in Fig.4. By red line there is shown temperature
fluctuation of wall outside surface, but with blue line - temperature fluctuation of wall
inside surface. The small thermal conductivity and good heat accumulation capacity
(heat inertia) provide permanent temperature in the inner rooms. Therefore, in
buildings with homogeneous aerated concrete walls there is a pleasant chill on hot
summer days and homely warmth on cold winter nights. Such effect cannot be
achieved in buildings with external wall construction mass smaller than 100 kg/m?, as
for example wooden carcass buildings with mineral wool heat insulation.

By analysing the results of the experiment, it can be concluded that in case of
considerable temperature fluctuations (in range of 70°C) of the external surfaces of
the walls, the temperature of the inner surface varies only within 2°C. During
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experiment there is find out, that displacement of the maximum temperatures of inner
and external surfaces reached 7 hours.

90

80 T’ """""""""""""" v
§ 70 i Displacement of the
‘E 60 . Temperature range difference cycle — 7 hours
7:‘ TAV = AB,/AB,. = 2/70 = 0,03 ¢=Th
5 50
z MO, =TOK  AOy=2K |
g 40 se st :
S E
@ 30 > :
= ’ '

L} l 1

g 20 ' L nterna
g 5 External
E o f .

Aerated concrete wall — 375 mm

8 12 16 20 24 4

4
n Night D Day ] Night . Time (hours)

0

Fig.4. Heat inertia of aerocrete wall

After completion of the external and internal finishing layer, for the scope of
the experiment, thermography of the wall was performed by means of the
Thermovision 350 Standard equipment. The thickness of the external decorative layer
is 3—4 mm, and the inner surface fill layer is 1-2 mm.

As seen in Fig.5, after completion of the external and inner surface finishing
level, no heat losses through the vertical joints were observed and the temperature
difference in the entire area of the wall is within 1,5 °C. The results of the
thermography show that in case of 2 mm thick glue mortar joints and a finishing layer
on both sides of the aerated concrete block wall, practically the joints leave no impact
upon heat permeability and therefore, by performing thermotechnical calculations, the
correction coefficient, which regards the distinctive heat permeability of the glued
joints, is not to be taken into account.

An analogue thermographic analyses was performed in the complex of multi-
apartment buildings “Marupite”, Ropazu street, Riga. For construction of the external
walls in the object “Marupite” were used the EcoTerm 375 mm blocks with the
average volume weight 375 kg/m’ and the reinforced lintel with average volume
weight 480 kg/m’. The constructed external walls are homogeneous, without
additional insulation. For boarding the front of the house were used the Classic 250
mm blocks with additional insulation (Fig. 6). The blocks of the external walls were
joined by glue mortar — the thickness of the glue mortar joints is 2 mm in average.

The thermographic analyses of the object was performed during the second
heating period, approximately a year and a half after putting the building into
operation. Comparing to previous thermographic measurements, heat losses through
the outer surface of the wall i.e heat losses in the front part (elevation) of the building
were established in the “Marupite” object.

The scope of the thermographic analyses was:
1. to check parts of elevation where heat losses are the largest;
2. to check whether external walls without additional heat insulation provide
even distribution of temperature through the horizontal and vertical joints;
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3.

4.

to check whether temperature distribution in reinforced lintel places is the
same as on external walls;

to check whether soaking of the wall in separate places during the construction
period has left an impact on temperature distribution on the external wall.

The conditions for thermographic analyses were very favourable. The outside

temperature was —22 °C, what gave the opportunity to exactly establish places of heat
loss in the elevation (Fig. 7). In figure there shown not only temperature fluctuation in
elevation, but exactly in line LI01 and LI0O2, that were marked in facade fragment and
as diagram in the right corner of figure.

1.

In result of the test it was established that:

The largest heat losses come from windows, the spaces in between the floors
in the level of ceiling and base level. Heat losses through windows are always
larger than through outer walls; the above is also admitted in the Latvian
construction norm LBN 002-01. Heat losses in base and in between floor level
are attributable to insufficient quality of construction work during installation
of heat insulation.

All the measurements confirmed that in aerocrete outer walls the temperature
distribution is uniform with the lowest outer wall temperature. It does not
mean that there are no heat losses for glued mortar joints in the thickness of 2
mm, as it is inevitable the case for standard mortar joints 10—12mm thick. It
assures once again that the EcoTerm outer wall blocks joined with glue mortar
fully ensure compliance with heat insulation requirements without additional
insulation;

In aerocrete reinforced lintel places (the width of the lintel corresponds to the
width of the wall) the temperature distribution is the same as in the outer
walls, what evidences that on lintel places no cold bridges are created.

Irregular soaking of the wall due to precipitation during the construction

period after approximately year and a half maintenance of the building has left no
impact on the temperature distribution on the wall. It gives proof that the wall has
dried and that the external surface has reached the balance moisture.

| Min: 20,4°C  Max: 21,9°C

Fig.5. Aerated concrete block wall fragment thermography results
after completion of inner and outer finishing layers
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Fig.7. Results of the thermography for the aerocrete wall fragment

Conclusions

Acquired results show that certain congruence among thermal conductivity
coefficient, wall’s external surface temperature and heat flow through aerocrete wall
exists. In the wintertime conditions the aerocrete wall which is not yet dried and
whose moisture decreased from 24 to 14% coefficient U value corresponds to the
standard LBN 002 — 01 requirements.

Calculating the theoretical U value we find out, that theoretical calculations do
not match with experimental results. It can be explained with aerocrete’s capacity to
accumulate heat and material thermal inertia. Questions which are connected with
aerocrete wall thermal inertia we will view in further publications

Aerated concrete block outer walls have a good thermal inertia (temperature
fluctuations per day of the inner wall do not exceed 2 °C).

In this experiment we get great amount of measurements, that could extend
information about thermal qualities of autoclaved aerated concrete walls construction
built on Baltic region climatic conditions.
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Vilnitis M., Noviks J. Jaundas paaudzes gazbetona sienu siltuma pliismas peétijumi.

legiiti eksperimentali rezultati par siltumtehniskajiem procesiem arsienas veidotas no jaunds paaudzes
gazbetona blokiem. Eksperiments tiek veikts Tallinas Tehniskaja skola, kur ir uzbiiveta eksperimentala
maja ar ailam ziemelu un dienvidu fasadeés no EcoTerm blokiem ar biezumu 375 mm, tilpummasu <400
kg/m’, izveidojot Suves ar limjavu. Sakot ar 2005. gadu tiek veikti regulari mérijumi lai noteiktu sienu
siltumtehniskas ipasibas. Lai noteiktu sienas siltuma caurlaidibas koeficenta U vértibu tika merita
siltuma plissma izmantojot ierici ALMEMO — 2290 — 8 ar devéjiem FQA017C un FQA0I9C. Tapat tika
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meérita arl abu eksperimentalo sienu virsmu temperatira ar HOBO tipa logeriem. Analizéjot
eksperimentalos datus var secinat, ka siltuma plisma mainds atkaribd no sienas aréjas virsmas
temperatiras. Tiesi no saules aktivitates liela méra ir atkariga sienas aréjas virsmas temperatiira, kura
bittiski ietekmé gan sienas ZiiSanas procesus, gan kopéjo siltuma plismu caur gazbetona sienai. Var
izdarit secinajumu, ka eksisté savstarpéja sakariba starp siltuma caurlaidibas koeficentu, sienas aréjas
virsmas temperatiru un siltuma plismu gazbetona sienas. Jau ziemas apstakjos vél neizzuvusai sienai
(w samazin;as no 25 — 14%) U vértiba atbilst normativa LBN 002 — 01 prasibam. Aprékinot siltuma
caurlaidibas koeficenta U vértibu redzams, ka teorétiskie aprékini nesakrit ar eksperimentaliem
rezultatiem. Tas ir izskaidrojams ar gazbetona speju akumulét siltumu un materiala siltuma inerci.
Jautajumus, kuri saistiti ar gazbetona sienu siltuma inerci mes apskatisim turpmakajas publikacijas.

Ir zinams, ka iekstelpu mikroklimats ir tiesSa veidd atkarigs no temperatiiras svarstibam uz sienas
aréjas un ieksejas virsmas. Jo mazdakas ir arsienas iekséjas virsmas temperatiiras svarstibas pie
ievérojamam tas arejas virsmas temperatiiru svarstibam, jo labdks veidojas telpu mikroklimats.
Eksperimenta rezultata tika noskaidrots, ka gazbetona drsienas iekséjas virsmas temperatiira izmainds
par 2°C, ja tas aréjas virsmas temperatiiras svarstibas ir ieverojamas. legiitie termografijas rezultdati
parada, ka, veidojot 2 mm biezas limjavas Suves un veicot gazbetona bloku sienas apdari no abam
pusém, Suves praktiski vairs neietekmé sienas siltumcaurlaidibu, tapéc, izdarot sienu siltumtehniskos
aprekinus, labojuma koeficients, kurs nem véra limejuma Suvju atskirigo siltumcaurlaidibu, nav janem
vera. Lidzigs eksperiments tika veikts ari dzivojamo maju kompleksa , Marupite”. Arsienu
termografesana tika veikta péc aptuveni pusotra gada no objekta nodosanas ekspluatdcija otras
apkures sezonas laika. Laika apstakli sada eksperimenta veiksanai bija Joti labvéligi, jo aréja gaisa
temperatira sasniedza —22°C, kas deva iespéju oti precizi noteikt siltuma zudumu vietas ékas fasade.
Eksperimenta gaita ir iegiita apjomiga rezultdtu datu baze, kura sniedz pilnigaku prieksstatu par
gazbetona norobezojoSo konstrukciju siltumtehniskajiem raditajiem ekspluatdcijas apstakliem, kuri
raksturigi Baltijas republiku regionam.

Vilnitis M., Noviks J. Research of heat transfer proceses in walls made from new generation
autoclaved aerated concrete.

Acquired results of heat transfer processes in walls made from new generation autoclaved aerated
concrete. Two experimental walls, on the northern and southern part of the building, were built in
Tallinn Technical school by imitating real living space in between. For construction of the walls was
used autoclaved aerated concrete blocks EcoTerm 375 mm in thickness, volume weight < 400 kg/m3,
glued together with a 2 mm thick layer of glue mortar. Starting from year 2005 there was carrying out
various thermal measurements on regular basis. In order to establish the value of wall thermal
conductivity coefficient U, the heat flow was measured with help of device ALMEMO — 2290-8 with
feeders FOA017C and FQAO0I9C. The surface temperature of both experimental walls was also
measured, using HOBO type logger. It can be calculated that heat flow through aerocrete wall is
directly related to the temperature of external surface of the wall. It is due to the sun activity that
surface temperature of the external wall depends on and in its turn affects both the process of wall
drying and total heat flow through aerocrete wall. Acquired results show that certain congruence
among thermal conductivity coefficient, wall’s external surface temperature and heat flow through
aerocrete wall exists. In the wintertime conditions the aerocrete wall which is not yet dried and whose
moisture decreased from 24 to 14% coefficient U value corresponds to the standard LBN 002 — 01
requirements. Calculating the theoretical U value we find out, that theoretical calculations do not
match with experimental results. It can be explained with aerocrete’s capacity to accumulate heat and
material thermal inertia. Questions which are connected with aerocrete wall thermal inertia we will
view in further publications. For ensuring good microclimate for a room, it is of importance that
temperature fluctuations of the inner surface of the external wall would be minimum, if the temperature
Sfluctuations of the outer surface of the external wall are considerable. By analysing the results of the
experiment, it can be concluded that in case of considerable temperature fluctuations of the external
surfaces of the walls, the temperature of the inner surface varies only within 2°C. The results of the
thermography show that in case of 2 mm thick glue mortar joints and a finishing layer on both sides of
the aerated concrete block wall, practically the joints leave no impact upon heat permeability and
therefore, by performing thermotechnical calculations, the correction coefficient, which regards the
distinctive heat permeability of the glued joints, is not to be taken into account. An analogue
thermographic analyses was performed in the complex of multi-apartment buildings “Marupite”. The
thermographic analyses of the object was performed during the second heating period, approximately
a year and a half after putting the building into operation. The conditions for thermographic analyses
were very favourable. The outside temperature was —22 °C, what gave the opportunity to exactly
establish places of heat loss in the elevation. In this experiment we get great amount of measurements,
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that could extend information about thermal qualities of autoclaved aerated concrete walls
construction built on Baltic region climatic conditions.

Bunnumuc. M. A., Hosukc 0. A. Hccnedosanue npoyeccos menaonepeoauu CmeH u3 2a3zobemona
H06020 NOKOJIEHUA.

Tpusedenvl dKcnepuMeHmManbhble pPe3yTbmamsl Npoyecca Menjionepeoauu cmeH u3 2a300emoHd
H08020 noxonenust. Hccnedosanus nposedenvl ¢ Tannunckou Texnuueckotl wikone, 20e NOCMpoeH oM
CO CmeHamu Ha 10XHCHOM U ce8epHOM (acadax uz eazobemonnuvix 610xko8 EcoTerm monwunou 375 mm
co cpedneii nomnocmoio <400 k2/m’. Knaoka npouseoounace Ha Kieio ¢ mOIWuHON wied ~2 MM.
Hauunasa ¢ 2005 200a eedymcs NOCMOsAHHblE UBMEPEHUS C YEabl0 ONpedesenuss pPAa3IiudHblX
MENIOMEeXHUYECKUX — XAPAKMEPUCMUK — 2a300emonHblx  cmeH.  Jlna — onpedeienus — 3HAYEHUs
ko3ppuyuenma mennonepedauu U OvLiu npouzgedenvl uMepeHus Menio8oco0 NOMoOKd 6 00eux
IKCNEPUMEHMANbHBIX cmeHax ¢ nomouvio npubopa ALMEMO — 2290 — 8 ¢ damuuxamu FQA017C u
FQA019C. Taxoice nposodunuce u usMepeHuss memnepamypvl U OMHOCUMENbHOU GLANCHOCU
HOMeWjeHUs: U HAPYIHCHO20 8030YXA U MEeMNepamypvl 6HYmMpeHHel U 6HeuHel NOBEPXHOCHU ONbIMHBIX
cmen ¢ nomowvio pecucmpupyrougeco yempoticmea HOBO. Ananuzupys nonyuenHvie OaGHHbIE MOJNCHO
KOHCIMAHMUPOBAMb, UMO MENL080U NOMOK USMEHAEMCsl AHAIO2UYHO MEeMNEpamypvl 6HeuHel
nogepxunocmu cmeH. IMenHo conneunoe usnyuenue onpeoeisien memMnepamypy eHeunet no8epxXHoCmu
cmenvl, KOMmopoe, 8 C80i0 04epPedb, SHAYUMENLHO QUM HA NPOYECC GbICHIXAHUSL CHEHbL U MEeN1080uU
HOMOK uepe3 2a300emoHnyio cmeny. Dmo YKa3bleaem HA 63AUMHYIO C8513b MedNCcOy KoIpduyuenmom
menjonepeoayu, MeMnepamypol HAPYyjICHOU NOBEPXHOCMU CHEHbl U MENI08bIM NOMOKOM uepes3
eazobemonnyro cmeny. s HegblcoXuiel CMeHbl, K020a 6lANCHOCMb cmeHvl cocmasisiem 25 — 14%,
3HaueHue kodgguyuenma menionepedayu U coomeemcmeyem mpebosanusm nopmamuea LBN 002 —
01. Teopemuueckoe 3Hauenue KodpPuyuenma menaonepedayu U ne coenadaiom ¢
IKCNEPUMEHMATHBIMU — OAHHLIMU.  DMO  MOJCHO — ODACHUMb  CHOCOOHOCMbBIO  2a300emoHa
AKyMynupoeams menio U meniosou unepyuei mamepuana. Bompocam, ceazanHbiM ¢ mennogou
uHepyel cmeHn u3 2a300emMOHHbIX OJ0K08, Mbl YOEIUM GHUMAHUE 6 Credylowux nyoruxayusx. /s
obecneyenusi Xopouie2co MUKpOKIUMAMA 6 NOMEWeHUU BadCHO, YmobObl memnepamyphvie Konebanus
GHYMPEHHEl NOBEPXHOCMU HAPYICHOU CMeHbl ObLIU MUHUMATbHbL NPU MAKCUMATbHBIX KOJLeOaAHUSIX
meMnepamypbl 6HeuwHel NOBEPXHOCMU. AHAIU3 NOIYYEHHBIX Pe3VIbIMAmMOo8 Npueesl K 6blg00y, Umo 6
cnyuae bonbUuUxX KoIeOanull memMnepamyp 6HewHel NOGEPXHOCMU CIEeHbl MeMnepamypa 6HympenHei
noeepxHocmu cmenvl Konebaemcs 6ceeo auwb 6 npederax 2°C. Ilonyuennvie pesynvmamol
mepmozpapuu ROKA3bI6Alom, Ymo npu MoJUuHe Wed Kieego2o pacmeopa moawuHol 2 Mm u OmoenKu
cmenvl U3 2a300€MOHHLIX ONIOKO8 € 0beux CMoOpoH Webl NPAKMUHECKU Nepecmalom GIusims Hd
MENIONPOBOOHOCHb  CMEHbl, NOIMOMY HPU MENTOMEXHUYECKUX paciemax cmeH Kodgduyuenm
HONPagoK, YUUMbl8AIOWULl GIUSHUE MENTONPOBOOHOCIU KIEEEbIX UWB08, MONCHO He NPUHUMAMb 60
sHuManue. Ananosuunas mepmozpaguyeckas npogepka NPOBOOUNACH MAKJCe 8 KOMNWIeKce
MHO2OKEApMUPHBIX doM086 «Marupite» ¢ Puce. Tepmocpaguueckan nposepka nposoouacs 60 6mopoi
OMONUMENbHLIL  Ce30H  NOCle  NPUMEPHO  NOAymopa Jjem  dKcnayamayuu. Ycinoeus  0na
mepmozpagpuueckoi npogepku bvliu Kpatine Orazonpusmuvimu. Temnepamypa HapylcHO20 8030yXd
cocmagaana —22°C, umo no360aUN0 MOYHO Onpedelums Mecma nomepb menia Ha @acaoe.
THonyuennvie  KCnepuMeHmMAaibHble  OaHHble  O0alom  Oojlee  MOYHOEe  NpeocmagieHue o
MENIOMEXHUYECKUX — XAPAKMEPUCTUKAX — 2A300€MOHHbIX — CMeH 8 VCIO0GUSIX,  MAKCUMAIbHO
COOMBEMCMBYIOWUX YCTIOGUSIM IKCHIYAMAYUU HAPYICHBIX CMeH 6 pecuone [lpubanmuku, Komopomy
XapaxmepHul 61aXHCHbIE KIUMAMUYECKUE YCOGUSL.
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