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Possibility of pore size distribution application
to the description of air-entrained concrete
porosity structure

Abstract

Air void size and number distribution constitutes a major characteristic, which substantially contributes to building up
concrete resistance to cyclic freezing and thawing. The standard pore spacing factor L is based on the Powers model.
Due to the assumptions made in the model, it may not be able to represent the real structure of air pores in the concrete.
Consequently, it is necessary to look for other methods to describe this structure. The sought model needs to account for
variability in sizes of pore chords and pore random spacing in the paste. The paper analyses the distribution type and
compares porosity characteristics obtained with measurements, and on the basis of the distribution. The analysis aims to
assess if it is possible to substitute chords in the 0 to 400 um range with their distribution. Another purpose of the analysis
is to compare air pore structure parameters obtained by computations on raw data with the results received on the basis

of pore size distribution for a given concrete.

Keywords: air-entrained concrete, air pore size distribution, Log-normal distribution.

1. Introduction

Air-entrainment, a basic method that protects concrete
against the adverse action of frost, water and de-icing
salts has been known for over 70 years. Air-entrainment
technology involves introducing a surfactant into the
concrete mix. The air-entraining agent makes it possible
to form and evenly disperse small air bubbles in the
concrete. The system of tiny air voids protects concrete
from damage caused by an increase in the volume of
freezing water. Appropriate spacing of air voids in
hardened cement paste significantly reduces the distance
to be travelled by water that is not frozen yet, from a
random point inside the hardened cement paste to the
nearest air void [9]. To ensure concrete freeze-thaw
resistance, it is essential to provide a time-stable system
of small air bubbles, which are located close enough to
one another, at the lowest possible total air content. In
modern concrete technology, unlike in traditionally air-
entrained concrete, cement, additives and admixtures
are combined, which often causes problems related to
obtaining the time-stable pore system. The effects of

air-entrainment may differ depending on the concrete
mix consistency and temperature, mixing time,
transport time, and also the manner in which the mix is
placed and compacted [3]. Substantial air losses occur
when the concrete mix is pumped (approx. 1-1.5%),
and also vibrated [13]. Air-entrainment can also be
dependent on the characteristics of the aggregate grains,
especially of sand (roughness, number and shape of
grains) [11], which are often unaccounted for. Taking
into account a large number of factors that affect
the quality of air-entrainment, it may happen that, in
spite of using air-entraining agents, the required pore
structure is not obtained. The systems of air pores may
be not fine enough, or they may not be stable in time
[10]. Consequently, the maximum distance, measured
along the cement paste, the freezing water needs to
travel from a random point in the cement paste to the
nearest air void will grow. As a result, the pore spacing
factor L is increased, yet the total air content A does
not change [13]. Therefore, simple measurements of
air content cannot provide the basis for assessing the
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quality of air-entrained concrete porosity. Thus, it is
necessary to establish air-entrainment quality control,
which involves the microscopy assessment of air pore
structure. The basic parameter that relates the quality
of air-entrained concrete to its freeze-thaw resistance
is spacing L. The standard [8] gives the method of
determining pore structure parameters on the basis of
the Powers model, which assumes that all pores have
the same diameter and are distributed in cube corners
(Fig. 1). Thus, spacing factor L corresponds to a half of
the cube diagonal.

The Powers model

O OO0
O OO0
O ORO0)
O OO0

Fig. 1. Difference between the actual air pore distribution
and that assumed in the Powers model [7]

Air pore structure is described by the following
parameters: total air content A, specific surface of air
pores a, spacing factor L and micropore content A, |
and air pore size distribution [8]. The assumptions
adopted in the Powers model may, in some cases,
make the model incompatible with the real structure
of pores in the concrete. Figure 2 presents exemplary
photographs of air pores, which show that in modern
concretes, pores often coalesce forming larger
systems, or they can have bizarre shapes.

Fig. 2. View of complex pore arrangements in air-
entrained concrete

Other ways of describing air pore structure
are sought by researchers, including Philleo [6],
Attiogbe [1], Jin et al. [4], and Elsen et al. [2]. Air
pore structure is investigated by the chord counting
method [8], on the basis of which air pore size
distribution is determined, which is a transition
from 1D to 3D modelling. The measurements lead
to the determination of the total air content A, pore
spacing factor L, specific surface of air pores a, and
the micropore content A, . Expected advancements
in the image automatic analysis method will, in
not-too-distant future, make it possible to take 2D
measurements. Those will contribute to obtaining
a more accurate representation of the real porosity
structure in air-entrained concretes. Such approach
was used by, among others, Yim et al. [14].

2. Air pore distribution in air-entrained concrete

The PN-EN 480-11 standard [8] defines the method
of calculating the parameters of the air pore structure
and also allows to make a transition from classes
(1D) to pore size distribution (3D) in the concrete.
Therefore, it is necessary to develop a model
that would account for diversity in pore diameter
sizes and pore random spacing in the paste. Such
a model would be able to describe a real structure
of air bubbles and, thus, to state more precisely
the dependences holding between pore structure
parameters and concrete freeze-thaw resistance [9].
Many researchers emphasise the necessity to employ
distribution in the description of the parameters of
concrete porosity structure [1, 2, 4, 6]. The paper
presents the analysis of the type of distribution
and also a comparison of porosity characteristics
obtained through measurements and on the basis of
distribution. Investigations into the pore structure
in air-entrained concretes have been conducted for
many years at the Optical Microscopy Laboratory
of the Construction Technology and Organization
Department at the Kielce University of Technology.
The analysis of the determination of the parameters
of chord distribution was performed using the Table
Curve 2D software [12].

3. Investigations into the form of pore system
distribution in air-entrained concrete

Air-entrained  concretes  having  diversified
parameters of porosity structure were investigated.
In the first stage of investigations, different types
of distribution that are available in the literature
were analysed. Log-normal, Gamma and Weibull
distributions are most frequently employed to describe
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the distribution of pore sizes. The density functions
that specify these distributions are presented in the
form of equations 1-3:

— Log-normal distribution

=aexp| —
y p > o
(1)
— Gamma distribution
d-1
_b X;b+d—1
=aexp|—
y p( cj d-1
2
— Weibull distribution
1-d pqd-t
_a d-1Y)d x—b+ d-1)d
e c 1
1 d
X—b (d—ljd d-1
exp| —| —+| — -
d d
3)

An attempt was made, on the example of two
selected concretes, to assess which distribution
type best represents the system of pores having the
diameters from 0 to 400 um. Distributions for selected
concretes are presented in Figures 3, 4. The results of
analyses and comparisons are shown in Table 1.

Fig. 3. Distributions of chord lengths
in B1 concrete

Fig. 4. Distributions of chord lengths in B2 concrete

Table 1. Comparison of the fit coefficient r? for two different
concretes

CONCRETES
DISTRIBUTION B1 B2
& 7
LOG-NORMAL 0.57 0.71
GAMMA 0.55 0.70
WEIBULL 0.55 0.69

The assessment of how accurately a given
distribution form fits the measurement results is
made on the basis of the fit coefficient r2. The results
presented in Table 1 indicate that the r? parameter
takes on the most advantageous values for the Log-
normal distribution. These conclusions are congruent
with opinions expressed by other researchers [14].

4. Comparison of the pore system parameters obtained
through measurements and Log-normal distribution
The analysis aims at assessing the possibility of
substituting chords in the 0 to 400 um range with their
distribution. Another goal is to validate the parameters
of air pore structure obtained by calculations made on
raw data against the results received on the basis of
the pore system distribution for a given concrete. In
the second stage of investigations, the parameters of
the density function of Log-normal distribution were
determined for four selected concretes, namely B3-
B6, the distributions for which are presented in Figure
5. The concretes, air-entrained with an air-entraining
admixture, were characterised by a similar air content
A = 5.79-6.46%, but they differed in the number of
measured chords N =~ 381-2020, and also in pore
spacing factor L =~ 0.081-0.424 mm. The number
of chords in individual classes was determined in
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Log-Normal distribution B3 B4 BS B6
parameters
a 346.58 | 150.60 | 124.39 20.80
b 42.52 2411 30.66 15.90
C 0.61 1.01 0.33 0.49

Fig. 5. Parameters of Log-normal distribution for B3+B6 concretes.

accordance with adopted Log-normal distribution.
For the data assumed in this manner, the parameters
of the pore structure were determined in accordance
with the code. Those, together with the parameters
determined by means of microscopy analyses are
presented in Table 2.

Table 2. Comparison of the parameters of air pore structure
in concretes having a similar air content A, determined on the
basis of image analysis (1) and Log-normal distribution (2).

CONCRETE | 72 W ALK £ mm]
1 2 | 1 B 2
B3 | 097 | 200 | 2013 | 646 | 441 | 0081 | 0.081
B4 | 087 | 1170 | 1072 | 592 | 308 | 0135 | 0103
BS | 073 | 552 | 329 | 579 | 097 | 0147 | 0,001
B6 | 025 | 381 | 47 | 644 | 004 | 0424 | 0182

B3 concrete is well air-entrained, because it has a
low spacing factor L = 0.081mm and a large number of
chords N = 2020, which indicates a fine pore structure.
For B3 concrete, the fit coefficient r>= 0.97 was the
best, thus the estimation of the structure parameters
was the most accurate. Series B6 concrete is poorly air-
entrained. Although the air content is high A = 6.44%,
the concrete has only N = 381 chords, which points
to a relatively small amount of large bubbles. Those
fall outside the analysed range, consequently the pore
spacing factor ishigh L =0.424 mm. As the pore number
in the concrete decreases, the differences in estimating
pore structure parameters grow. To use distribution, it
is necessary to specify how many samples need to be
investigated to make estimation more accurate.

Log-Normal distribution
’ parameters B7 B8 B9
a 2149 | 52.08 | 75.62
b 50.71 | 58.00 | 51.19
C 1.36 1.26 1.28

Fig. 6. Log-normal distributions for B7-B9 concretes
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In the next stage of investigations, concretes
showing a similar structure of air pore system (Fig.
6), but having a different air content A = 3.92% —
6.59% were analysed. The results concerning pore
structure parameters in those concretes, obtained
from measurements and distribution are presented in
Table 3.

Table 3. Comparison of the parameters of air pore structure
in concretes having a similar composition and a different air
content A, determined on the basis of image analysis (1) and
Log-normal distribution (2)

CONGRETE | 2 W ALK Limm}
1 2 |1 ] 2 | 1 2
B7 032 | 370 | 309 | 392 | 204 | 0348 | 0291
B8 059 | 744 | 738 | 517 | 473 | 0202 | 0.19%
B9 053 | 1034 | 1035 | 650 | 630 | 0.154 | 0154

The data collected in Table 3 indicates that the larger
the amount of air A is, the greater the number of chords
N is, and consequently, the smaller the difference in
the estimation of pore structure diameters is, obtained
through chord measurement and on the basis of
distribution.

5. Conclusions

On the basis of analysis of the results of investigations
on a few series of concretes, it was found that Log-
normal distribution is the most suitable tool to describe
chord size distribution in the concrete.

The analysis aimed to assess the possibility of
substituting chords in the 0 to 400 um range with their
distribution. Also, the analysis was used to validate the
parameters of air pore structure, obtained on the basis
of computations made on raw data against the results
obtained on the basis of pore system distribution
for a given concrete. The number of pores, thus
the air content, constitutes the basic parameter that
substantially affects the quality of the distribution
fit and the estimation accuracy of the pore structure
parameters. Concretes of concern were categorised
into two groups. Group | contained concretes with
similar air content, in Group Il, concretes varied in
air content. For both groups, the analysis confirms
that the larger the number of measured chords is,
the better the distribution fit and more precise the
estimation of porosity characteristics. In such cases,
using Log-normal distribution in computations
produces similar results. For concretes having low
air content or large pores, a considerable difference
is found between results of computations on the raw
data and those obtained from the distribution, which

produces incongruent results. In such a case it would
be advisable to increase a number of tested sample.
It is planned to conduct studies which will aim at
determining air pore size distribution on the basis of
the measurements of their diameters (2D), instead
of chords (1D). That is supposed to significantly
facilitate producing a more reliable image of the real
porosity structure in air-entrained concretes.

References:

[1] Attiogbe E.K., Volume Fraction of Protected Paste
and Mean Spacing of Air \Voids, ACI Materials
Journal, No. 94-M66, 1997, pp. 588-591.

[2] Elsen J., Lens N., Wncke J., Aarre T., Quenard D.,
Smolej V., Quality assurance and quality control
of air entrained concrete, Cement and Concrete
Research, Vol. 24, No. 7, 1994, pp.1267-1276.

[3] Fagerlund G., Trwafos¢ konstrukcji betonowych,
Arkady, Warszawa 1997.

[4] Jin.S., Zhang J., Huang B., Fractal analysis of effect
of air void on freeze-thaw resistance of concrete,
Construction and Building Materials 47 (2013), pp.
126-130.

[5] Kong M., Bhattacharya R.N., James C., Basu
A., A statistical approach to estimate the 3D size
distribution of spheres from 2D size distributions.
Bull. Geol. Soc. Am., 2005, 117:244-249.

[6] PhilleoR.E., AMethod for Analyzing Void Distribution
In Air-Entrained Concrete, Cement, Concrete and
Aggregates, No. 2, 1983, pp. 128-130.

[7] Pigeon M., Pleau R., Durability of concrete in cold
climates, E&FN SPON.

[8] PN-EN 480-11 Determination of the characteristics
of air pores in hardened concrete (in Polish), 2008.

[9] Powers T.C., Air requirement of frost resistant
concrete, Proceedings, Highway Research Board, V.
29, 1949, pp. 184-202.

[10] Sommer H., Choosing admixtures for air-entrained
concrete, Betonwerk + Fertigteil — Technik, No. 12,
1987, pp. 813-816.

[11] Springenschmidt R., Breitenbucher R., Setzer M.J.,
Air-entrained concrete — recent investigations on
the fine sand composition. Waiting time before
compaction and redosing of air-entraining agents,
Betonwerk+Fertigteil-Technik, No. 11, 1987, pp.
742-748.

[12] Table Curve 2D, SYSTAT.

[13] Wawrzenczyk J., Molendowska A., Use of
microspheres as an alternative method of concrete air-
entrainment (in Polish), Budownictwo — Technologie
— Architektura, nr 4/2011, s. 51-55.

[14] Yim H.J., Kim J.H., Lee B.Y., Kwak H.G., Air voids
size distribution determined by ultrasonic attenuation,
Construction and Building Materials 47 (2013), pp.
502-510.



structure

Jerzy Wawrzenczyk, Wioletta Kozak, Adam Kiak

Jerzy Wawrzenczyk
Wioletta Kozak
Adam Ktak

Mozliwos¢ stosowania rozktadu wielkosSci porow
do opisu parametrow struktury porowatosci
betonow napowietrzonych

1. Wstep

Napowietrzanie, jako podstawowa metoda za-
bezpieczajaca beton przed szkodliwym dziataniem
mrozu, wody oraz soli odladzajacych, jest znana od
ponad 70 lat. Technologia napowietrzania polega na
wprowadzaniu do mieszanki betonowej substancji
powierzchniowo czynnej, ktéra w trakcie mieszania
sktadnikow pozwala na wytworzenie i rOwnomier-
ne rozproszenie drobnych pecherzykow powietrza
w betonie. System niewielkich pustek powietrznych
chroni beton przed uszkodzeniami spowodowanymi
wzrostem objetosci zamarzajacej wody. Wlasciwe
rozmieszczenie pustek powietrza w stwardniatym za-
czynie cementowym znacznie skraca odlegtos¢, jaka
musi przeby¢ niezamarznigta jeszcze woda, od dowol-
nego punktu wewnatrz stwardnialego zaczynu cemen-
towego do najblizej potozonej pustki powietrznej [9].
Zapewnienie stabilnego w czasie systemu drobnych
pecherzykow powietrznych, rozmieszczonych odpo-
wiednio blisko siebie, przy mozliwie jak najmniejszej
catkowitej zawarto$ci powietrza, jest podstawowa
sprawa istotng dla zagwarantowania mrozoodpor-
nosci betonu. We wspotczesnej technologii betonu,
w przeciwienstwie do betonow tradycyjnie napowie-
trzonych, stosuje si¢ kombinacje cementu, dodatkow
i domieszek, co powoduje, ze czesto wystepuja istotne
problemy z uzyskaniem stabilnego w czasie systemu
poréw powietrznych. Efekty napowietrzania moga si¢
réwniez znacznie r6zni¢ w zaleznosci od konsystencji
i temperatury mieszanki betonowej, czasu mieszania
i transportu, sposobu uktadania i zageszczania [3].
Znaczne straty powietrza wystepuja podczas podawa-
nia mieszanki betonowej pompa (ok. 1-1,5%), a takze
podczas wibrowania [13]. Napowietrzenie moze by¢
rowniez uzaleznione od charakterystyk ziaren kruszy-
wa, a przede wszystkim piasku (chropowatosci, ilosci
i ksztattu ziaren) [11], co nieczgsto jest uwzgledniane.
Biorac pod uwage duza liczbe czynnikow, wptywaja-

10

cych na jako$¢ napowietrzenia, nalezy liczy¢ si¢ z tym,
ze pomimo zastosowania srodkow napowietrzajacych
mozna nie uzyska¢ wymaganej struktury porow.
Moga powstawac grubsze systemy porow, niestabilne
w czasie [ 10]. Konsekwencja tego bedzie wzrost mak-
symalnej odleglosci, jakg musi przeby¢ zamarzajaca
woda od dowolnego punktu zaczynu cementowego do
krawedzi pustki powietrznej, mierzonej wzdtuz zaczy-
nu (wzrost wskaznika rozmieszczenia porow L), bez
widocznej zmiany w calkowitej zawarto$ci powietrza
A [13]. W zwiazku z tym, na podstawie prostych po-
miar6w zawarto$ci powietrza nie mozna ocenic jako-
$ci porowatosci betonéw napowietrzonych. Kontrola
jakosci napowietrzenia, polegajaca na mikroskopo-
wej ocenie struktury poréw powietrznych, jest wiec
konieczna. Podstawowym parametrem, okreslajacym
zwigzek pomigdzy jako$cig betonu napowietrzonego
a jego mrozoodpornoscia, jest rozstaw pecherzykow
L. Norma [8] przedstawia spos6b wyznaczania para-
metrow struktury poréw w oparciu 0 model Powersa,
ktory zaktada, ze wszystkie pecherzyki maja jednako-
wa $rednice 1 s rozmieszczone w narozach szescia-
nu (rys. 1.). Wskaznik rozmieszczenia L odpowiada
zatem potowie przekatnej szeScianu. Struktura porow
powietrznych opisana jest nastepujacymi parametra-
mi: calkowita zawarto$¢ powietrza A, powierzchnia
wiasciwa porow powietrznych o, wskaznik rozmiesz-
czenia L, zawarto$¢ mikroporéw A, ~oraz rozklad
wielkosci porow powietrznych [8]. Zalozenia modelu
Powersa sprawiaja, ze w niektorych sytuacjach moze
on mie¢ niewiele wspolnego z rzeczywista struktura
poréw powietrznych w betonie. Na rysunku 2 poka-
zano przyktadowe zdjecia struktury poréw powietrz-
nych ilustrujace, ze czesto we wspotczesnych beto-
nach pory lacza si¢ ze soba, czyli grupuja sie w wiek-
sze systemy lub maja dziwne ksztatty. Poszukiwane
$3 wiec inne sposoby opisu tej struktury proponowane
m.in. przez Philleo [6], Attiogbe [1], Jin i inni [4] czy
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Elsen i inni [2]. Strukture porow powietrznych bada
si¢ metoda zliczania cigciw [8], na podstawie ktorych
okreslany jest rozktad wielkosci poréw powietrznych
(przejscie z 1D na 3D). Na podstawie tych pomiarow
okreslane sg zawartos¢ powietrza A, wskaznik roz-
mieszczenia poréw L, powierzchnia wlasciwa porow
a oraz zawarto$¢ mikroporow A, . Nalezy przypusz-
czac, ze rozwdj metod automatycznej analizy obrazu
pozwoli, w nieodleglej przysztosci, na wykonywanie
pomiarow 2D, ktére umozliwig uzyskanie petniejsze-
go odzwierciedlenia rzeczywistej struktury porowato-
Sci betonow napowietrzonych. Takie podejscie stoso-
wali m.in. Yim i inni [14].

2. Rozktad porow powietrznych w betonie napowietrzonym
Norma PN-EN 480-11 [8] definiuje sposob obli-
czania parametrow struktury poréw powietrznych
iumozliwia przejscie z klas (1D) na rozktad wielko$ci
porow (3D) w betonie. Ustalenie modelu uwzgled-
niajacego roéznorodno$¢ wielkosci $rednic porow
i ich losowe rozmieszczenie w przestrzeni zaczynu
jest wigc niezbedne, by opisaé rzeczywista strukturg
pecherzykoéw powietrznych, a tym samym precyzyj-
niej okresli¢ zalezno$¢ pomiedzy parametrami struk-
tury a mrozoodpornoscia betonu [9]. Wielu badaczy
podkresla koniecznos¢ stosowania rozktadu w opisie
parametréw struktury porowatosci betonu [1, 2, 4,
6]. W artykule przedstawione zostana analiza typu
rozkladu oraz poréwnanie charakterystyk porowato-
$ci uzyskanych z pomiaréw i na podstawie rozktadu.
Badania struktury poréw betonéw napowietrzonych
prowadzone sa od wielu lat w Pracowni Mikroskopii
Optycznej Katedry Technologii i Organizacji
Budownictwa Politechniki Swietokrzyskiej. Analize
wyznaczenia parametrow rozktadu cigciw przepro-
wadzono stosujgc program Table Curve 2D [12].

3. Badanie postaci rozktadu systemu porow

w betonie napowietrzonym

Przedmiotem badan byly betony napowietrzone
o zroéznicowanych parametrach struktury porowato-
sci. W pierwszym etapie badan analizie poddano r6z-
ne typy rozktadow sposrod dostepnych w literaturze.
Najczesciej do opisu rozktadu wielko$ci porow stoso-
wano rozktady: logarytmo-normalny (Log-normal),
Gamma oraz Weibull. Funkcje gestosci opisujace te
rozktady przedstawiono w postaci rownan 1-3.

Na przyktadzie dwoch wybranych betonow prze-
prowadzono probe oceny, ktory typ rozktadu najlepie;j
odzwierciedla system poréw o Srednicach w zakresie
od 0 do 400 um w betonie. Rozktady wybranych be-

tonow przedstawiono na rysunkach 3 i 4. Wyniki tych
analiz 1 porownan przedstawiono w tabeli 1. Ocena
doktadnosci dopasowania danej postaci rozktadu
do wynikéw pomiaréw dokonywana jest w oparciu
0 wspétczynnik dopasowania r2. Na podstawie wy-
nikéw zamieszczonych w tabeli 1 stwierdzono, ze
wartos$ci parametru r? dla rozktadu Log-normal przyj-
muja najkorzystniejsze wartosci. Powyzsze wnioski
sg zbiezne z opinig innych badaczy [14].

4. Porownanie parametrow systemu porow otrzymanych

na podstawie pomiarow i rozktadu Log-normal

Przedmiotem analizy jest ocena mozliwosci zastg-
pienia cigciw, z zakresu od 0 do 400 um, ich rozkta-
dem oraz weryfikacja parametrow struktury porow
powietrznych otrzymanych na podstawie obliczen
przeprowadzonych na surowych danych z wynikami
uzyskanymi w oparciu o rozktad systemu porow dla
danego betonu. W drugim etapie badan wyznaczono
wspotczynniki funkcji gestosci rozktadu Log-normal
dla czterech wybranych betonéw B3-B6, a ich roz-
ktady przedstawiono na rysunku 5. Betony byty na-
powietrzone za pomoca domieszki napowietrzajacej
i charakteryzowaly si¢ zblizong zawartoscig powie-
trza A = 5,79-6,46%, natomiast roznily si¢ iloscig
zmierzonych cigciw N = 381-2020 oraz wskaznikiem
rozmieszczenia porow L ~ 0,081-0,424 mm. Zgodnie
z przyjetym rozktadem Log-normal wyznaczono
ilo$¢ cigciw w poszczegolnych klasach i dla tak przy-
jetych danych wyznaczono w sposob normowy pa-
rametry struktury poréw, ktére wraz z parametrami
wyznaczonymi w wyniku przeprowadzonych analiz
mikroskopowych zamieszczono w tabeli 2.Beton
B3 nalezy do bardzo dobrze napowietrzonych, po-
niewaz ma niski wspotczynnik rozstawu pecherzy-
kow L = 0,081mm i duzg ilo$¢ cieciw N = 2020, co
wskazuje na drobng strukture poréw. Dla betonu B3
wspotczynnik dopasowania byt najlepszy r?= 0,97,
a w konsekwencji oszacowanie parametrow struktury
najbardziej precyzyjne. Beton serii B6 zaliczany jest
do bardzo Zle napowietrzonych. Pomimo duzej za-
warto$ci powietrza A = 6,44% miat on zaledwie N =
381 cigciw, co $wiadczy o tym, ze zawiera on stosun-
kowo mato duzych pecherzy, ktore znajduja si¢ poza
analizowanym zakresem, czego konsekwencja jest
wysoki wskaznik rozmieszczenia porow L = 0,424
mm. Wraz ze spadkiem ilo$ci porow powietrznych,
ktore sa w betonie, réznica w oszacowaniu parame-
trow struktury porow zwigksza si¢. Mozliwo$¢ zasto-
sowania rozktadu wymaga okreslenia ile probek nale-
zatoby bada¢, zeby oszacowanie byto doktadniejsze.
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W kolejnym etapie badan analizowano betony
0 podobnej strukturze systemu poréw powietrznych
(rys. 6), ale r6znej zawartosci powietrza A = 3,92%—
6,59%. Wyniki parametréw struktury tych betonéw
uzyskane z pomiarow i z rozktadu przedstawiono
w tabeli 3. Z danych zamieszczonych w tabeli 3 wy-
nika, ze im wieksza ilo§¢ powietrza A, tym wick-
sza ilos¢ cieciw N, a tym samym mniejsza rdznica
W 0szacowaniu parametréw struktury poréw uzyska-
nych z pomiaru cigciw i na podstawie rozktadu.

5. Whnioski

Na podstawie przeprowadzonej analizy wynikow
badan kilku serii betonow stwierdzono, ze rozktad
Log-normal jest najbardziej przydatny do opisu roz-
ktadu wielkosci cigciw w betonie.

Celem analizy byla ocena mozliwos$ci zastapienia
cigciw, z zakresu od 0 do 400 pum, ich rozktadem oraz
weryfikacja parametréw struktury poréw powietrz-
nych otrzymanych na podstawie obliczen przeprowa-
dzonych na surowych danych z wynikami uzyskany-
mi w oparciu o rozkltad systemu porow dla danego
betonu. Podstawowym parametrem, majacym istotny
wptyw na jako$¢ dopasowania rozktadu oraz doktad-
no$¢ oszacowania parametrow struktury poréw jest
liczba porow, a tym samym zawarto$¢ powietrza.
Analizowano dwa warianty betonéw. Wariant | to be-
tony o podobnej zawartosci powietrza, a wariant II to
betony o roznej zawartosci powietrza. Oba warian-
ty potwierdzaja, ze im wigksza liczba zmierzonych
cigciw, tym lepsze dopasowanie rozktadu i bardziej
precyzyjne oszacowanie charakterystyk porowatos$ci.
W takich przypadkach postugiwanie si¢ w oblicze-
niach postacig rozktadu Log-normal daje zblizone
efekty. Dla betonow o matej ilosci powietrza lub
o duzych porach réznica obliczen na surowych da-
nych i z rozkladu jest znaczna i prowadzi do roz-
bieznosci wynikow. W takim przypadku nalezatoby
zwiekszy¢ ilo$¢ badanych zgtadow. Planuje sie prace
majace na celu oznaczenie rozktadu wielkosci porow
powietrznych na podstawie pomiaréw ich $rednic
(2D) zamiast cigciw (1D), co znaczaco wplynie na
uzyskanie pelniejszego obrazu rzeczywistej struktury
porowatosci betondw napowietrzonych.
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STUDY OF PROPERTIES AND INTERNAL STRUCTURE
OF MODIFIED RESTORATION PLASTERS

Abstract

Moisture in conjunction with salts can cause significant injury to construction materials. Highly porous and vapour-
permeable restoration plasters are used in order to protect walls against moist due to capillary wicking and hygroscopic
absorption of water, which are exposed to the harmful effects of salts. The structure of such plasters reduces the capillary
conductivity inside the material. The purpose of research was to estimate physical properties of modified plaster mortars.
Examination was focused on the impact of the addition of perlite, silica fume and air-entraining admixture on the
following parameters: density, tensile strength, compressive strength, strength ratio, capillary absorption of water and
water penetration. The microstructure of each material was examined using a scanning electron microscope.

Keywords: restoration plasters, capillary conductivity, perlite, silica fume, air-entrainment, microstructure

1. Introduction

The harmfulness of salts lies in the fact that their
crystals dissolve as a result of contact with water,
then move into the wall structure and crystallize again
when the evaporation of water takes place. During the
process of crystallization a significant amount of water
is bounded, which increases the volume of emerging
crystals. Accompanying crystallization pressure bursts
the material. In addition, some kinds of salts, such as
chlorides and nitrates, have hygroscopic properties.
Their presence in the wall causes an increase in
moisture, because these salts are able to attract and
bind water. Salt efflorescence is a tarnish on the
surface of building material that forms as a result of the
crystallization of water-soluble salts. This adversely
affects the appearance of the facade and also might be a
warning sign, because it means wall penetration by the
water with contaminants. Thus, it may be a harbinger of
serious problems, reduce comfort as well as announce
future damages and destruction of the wall.

The mechanism of function of restoration plasters
system consist of the fact that the evaporation zone
is located inside the layer of plaster. Transport of
moisture in its liquid form is carried out only in the
first 5 mm of plaster. Then the water changes the
state of matter, becomes a gas and the dissolved
salts crystallize in the pores of plaster. Moisture is
removed by diffusion of water vapour. The proper

pore geometry prevents damages of the material.
Thanks to air pores with hydrophobic surface
a capillary transport of water is disrupted.

Properties of the restoration plasters largely depend
on the composition of the mixture. An important role
is played by binder, fillers, additives and modifying
admixtures. The purpose of the research was to
determine the effect of the addition of the perlite,
silica fume and air-entraining admixture on the
properties of hardened plaster mortar.

2. Modifiction of plaster mortar

Lightweight fillers, which are used in restoration
plasters, reduce their bulk density. They should
cause an increase in volume of the pores in the
plaster mortar but the pores of this lightweight fillers
should not be available for salt solutions and water
vapour. Lightweight fillers contribute very little to
the salt accumulation and are mainly responsible for
ensuring the possibility of diffusion of water vapour.
Their further task (together with the hydrophobic
substances) is to limit the capillary transport within
the plaster structure. Therefore this is not a rule that
salts are accumulated by these lightweight fillers [1].
For tested specimens entered expanded perlite, formed
from a volcanic glass by heat treatment. The product
has a high resistance to frost and moisture. Despite its
high porosity, it can easily be hydrophobised, which
makes it non-hydroscopic.
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Another addition introduced to the mortar was
silica fume, which is a byproduct of the steel industry.
The addition of silica fume, starting from a small
amount (2-3% by weight of cement), increases the
density of the structure by filling voids. This results
in substantial reduction in porosity of the capillary
pores. What is more, silica fume has a positive impact
on such features of mortar as: water permeability,
bulking reduction and water absorption. It increases
compressive strength, sulfate resistance and resistance
to acids and salt water.

Admixtures added to restorative plasters are
hydrophobizing agents — substances for better
treatmentand adherence and air-entraining admixtures
(physic-mechanically or chemically reactive).

For the preparation of the plaster mortar, on which
research has been carried out, an air-entraining admixture
for mortar and concrete Ceresit CO 84 was used.

3. Methodology of experimental examinations

The samples, on which the examinations have
been carried out, differed among themselves in the
composition and water to binder ratio, as shown in
Table 1.

Table 1. Composition of samples

Sample Components Volumetric proportions
cement 1
lime 1
: sand 6
water 2
cement 1
lime 1
B sand 3
perlite 4
084 0.014
water 1.57
cement 1
lime 1
sand 2.95
C perlite 4
084 0.014
silica fume 0.05
water 1.57

The sample marked with letter A is a comparative
sample and was prepared and tested in order to
determine changes in the properties of mortar before
and after the addition of lightweight filler (which
in this case is perlite) and air-entraining admixture.
Mortar A is not a restoration plaster. To make mortar
samples Portland cement CEM | 42.5 was used of
loose bulk density equal to 1.2 g/cm® The density
of the lime is 0.5 g/cm?® and the sand — 1.76 g/cm?®
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(the fraction 0.2 — 0.6 mm). The amount of water
was adjusted experimentally on the basis of the
consistency measurement.

The following examinations were carried out on
hardened mortar: density, tensile strength, compressive
strength, strength ratio, capillary absorption of water
and water penetration.

The density of hardened mortar with air pores was
determined mathematically by dividing the sample
weight by its volume.

The value of tensile strength during bending for
restorative plasters is not defined in the Polish norm
PN-EN 998-1 [2]. It is also not specified in the WTA
Instruction [3]. However, it should be examined to
determine the ratio of compressive strength to tensile
strength, whose maximum value is given in the WTA
Instruction [3].

Determination of compressive strength of the
samples was made on the press KC 300 KS 300 EUR.
The ratio of compressive strength to tensile strength
was determined by calculation. Capillary absorption
of water through the bottom of the sample after 24
hours was measured according to WTA Instruction
[3]. The samples were weighted, then immersed
in water to a depth of 2 mm and re-weighted after
the required time. The amount of absorbed water
was determined by the difference in weights of the
samples before and after immersion.

The depth of penetration of water was measured
simultaneously with the measurement of capillary
water absorption. Capillary wicking height was
measured at the cleavage plane. Water penetration
caused by capillary wicking should not be higher than
5mm [2, 3].

4. Results and conclusions

The following table presents the results obtained in
the tests compared to the required values [2,3]. All the
tested properties meet the requirements only in case
of mortar C, modified by the addition of light filler
(perlite), air-entraining admixture Ceresit CO 84 and
silica fume.

The figures below show images of the microstructure
of each samples, obtained with a scanning electron
microscope (SEM). Tobermorite (in the form of
lamellae) is much more visible in the sample D
than the other samples. C-S-H phase is observed in
amorphous form. EDS analysis shows the content of
each elements in the given area.
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Table 2. Characteristics of the samples

Properties A Sar;ple C Standard value Unit
Bulk density 1.85 1.3 1.20 <14 kg/dm?
Tensile strength 1.34 1.74 1.68 X MPa
Compressive strength 3.2 418 443 1.5-5.0 MPa
Strength ratio 2.39 24 2.64 <3.0 -
Capillary absorption of water 8.44 6.88 6.72 =03 kg/m?
Water penetration entire cross section 6 5 <5 mm

Fig.1 Microstructure and EDS spectrum of the sample A

Si

Fig.2. Microstructure and EDS spectrum of the sample B.

Fig.3. Microstructure and EDS spectrum of the sample C.
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To summarize the obtained results of research,
it can be concluded that adding perlite and air-
entraining admixture Ceresit CO 84 led to decrease in
bulk density value and caused a sharp drop in mortar
strength parameters. Addition of silica fume (sample
D) caused small differences in the strength tests. The
compressive strength of mortar with silica fume has
increased, while the tensile strength during bending
has decreased. Both the compressive strength value
and the strength ratio comply with the requirements.
A small reduction in the amount of water absorbed by
the material due to capillary wicking has occurred.
The height of capillary wicking such modified mortar

Milena Nowek

was lower compared to other samples and was equal
to the maximum of 5 mm according to the standard.
The mortar of such composition corresponds to all
recommended by the norm values of parameters that
have been tested.
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Analiza wtasciwosci i struktury wewnetrznej
modyfikowanych tynkow renowacyjnych

1. Wstep

Szkodliwos¢ soli polega na tym, Ze sg one rozpusz-
czane w wyniku kontaktu z woda, nastepnie wraz
Z nig przemieszczajg si¢ w strukturze Sciany, a gdy
nastepuje odparowywanie wody, ponownie krystali-
zuja. Podczas procesu krystalizacji zwigzaniu ulega
znaczna ilos¢ wody, przez co rosnie objetos¢ powsta-
jacych krysztatoéw. Towarzyszace temu cisnienie kry-
stalizacyjne rozsadza materiat. Dodatkowo niektore
sole, takie jak chlorki i azotany, posiadajg wiasci-
wosci higroskopijne. Ich obecnos¢ w murze powo-
duje wzrost zawilgocenia przegrody, gdyz sole te sg
w stanie przyciggac i wigza¢ wode. Wykwity solne to
powstajace na powierzchni materiatow budowlanych
naloty, ktore tworza si¢ w wyniku krystalizacji roz-
puszczalnych w wodzie soli. Wplywaja negatywnie
na wyglad elewacji, a takze sg sygnalem ostrzegaw-
czym, gdyz oznaczaja penetracje przegrody przez
wod¢ wraz z zanieczyszczeniami. Moga by¢ zatem
zwiastunem powaznych probleméw, obnizajacych
komfort, a takze grozacych powstaniem uszkodzen
i zniszczeniem substancji budowlanej.

Zasada dzialania systemu tynkow renowacyjnych
polega na tym, ze strefa odparowywania wody, znaj-
duje si¢ wewnatrz warstwy tynku. Transport wilgoci
w postaci ptynnej odbywa si¢ jedynie w pierwszych
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5 mm grubosci tynku. Nastepnie woda przechodzi
w stan gazowy, a rozpuszczone sole krystalizujg
w porach tynku. Wilgo¢ usuwana jest na drodze dy-
fuzji pary wodnej. Odpowiednia geometria porow za-
pobiega uszkodzeniom materiatu. Dzigki zawartoSci
poréw powietrznych o powierzchniach hydrofobo-
wych przerwany zostaje kapilarny transport wilgoci.

Witasciwosei tynku renowacyjnego w duzej mie-
rze uzaleznione sg od sktadu mieszanki. Wazng role
odgrywa tutaj spoiwo, wypelniacze oraz domieszki
1 dodatki modyfikujace. Celem badan byto ustalenie
wptywu dodatku perlitu, pytu krzemionkowego oraz
domieszki napowietrzajacej na wlasciwosci stward-
nialej zaprawy tynkarskiej.

2. Modyfikacja zaprawy tynkarskiej

Lekkie wypetniacze stosowane w tynkach renowa-
cyjnych obnizajg ich gesto$¢ objetosciowa. Powinny
one powodowaé zwigkszenie objetosci porow za-
prawy tynkarskiej, przy czym pory tych lekkich
wypehiaczy powinny by¢ dostgpne dla roztwordw
soli 1 pary wodnej. Lekkie dodatki przyczyniaja sig¢
w bardzo niewielkim stopniu do gromadzenia soli i sg
odpowiedzialne gltéwnie za zapewnienie mozliwosci
dyfundowania pary wodnej. Dalszym ich zadaniem
jest (wraz ze srodkami hydrofobizujacymi) ograni-
czenie transportu kapilarnego w obrebie struktury
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tynku. Nie mozna wigc co do zasady potwierdzic¢
faktu gromadzenia soli w tych lekkich wypehia-
czach [1]. Do badanych prébek wprowadzono perlit
ekspandowany, powstajacy w procesie obrobki ter-
micznej szkliwa wulkanicznego. Produkt odznacza
si¢ wysoka odpornosciag na mroz i wilgo¢. Pomimo
wysokiej porowatosci, tatwo hydrofobizuje si¢, co
sprawia, ze moze by¢ niehigroskopijny.

Kolejnym wprowadzonym do zaprawy dodatkiem
jest pyt krzemionkowy, bedacy odpadem przemyshu
hutniczego. Dodatek pytow krzemionkowych poczaw-
szy juz od niewielkiej ilo$ci: rzedu 2—-3% masy cemen-
tu zwieksza zageszczenie struktury poprzez wypetnie-
nie wolnych przestrzeni, nastepuje znaczne zmniej-
szenie porowatosci w obszarze porow kapilarnych.
Dodatkowo mikrokrzemionka ma pozytywny wplyw
na takie cechy zaprawy jak: wodoprzepuszczalnosc,
redukcja pecznienia, nasigkliwos$¢, wzrost wytrzyma-
osci, wzrasta odpornos¢ na siarczany, podwyzsza si¢
odpornos¢ na dziatanie kwasow 1 wody morskie;j.

Domieszki dodawane do tynkéw renowacyjnych,
to $rodki hydrofobizujace, stuzace lepszej obrébce
1 przyczepnosci oraz srodki nadajgce porowatos¢ (re-
agujace fizyczno-mechanicznie albo chemicznie).

Do przygotowania zaprawy tynkarskiej, na ktorej
przeprowadzono badania, uzyto dodatku napowie-
trzajacego Ceresit CO 84 firmy Henkel. Jest to doda-
tek napowietrzajacy do zapraw i betonow.

3. Przeprowadzone badania

W celu przeprowadzenia badan wykonane zosta-
ty probki zapraw, roznigce si¢ miedzy sobg uzyty-
mi sktadnikami oraz stosunkiem wody do spoiwa.
Probka oznaczona literg A jest proba poroéwnawcza
i zostata wykonana i zbadana w celu ustalenia zmian
wlasciwosci zaprawy po dodaniu kruszywa lekkiego,
jakim jest w tym przypadku perlit oraz domieszki na-
powietrzajacej (probka B). Do probki C poza wymie-
nionymi dodatkami wprowadzono mikrokrzemionkg.
Zaprawa A nie jest tynkiem renowacyjnym. Do wy-
konania probek tynku uzyto cementu portlandzkiego
CEM 1 42,5 o gestosci nasypowej w stanie luznym
rownej 1,2 g/cm?. Ggsto$¢ zastosowanego wapna to
0,5 g/cm®, natomiast piasku — 1,76 g/cm?® (frakcja
0,2—0,6mm). [los¢ wody dobierana byta doswiadczal-
nie, na podstawie pomiar6w konsystencji

Na stezonej zaprawie przeprowadzono nastgpu-
jace badania: ggstos¢, wytrzymato$¢ na rozcigganie
przy zginaniu, wytrzymalos¢ na $ciskanie, stosunek
wytrzymatosci, kapilarna absorpcja wody, gtebokosé¢
przenikania wody.

Wyznaczenia gestosci stwardnialej zaprawy wraz
z porami powietrznymi dokonano obliczeniowo,
dzielac masg¢ probki przez jej objetos¢. Na podstawie
badan ggstosci objetosciowej stwardniatej zaprawy
mozna stwierdzi¢, ze dodawanie do jej sktadu po-
szczegblnych komponentéw byto celowe i uzasad-
nione. Dzigki temu osiggni¢te zostaly wartos$ci ge-
stosci zgodne z zaleceniami. Obnizona zostata masa
zaprawy, co ma pozytywny wplyw na wiasciwosci
robocze i uzytkowe tynku.

Warto$¢ wytrzymatos$ci na rozcigganie przy zgina-
niu dla tynkéw renowacyjnych nie jest zdefiniowana
w normie PN-EN 998-1 [2]. Nie okre$la jej réwniez
instrukcja WTA [3]. Powinna by¢ ona jednak zba-
dana, w celu okreslenia stosunku wytrzymatosci na
sciskanie do wytrzymalo$ci na rozcigganie, ktoérego
maksymalna warto$¢ okreslona jest w tablicy 2 in-
strukcji WTA [3].

Wyznaczenia wytrzymalo$ci na S$ciskanie pro-
bek tynku wykonano na prasie wytrzymatosciowe;.
Domieszka napowietrzajaca oraz perlit przyczynity
si¢ do obnizenia wartosci wytrzymatosci na $ciskanie
(probka B) do wielkosci dopuszczalnej przez norme.
Z kolei probka C, zawierajaca dodatek mikrokrze-
mionki, odznacza si¢ nieco wyzszg wytrzymatoscia
na $ciskanie, przy czym jej warto$¢ nadal nie przekra-
cza wartosci dopuszczalnej.

Stosunek wytrzymatosci na $ciskanie do wytrzy-
matos$ci na rozcigganie wyznaczony zostat oblicze-
niowo.

W oparciu o instrukcje WTA [3] zmierzona zostata
kapilarna absorpcja wody poprzez spod prébki po 24
godzinach. Prébki zostaly zwazone, nast¢pnie zanu-
rzone w wodzie na glebokos¢ 2 mm i po uptywie wy-
maganego czasu ponownie zwazone. Z roznicy mas
probek przed i po zanurzeniu mozna okresli¢ ilos¢
zaabsorbowanej przez nie wody. Badania przeprowa-
dzono na jednej probee z kazdej grupy.

Gtebokos¢ przenikania wody mierzona byta jed-
noczesnie z pomiarem kapilarnej absorpcji wody.
Zmierzono wysoko$¢ podciggania wloskowatego h
w plaszczyznie tupliwosci. Penetracja wody po ab-
sorpcji wody spowodowanej podcigganiem kapilar-
nym nie powinna by¢ wigksza niz 5 mm [2, 3] i jedy-
nie probka C spetnia ten warunek.

4. Otrzymane wyniki i wnioski

Podsumowujac zebrane wyniki badan, mozna
stwierdzi¢, ze wprowadzenie do zaprawy perlitu oraz
domieszki napowietrzajacej Ceresit CO 84 przyczy-
nito si¢ do zmniejszenia gestosci objetosciowe] za-
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prawy oraz drastycznego spadku parametrow wytrzy-
matosciowych, co z punktu widzenia wymagan nor-
mowych dla tynkéw renowacyjnych jest korzystne.

Sktad zaprawy C réznit sie od sktadu zaprawy
B jedynie tym, ze niewielka ilos¢ piasku zastgpiono
pytem krzemionkowym. Przy uzyciu doktadnie tej
samej ilo$ci wody zarobowej miara rozplywu zma-
lata z 16 do 14,5 cm. Dodatek pytu krzemionkowe-
go spowodowat nieznaczne roznice w badaniach
wytrzymalosci. Wytrzymato$¢ na Sciskanie zaprawy
z mikrokrzemionkg wzrosta, natomiast wytrzymatos$¢
na rozcigganie przy zginaniu zmalata. Zaréwno war-
tos¢ wytrzymatosci na Sciskanie, jak i1 stosunku wy-
trzymatos$ci odpowiadaja wymaganiom normowym.
Nastgpita niewielka redukcja ilosci wody pochtonie-
tej przez material wskutek transportu kapilarnego.
Wysokos¢ podciggania kapilarnego tak zmodyfiko-
wanej zaprawy byta najnizsza w poréwnaniu do po-
zostalych probek i byta rowna maksymalnej dopusz-
czalnej wysokosci, wynoszacej 5 mm. Zaprawa o tak
dobranym sktadzie odpowiada wszystkim zbadanym
zaleceniom normowym.

Na podstawie analizy obrazéw uzyskanych z elek-
tronowego mikroskopu skaningowego (SEM) stwier-
dzi¢ mozna, ze najlepiej pod wzgledem mikrostruktu-
ry wypadta probka C z mikrokrzemionka. W prébce
tej obecne sg formy tobermorytowe znacznie bardziej
widoczne niz na pozostalych probkach. Tobermoryt
widoczny jest na zdjeciach w postaci blaszek.
Zauwazalna faza C-S-H nie ma okreslnego wygladu,
czesto ma posta¢ gabki. Widmo EDS wykazalo obec-
nos¢ nastepujacej grupy pierwiastkéw: C, O, Na, Mg,
Mo, K, Ca, Al.
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ABOUT THE PROCESS OF INVESTMENT
AND REALIZATION OF POSTWAR SACRED BUILDINGS

Abstract

After 1945, the situation of the Catholic Church in Poland has undergone radical changes. In years 1945-2000 there
was a very dynamic time for systemic economic change in our country, determining the formation of architecture also
influencing its aesthetic qualities. This applies especially to religious architecture, whose free development during this
period was strongly disturbed. New conditions in which investors had to operate the church - makers after 1945 the
construction of temples, significantly influenced the possibility of proper functioning and development of the sacral. This
article attempts to analyze the basic mechanisms directly affecting the process of investment-realization and, consequently,
the evolution of architectural forms of contemporary churches, performed in the Archdiocese of Cracow in 1945-2000.

Keywords: church architecture, church, investment process, realization process

1. Introduction

After World War 11 the situation of the Catholic
Church in the Archdiocese of Cracow and throughout
Poland has undergone radical changes. Changing
conditions in which the church had to operate after
1945, the construction of temples, the setting changes
political, economic and social, to a large extent
influenced the possibility of proper functioning
and development of sacral and the evolution of
architectural forms of churches.

Despite the enormous difficulties and the complex
political and economic conditions that accompany the
construction field, in the period of 1945-1989 the largest
number of Catholic churches were built in the the
Archdiocese of Cracow, as well as in the whole country.

Table 1. Statement of the Archdiocese of Cracow
quantitative churches emerged in the years 1945-2000
(according to the development of the author) [1]

il cﬂﬁ?cbﬁés
YEARS CHURCHES sacHbiocesecracow | TOTAL
PARISHOF CRACOW | " acow)
1.1945-1970 4 3 37
11.1971-1989 31 9% 126
1. 1990-2000 10 19 29
1945-2000 192

2. The process of investment and realization of projects
of the Catholic Church - against the background of the
prevailing political, economic and social conditions

The typical range of years: 1945-2000, the scope
of the first 25 years — within the period of post-war
Poland - a time when the Catholic Church won on the
then authorities, permission to build only single church
buildings. During this period, the rules contradicted the
construction of new temples. It was believed that the
existing number of churches is sufficient and strongly
restricted sacral development. Religious architecture
flourished during this time stages. The first years are
characterized mainly by rehabilitation, reconstruction
and revival of the national monuments of culture [2].

The first post-war years were a period of more
creative freedom, it is from 1950 to the end of the sixties
that the most critical situation of investment-realisation
occured. The reason was, among others, the economic
difficulties resulting from inefficient economic system,
the constant changes in the structure of the ministries
responsible for matters of architecture, urban planning,
construction, municipal and housing and related
limitations due to extensive regulatory system [3].
Revised and updated rules had to force a rational
and disciplined action which also caused enormous
difficulties throughout the construction process [4].
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In the years 1945-1970 in the Archdiocese of
Cracow, a lot of temples were built from scratch. It
was the hardest time in the history of the construction
of churches in our country. The difficulties associated
with the process of investment and construction,
undoubtedly exerted a huge influence in cultural and
historical context, and in particular prevailing social
and political conditions. It was related to the number
of built temples and their architecture - in particular
the size of the object, its shape and appearance. In this
period, it was only possible by the investor winning
the church permits: reconstruction, expansion or
construction of an additional sacred objects. The
function of religion church (as a social activity,
charity, etc.) was limited only to the precincts of the
existing temples. Prevented from activities outside
the walls of the church. Furthermore, despite the
period of intense urbanization of the country, the
construction of new church buildings in a completely
new place was extremely difficult, almost forbidden.
In the city of Cracow, it was only allowed to complete
the construction of the church in Prokocim, as well
as the expansion and reconstruction of five chapels,
serving as parish churches (Pychowice, Przegorzaty,
Bronowice Matle, Bienczyce, Rakowice) [5].

With the implementation of the sacred architecture
of its creators — architects, investors, in most cases,
accompanied inherently complicated system of
dependencies and conditions. It resulted in great
difficulties, often impossible to circumvent. These
resulted primarily from considerations: economic,
social, financial and political. Churches were built
over a period of several years, in the economic
system, the forces of the local parishioners. During the
construction encountered difficulties ware not only for
the authorities but also the problems associated with the
lack of availability of materials, lack of implementation
of the order to take the church by the then construction
companies (because the object ecclesiastical) [6], etc.

Despite the difficult economic situation, due to
the shortage of building materials on the market and
the related correcting common sizes of temples, the
authorities still hinder the issuing of permission for the
construction of new churches. In difficult conditions,
actions taken to expand the small chapels, or in the
maintenance of historic buildings. To meet the basic
requirements of the pastoral, construction work also
started without the necessary permits. Andrzej Sznajder
and priest Wiladystaw Piotr Wlazlak, the actions of
a similar vein, accompanying the construction of
churches in the diocese of Czestochowa, described as
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follows: The authorities’ actions (...) were, however,
unchanged, since in 1962 the license was issued only
for the repair and maintenance of sacred objects (...),
but still threading licenses to build new churches. In
the following years was not considered any permits
for the construction of temples, which was a particular
expression of the arrogance of the regional authorities.
This was confirmed by the decision of 1965, when
he was authorized to rebuild the burnt temple (...),
and other construction plans remained unanswered,
translating them in time.

(...) Previously issued four licenses for the construction
of churches have been suspended due to shortages
of materials, which was a clever excuse communists.
(...) The diocesan authorities alerted on numerous
construction needs. Even begged for barrack, which
could act as a chapel. (...) However, the communist
authorities were intransigent and fixed firmly on the
basis of current policies sacral, that is not issuing any
licenses or looping indefinitely any procedures [T].

The complicated situation in the implementation
of sacred objects persisted to the end of the sixties.
It was only in 1970, after the change of the political
authorities that there was an improvement of relations
between the state and the Catholic Church. However,
radical changes in policy construction, with regard to
the Roman Catholic churches, brought the beginning
of the eighties of the twentieth century. Until then,
continue to constrain and provided with bureaucratic
barriers. Never had to build new church buildings
in a separate place. The first architectural projects
against the political conditions were possible only
as part of extensions, additions, remodeling and
renovation of existing churches. Most specific veil for
the construction of new church buildings were called.
general repairs, which involved the replacement of
the structure, usually around the object [8].

In the Archdiocese of Cracow — in the city of
Cracow — this is how the 16 temples were built [9].
In the first years after the war, in the diocese only
necessary works to complete - broken during the
war - construction of churches were done, as well
as works related to interior design - temples built
before World War 11 [10]. Very small numbers of new
religious buildings were created

Up to the eighties it was extremely difficult to
obtain permission to build the temple. Administrative
proceedings on the authorization were deliberately
complicated and spun in time. The feasibility of
religious architecture, determined numbers issued
by the state laws, decrees, regulations [11], etc., as
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well as illegal activities that were undertaken in order
to eliminate the church building [12]. Introduced
regulations that were designed, among other things,
to inhib the development of the territorial structure of
the diocese and to block the possibility of establishing
new parishes, caused a negative impact on the field of
religious architecture and prevented the harmonious
increase in the number of new churches [13].

Obtaining the coveted building permit was possible
in special situations of social tension (1956, 1970,
1976, 1980-1981) [14], when the regime courted the
favor of the Church and wanted something politically
to win. Then also expressed agreement on common
architectural competitions organized by the SARP [15]
(such as competition for the temple in Nowa Huta-
Bienczyce settled in 1957). However, these decisions
were short-lived and quickly reiterated the policy of
damming problems, such as: hitherto withdrawing
authorizations granted or not allowing for the
implementation of the next construction of churches.

Due to the difficult and rich history of the
construction process, an eloguent remains today
as was the situation in the Archdiocese of Cracow,
associated with the construction of the first church
in Nowa Huta-Bienczyce, “the city without God”,
which was originally obtained permission to build a
church, then has been withdrawn [16]. Fight of Nowa
Huta population remains to this day a symbol of social
resistance against the atheistic indoctrination [17].

Therefore, in the first period of post-war years: 1945—
1970, taking into account the comparative summary
for the remaining time ranges (1971-1989 and 1990—
2000), special attention is paid to great disproportion
in the number of completed church buildings.

From 1951 until 1955 in Poland there were built
only 86 Catholic churches. After 1956, as a result of
political turning point, after the events in October, there
was a temporary improvement in relations between
the state and the church. Granted if more permits for
the construction of sacred buildings — from January
1957 to May 1958 245 permits to build new churches
and chapels throughout the country were issued [18].

Majority in terms of new implementation and
obtained permits for the construction of religious
buildings in the Archdiocese of Cracow, is in the
second period, covering the years 1971-1989, and
particularly rich in new sacred projects — eighties of
the twentieth century.

Despite the unfavorable attitude of the state
authorities to the Catholic Church, from the time
her attitude was changing and new permits to build

and express consent for the creation of new parishes
were issued. While in the seventies of the twentieth
century, yet strong objections to the construction of
new churches occurred, replaced by sophisticated
methods such as “maneuvering and procrastination
issues”, “opportunistic, tactical maneuverings”,
“playing for time”, “verbal jostling” but in situations
no way “regulation permits” [19], in the eighties,
there was a spontaneous explosion in the church
building. (...) An explosion of construction sakranego
and ecclesiastical observed in the eighties, has found
its cause in changing the ratio of state to this field of
religious life, and the ““Ordinance No. 47”” [20] meant
the actual end of the battle of churches [21].

This phase is charaterised by tough times and
years of the communist regime, when suddenly and
unexpectedly built more than 2.000 new churches.

Both the Catholic Church and investors and
architects were not prepared to take this new and
suddenly appearing task. Therefore, the process
of design, and the entire administrative procedure
extremely complicated construction project, it has
become a challenge for all.

T. P. Szafer wrote: “Never before have so many and
in such a short time was not built, and never focused
on construction of churches as the considerable efforts
of design, investor and executive. It seems historical
analogy to the emotional climate attendant to
construction we find a church in distant history, when
were first Polish churches and monasteries” [22].

The massive building of churches of the seventies
and eighties of the twentieth century, Beata
Malinowska-Petelenz called: ““a kind of antidote to
the exploration of spatially degraded environment,
the wider social protest, and a forum for political
opposition” [23]. The complicated situation that
accompanied all endeavors and church buildings in
the years 1971-1989, maintained up up the end of
the eighties. Political breakthrough in 1989 caused a
radical change in the conditions of sacred architecture.
After the final legal [24] regulation of the situation
of the Church in Poland, including sacral investors
church received, along with others, complete freedom
of action, and the development environment of
creative freedom regained.

Phase Il is the period of years 1990-2000, when
the situation normalized politically and economically
and total creative freedom occurred in the field
of architecture and sacral. New regulations in the
“religious laws” have a significant impact on the field
of sacred architecture. The process of investment and
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realisation underwent considerable simplification.
New temples were built without any constitutional or
economic restrictions. They are implemented without
haste and in situations when needed in the parish.

In summary the investment process in the field of
religious architecture in the years1945-2000, we can
conclude that in the first post-war period there were
the biggest constraints in obtaining permission to
build new churches and chapels. Existing provisions
led to a paralysis of all investments of sacral. The
work of designers, due to the current legislators and
government policy, inflicted against the Church,
was significantly reduced. Works carried out using
the forces of the local parishioners, without the
participation of specialized companies that could not
undertake the construction of Catholic churches. The
building process usually lasted for dozen or so years,
and the complicated situation investment remained
until the end of the sixties.

In the second period of the years 1971-1989, the
situation has significantly changed. While in the early
years, there were still red tape and technological
constraints, and further the process of investment and
realization was hamperedby the deepening economic
crisis of the country. However, in subsequent years,
after 1975, a gradual liquidation of arrears begins.
The creators of sacred architecture regain freedom
of action. Social and Political transformation in 1980
created opportunities to build new churches, on a
completely separate plots. Therefore, everything is
built, in any quantities and varied. Architectural effect
depends only on the designer and his technical skills.

In the third period of years 1989-2000, to obtain
permission to build a church is just a formality — the
fulfillment of formal and legal requirements, and
conducting appropriate administrative procedure.
Developers temples regain full flexibility and
individuality in the process of shaping forms of

Fig. 1. The church Najswietszej Marii Panny Krolowej Polski, ,,Arka Pana”, Cracow-Nowa Huta; 1967-1977, designed
by Wojciech Pietrzyk; Construction of the first church in the working-class district Cracow-Nowa Huta, who
became a symbol of the times associated with the difficulties that occurred in the church realizations in the postwar
years; history of the origin of the temple is associated with the defense of the cross by the inhabitants of Nowa
Huta in 1960, in the place where he had originally built the church for: http://fotopolska.eu/473009,foto.html,

19.02.2014
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architecture and works of plastic expression. The
concept and composition, urban and interior design
of the temple, the selection of the detail and pieces
of equipment, there are problems that depend only
on the artist himself, his technical skills, experience,
self-discipline. Individuality and conceptual design
goes hand in hand with the professional way to do,
using the latest technologies and systems available
on the market. Contemporary art engineering and
construction allows to overcome increasing the span,
height, lightweight design and their spectacular
visibility. There are various types of new construction
and architecture - the richness of the diverse forms
and shapes, affecting the atmosphere of the sacred.
Today it is only the economic side of investment that
is complex. It is jointly controlled by conditions of the
economic system and the development of technology.

Fig. 2. The church Najswigtszej Marii Panny Krolowej
Polski, ,,Arka Pana”, Cracow-Nowa Huta; 1967-1977,
designed by Wojciech Pietrzyk; construction of the
first church in the working-class district Cracow-Nowa
Huta, for: http://arkapana.pl/o-kosciele, 19.02.2014

Fig.3. The church Naj$wigtszej Marii Panny Krolowej
Polski, ,,Arka Pana”, Cracow-Nowa Huta; 1967-1977,
designed by Wojciech Pietrzyk; concept of spatial
development, according to T. Przemystaw Szafer [25]

Fig. 4. The church St Jadwiga In Cracow-Krowodrza, 1978—
1988, designed by Romuald Loegler, Jacek Czekaj;
Construction of the church on a new housing estate,
the property was erected for a period of 10 years image
archive for: http://mwww.swietajadwiga.diecezja.pl,
7.05.2012

Fig.5. The church St Jadwiga in Cracow-Krowodrza,
1978-1988, designed by Romuald Loegler, Jacek
Czekaj; Variant Il development plan, according to T.
Przemystaw Szafer [26]

Fig. 6. The church St Jadwiga In Cracow-Krowodrza, 1978
1988, designed by Romuald Loegler, Jacek Czekaj;
diagram of the modular grid of the church, according
to Romualda Loeglera [27]
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3. Conclusions

Throughout the period of operation of the communist
system in Poland, part of which was to reduce sacral,
investments of Church accompanied by complicated
system dependencies. A time of great transformation,
eliminating the devastation of war and intensive
industrialization and urbanization of the country,
favored the multiplication of many legal documents.

Religious Architecture became separate, with its
own individual character, chapter in the sacral area.
Archdiocese of Cracow played a significant role in
the difficult period in which the Catholic Church
was then. She grew up with a deep public demand.
It is a testament to the aesthetics of the era: shows
the transformation of the then living and social
interaction, is an image of change, a subsidiary of the
political and economic transformation of the social
and legal system as well as unparalleled anywhere
else difficulties in the implementation of the object
and dragging investment for years.

Complicated conditions at the stage of the
investment process very significantly influenced the
number of emerging Catholic churches - in particular
periods of time.

Despite the enormous difficulties and the complex
political and economic conditions that accompanied
the construction field, in the period 1945-1989 the
largest number of Catholic churches were established,
built in the the Archdiocese of Cracow, as well as in
the whole country.
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0 procesie inwestycyjno-realizacyjnym
powojennych przedsiewziec sakralnych

1. Wstep

Po II wojnie §wiatowej sytuacja Kosciota katolickie-
go na terenie Archidiecezji Krakowskiej jak i w calej
Polsce ulegla radykalnym zmianom.

Zmiana warunkow, w jakich przyszilo dziata¢ in-
westorom kos$cielnym podejmujacym po 1945 roku
budowe $wiatyn, zachodzace przemiany polityczno-
-gospodarczo-spoteczne, w znaczacym stopniu wpty-
nety na mozliwos¢ prawidtowego funkcjonowania
i rozwoju budownictwa sakralnego oraz na ewolucje
form architektonicznych kosciotow.

Pomimo ogromnych trudnosci oraz skomplikowa-
nych uwarunkowan ustrojowo-gospodarczych, to-
warzyszacych tej dziedzinie budownictwa, w latach
lat 1945-1989 powstala najwicksza ilos¢ kosciolow
katolickich, wzniesionych na terenie Archidiecezji
Krakowskiej, a takze w skali catego kraju.

2. Proces inwestycyjno-realizacyjny przedsiewzie¢
koscielnych - na tle panujacych warunkow
polityczno-gospodarczo-spotecznych

Lata 1945-1970, to czas, kiedy Kosciot Katolicki
wywalczyt — u dwczesnych wladz — zezwolenia na
budowe tylko pojedynczych budowli koscielnych.
W okresie tym z zasady sprzeciwiano si¢ budowie
nowych swigtyn. Uwazano, ze istniejgca ilo$¢ koscio-
1ow jest wystarczajaca i zdecydowanie programowo
ograniczano rozwoj budownictwa sakralnego.

O ile pierwsze lata powojenne byly jeszcze okre-
sem pewnej swobody twdrczej, to od roku 1950 do
konca lat szes¢dziesiatych miata miejsce najbardziej
krytyczna sytuacja inwestycyjno-realizacyjna. Powo-
dem byly miedzy innymi trudnos$ci ekonomiczne wy-
nikajace z nieefektywnego systemu gospodarczego,
nieustanne zmiany w strukturze ministerstw odpowie-
dzialnych za sprawy architektury, urbanistyki, budow-
nictwa, gospodarki komunalnej i mieszkalnictwa oraz
zwigzane z tym wszelkie ograniczenia spowodowane
rozbudowanym systemem uregulowan prawnych [2].
Gaszcz stale zmienianych i aktualizowanych przepi-
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sow miat na celu wymusi¢ racjonalne i zdyscyplino-
wane dziatanie, powodowat rowniez ogromne utrud-
nienia w catym procesie budowlanym [3].

Przy realizacji architektury sakralnej jej tworcom
— architektom, inwestorom, w wigkszosci przypad-
kow, towarzyszyt nieodtgcznie skomplikowany uktad
zalezno$ci 1 uwarunkowan. Powodowalo to ogrom-
ne utrudnienia, czgsto niemozliwe do ominigcia.
Wynikaly one przede wszystkim z uwarunkowan:
gospodarczych, spotecznych, finansowych oraz po-
litycznych. Obiekty koscielne wznoszone byly przez
okres kilkunastu lat systemem gospodarczym, sitami
miejscowych parafian. W trakcie budowy napotyka-
no nie tylko na utrudnienia ze strony wiladz, ale takze
problemy zwigzane z brakiem dostgpno$ci materia-
16w budowalnych, brakiem podjecia zlecenia realiza-
cji kosciota przez dwcezesne firmy budowlane (z racji
obiektu koscielnego), [4] itd.

Pomimo trudnej sytuacji gospodarczej, z uwagi na
braki materiatéw budowlnych na rynku i zwigzanym
z tym czgstym Kkorygowaniem rozmiardw Swiatyn,
wiladze ciagle utrudnialy wydawanie zgody na bu-
dowe nowych kosciotow. Dlatego w trudnych wa-
runkach podejmowano dziatania w celu rozbudowy
matych kaplic czy tez w konserwacji zabytkowych
obiektow. Aby sprostaé podstawowym wymogom
duszpasterskim, rozpoczynano takze prace budowlane
bez koniecznych pozwolen. Andrzej Sznajder oraz Ks.
Wiadystaw Piotr Wlazlak dziatania o podobnym tonie,
towarzyszace budowie kosciotow na terenie diecezji
czestochowskiej, opisali w nastepujacy sposob: Dzia-
tania wladz (...) byly jednak niezmienne, gdyz w 1962
r. wydano pozwolenie zaledwie na remont i konserwa-
cje obiektow sakralnych (...), jednak przewlekano na-
dal wydanie pozwolen na budowe nowych kosciotow.
W nastepnych latach nie rozpatrywano Zadnych po-
zwolen na budowe swigtyn, co bylo szczegolnym wy-
razem arogancji wiladz wojewodzkich. Potwierdzila to
decyzjaz 1965 r., kiedy wydano zgode na odbudowanie
spalonej swigtyni (...), zas inne plany budowlane po-
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zostawiono bez odpowiedzi, przekladajgc je w czasie.

(...) wydane dotychczas cztery pozwolenia na budo-
we kosciotow zostaly zawieszone ze wzgledu na braki
materiatowe, co bylto zreczng wymowkq komunistow.
(...) wladze diecezjalne alarmowaty w sprawie licz-
nych potrzeb budowlanych. Blagaty chocby o barak,
ktory mogtby spetniac role kaplicy. (...) wladze komu-
nistyczne byly jednak nieprzejednane i staly twardo
na gruncie dotychczasowej polityki w zakresie bu-
downictwa sakralnego, czyli niewydawania Zadnych
pozwolen lub przewlekania w nieskonczonos¢ wszel-
kich procedur [5].

Skomplikowana sytuacja w procesie inwestycyjno-
-realizacyjnym obiektow sakralnych utrzymywata si¢
do konca lat szes¢dziesiatych. Dopiero w roku 1970,
po zmianie witadz politycznych, nastgpita poprawa
stosunkow pomigdzy panstwem, a Kosciotem katolic-
kim. Jednak radykalne zmiany w polityce budowla-
nej, odnosnie swigtyn rzymskokatolickich, przyniost
poczatek lat osiemdziesigtych XX wieku. Do tego
czasu nadal pigtrzono trudnosci i stwarzano biurokra-
tyczne bariery. Nie wolno tez byto budowaé¢ nowych
obiektéw koscielnych na odrebnym miejscu. Pierwsze
realizacje architektoniczne na tle warunkow politycz-
nych mozliwe byly jedynie w ramach przeprowadza-
nej: rozbudowy, dobudowy, przebudowy oraz remon-
tu istniejacych kosciotow. Najczesciej specyficzng za-
stong dla budowy nowych obiektéw koscielnych byty
tzw. remonty generalne, ktore wigzaty si¢ z wymiang
konstrukcji, zazwyczaj calego obiektu [6].

Na terenie Archidiecezji Krakowskiej — w samym
miescie Krakowie — w ten sposob powstato 16 $wig-
tyn [7]. W pierwszych latach powojennych, w diece-
zji, podjeto jedynie niezbedne prace zmierzajace do
ukonczenia — przerwanych w czasie wojny — budow
kosciotéw oraz prace zwigzane z wyposazeniem
wnetrz — §wigtyn wzniesionych jeszcze przed 11 woj-
ng Swiatowg [8]. Bardzo nielicznie powstawaly nato-
miast nowe obiekty sakralne.

Do roku osiemdziesigtego niezmiernie trudne bylo
uzyskanie pozwolenia na budowe $wiatyni. Postepo-
wanie administracyjne w sprawie zezwolen celowo
komplikowano 1 wydhuzano w czasie. O mozliwo$ci
realizacji architektury sakralnej decydowaty licznie
wydawane przez wtadze panstwowe ustawy, dekrety,
rozporzadzenia [9] itd., a takze bezprawne dziatania,
ktore podejmowane byly w celu eliminacji budow-
nictwa koScielnego [10]. Wprowadzane uregulo-
wania prawne, ktore miaty na celu miedzy innymi:
hamowanie rozwoju struktury terytorialnej diecezji
oraz blokowanie mozliwosci powotywania nowych

parafii, wywolywaly negatywny wplyw na dziedzing
architektury sakralnej i uniemozliwialy harmonijny
wzrost ilosci nowych kosciotow [11].

Uzyskanie upragnionego pozwolenia na budowe
mozliwe byto w sytuacjach szczegdlnych napieé spo-
tecznych (1956, 1970, 1976, 1980-1981) [12], kie-
dy rezim zabiegal o przychylno$¢ Kosciota i chciat
cos$ politycznie wygra¢. Wowczas wyrazano rowniez
zgode na powszechne konkursy architektoniczne or-
ganizowane przez SARP [13] (jak np.: konkurs na
swiatyni¢ w Nowej Hucie-Bienczycach rozstrzygnig-
ty w 1957 roku). Jednak decyzje te byly krotkotrwate
1 szybko powracano do polityki pietrzenia trudnosci,
np.: wycofujagc dotychczasowo udzielone zezwole-
nia, czy tez nie dopuszczajac do realizacji nastepnych
budow kosciotow.

Ze wzgledu na trudne i bogate dzieje procesu budo-
wy, niezwykle wymowna pozostaje do dzis$ sytuacja,
jaka miata miejsce na terenie Archidiecezji Krakow-
skiej, zwigzana z budowg pierwszego kosciota w No-
wej Hucie-Bienczycach, ,,miescie bez Boga”, gdzie
pierwotnie uzyskane pozwolenie na budowe koscio-
fa, nastepnie zostalo cofnigte [14]. Walka nowohuc-
kiej ludnosci pozostaje do dzi§ symbolem oporu spo-
tecznego przeciwko ateistycznej indoktrynacji [15].

Dlatego tez w pierwszym okresie lat powojen-
nych: 1945-1970, bioragc pod uwage zestawienie
porownawcze dla pozostalych zakreséw czasowych
(1971-1989 1 1990-2000), szczegdlng uwage zwraca
wielka dysproporcja ilosci zrealizowanych obiektow
koscielnych [16].

Najliczniejszy pod wzgledem nowych realizacji
1 uzyskanych pozwolen na budowe¢ budowli sakral-
nych, na terenie Archidiecezji Krakowskiej, jest
okres II, przypadajacy na lata 1971-1989, a w szcze-
g6Inosci obfitujace w nowe realizacje sakralne — lata
osiemdziesigte XX wieku.

Mimo nieprzychylnego nastawienia witadz pan-
stwowych do Kosciota katolickiego, z czasem jej
stosunek ulegat zmianom i zaczgto wydawacé nowe
pozwolenia na budowe oraz wyraza¢ zgody na two-
rzenie nowych parafii. Wprawdzie w latach siedem-
dziesiagtych XX wieku, wystepujace dotychczas zde-
cydowane sprzeciwy na budowe nowych kosciotow
zastagpiono wyrafinowanymi metodami takimi jak:
,lawirowanie i odwlekanie spraw”, ,.koniunkturalne,
taktyczne zagrywki”, ,,gra na zwtoke”, ,,stowne prze-
pychanki”, skuteczna ,,spychotechnika”, natomiast
w sytuacjach bez wyjscia ,,reglamentacja pozwolen”
[17], to w latach osiemdziesigtych doszto do zywio-
lowej eksplozji w budownictwie sakralnym. (...)
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prawdziwa eksplozja budownictwa sakranego i ko-
Scielnego, obserwowana w latach osiemdziesigtych,
znalazta swq przyczyne w zmianie stosunku witadz
panstwowych do tej dziedziny zycia religijnego, zas
., Zarzgdzenie nr 47 ’[18] oznaczalo faktyczny koniec
bitwy o koscioty [19].

Fazie tej przypadaja trudne czasy rezimu komuni-
stycznego oraz lata, kiedy nagle i niespodziewanie
wybudowano ponad 2000 nowych §wiatyn.

Zarowno Kosciot katolicki jak i inwestorzy oraz
architekci nie byli przygotowani do podjecia tego
nowego i nagle pojawiajacego si¢ zadania. Dlatego
przebieg procesu projektowego, procedury admini-
stracyjnej oraz calego niezwykle skomplikowanego
przedsiewzigcia realizacyjno-budowlanego, stat sig
dla wszystkich sporym wyzwaniem.

T. P. Szafer napisat: ,, Nigdy dotqd, tak wiele i w tak
krotkim czasie nie zbudowano, nigdy tez nie skupiono
przy wznoszeniu koSciotow tak znacznych wysitkow
projektowych, inwestorskich i wykonawczych. Wydaje
sig, historyczng analogi¢ do emocjonalnego klimatu
towarzyszgcemu budownictwu koscielnemu mogliby-
smy odnalez¢ w odlegtych dziejach, gdy powstawaty
pierwsze polskie koscioly i klasztory” [20].

Masowe budowanie kosciotow lat siedemdziesia-
tych i osiemdziesigtych XX wieku, Beata Malinow-
ska-Petelenz nazwala: ,, swoistym poszukiwaniem an-
tidotum na zdegradowane przestrzennie srodowisko,
szeroko pojetym protestem spotecznym, a takze forum
opozycji politycznej” [21]. Skomplikowana sytu-
acja, jaka towarzyszyta wszystkim przedsiewzigciom
i realizacjom ko$cielnym lat 1971-1989, utrzymywa-
a si¢ wlasciwie do konca lat osiemdziesiatych. Po-
lityczny przelom 1989 roku spowodowat radykalne
zmiany w uwarunkowaniach architektury sakralnej.
Po ostatecznym prawnym [22] uregulowaniu sytuacji
Kosciota w Polsce, w tym réwniez budownictwa sa-
kralnego, inwestor koscielny uzyskat, na réwni z in-
nymi podmiotami, petng swobodg¢ dziatania, a $rodo-
wisko projektowe odzyskalo swobode tworcza.

Faze III okresu lat 1990-2000, cechuje unormowa-
na sytuacja polityczno-gospodarcza i catkowita swo-
boda tworcza w dziedzinie architektury i budownic-
twa sakralnego. Nowe uregulowania prawne zawar-
te w ,,ustawach wyznaniowych” miaty zasadniczy
wpltyw na dziedzine architektury sakralnej. Proces
inwestycyjno-realizacyjny ulegt znacznym uprosz-
czeniom. Nowe $wiatynie budowane sa bez zadnych
ograniczen ustrojowo-gospodarczych. Realizowane
sa bez pospiechu i w sytuacjach, gdy zachodzi taka
potrzeba w danej parafii.

28

Podsumowujac sam proces inwestycyjny w dzie-
dzinie architektury sakralnej, przetomu lat 1945-
2000, mozna stwierdzi¢, ze w pierwszym powojen-
nym okresie wystepowaty najwicksze ograniczenia
w uzyskiwaniu zezwolen na budowg¢ nowych koscio-
Iow i kaplic. Obowiazujace przepisy prowadzity do
paralizu wszystkich inwestycji o charakterze sakral-
nym. Twoérczos¢ projektantow, z uwagi na obowigzu-
jace ustawodastwo oraz polityke wiadz, wymierzong
przeciwko KosSciotowi, byla znacznie ograniczona.
Roboty budowlane realizowano tzw. systemem go-
spodarczym, sitami miejscowych parafian, bez udzia-
hu wyspecjalizowanych firm, ktére nie mogty podjac
si¢ budowy obiektow, jakim byly §wiagtynie katolic-
kie. Proces budowlany trwat najczesciej do kilka-
nastu lat, a skomplikowana sytuacja inwestycyjna
utrzymywata si¢ do konca lat szesédziesiatych.

W 1II okresie — lata 1971-1989, sytuacja ta ulegta
znaczgcym zmianom. Wprawdzie w pierwszych la-
tach nadal wystepowaty ograniczenia biurokratyczne
i technologiczne, a dodatkowo proces inwestycyj-
no-realizacyjny utrudniat poglebiajacy si¢ kryzys
gospodarczy kraju. Jednak w kolejnych latach, po
roku 1975, rozpoczyna si¢ stopniowa likwidacja po-
wstatych zaleglo$ci. Tworcy architektury sakralnej
odzyskuja swobod¢ dziatania. Transformacja spo-
leczno-polityczna roku 1980 stworzyta mozliwosci
budowania nowych kosciotow, na catkowicie od-
rebnych dziatkach. Dlatego tez buduje si¢ wszystko,
w dowolnych ilosciach i roznorodnie. Efekt architek-
toniczny zalezny jest tylko i wytacznie od projektanta
oraz jego umiejetnosci warsztatowych.

W I1I okresie — lata 1989-2000, uzyskanie pozwo-
lenia na budowe kosciota jest juz tylko formalno-
$cig — po spetnieniu wymogoéw formalno-prawnych
i przeprowadzeniu stosownej procedury administracyj-
nej. Tworcy $wiatyn odzyskuja calkowita dowolnosé
1 indywidualno$¢ w sposobie ksztattowania form ar-
chitektury oraz w wyrazie plastycznym dzieta. Kon-
cepcja i kompozycjia urbanistyczna, wystrdj] wnetrza
swiatyni, dobor detalu i elementéw wyposazenia, nie
stanowig problemow, zalezne sg jedynie od samego
tworcy, jego umiejetnosci warsztatowych, doswiad-
czenia, samodyscypliny. Indywidualno$¢ i zatozenia
projektowe idg w parze z profesjonalnym sposobem
wykonania, z wykorzystaniem najnowoczesniejszych
technologii i systemow dostepnych na rynku. Wspot-
czesna sztuka inzynieryjno-budowlana pozwala na po-
konywanie coraz wiekszych rozpietosci, wysokosci,
lekkos$ci konstrukcji oraz spektakularne ich uwidocz-
nienie. Pojawiajg si¢ réznego rodzaju nowinki budow-
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lane, a w architekturze - bogactwo zréznicowanych
form 1 ksztaltow, wptywajacych na atmosferg sacrum.

Skomplikowana do dzi§ pozostaje jedynie ekono-
miczna strona inwestycji, ktora jest wspotzalezna od
warunkéw i systemu gospodarczego oraz rozwoju
techniki.

3. Podsumowanie

Przez caly okres funkcjonowania w Polsce systemu
komunistycznego, ktorego czescig byto ograniczenie
budownictwa sakralnego, inwestycjom koscielnym
towarzyszyl skomplikowany uktad zaleznos$ci. Czas
wielkiej transformacji, likwidowania zniszczen wo-
jennych oraz intensywnej industrializacji i urbaniza-
cji kraju, sprzyjal mnozeniu licznych dokumentow
prawnych.

Architektura sakralna stala si¢ odrgbnym, o wta-
snym indywidualnym charakterze, rozdzialem
w dziedzinie budownictwa sakralnego. W Archidie-
cezji Krakowskiej odegrata znaczaca role w trudnym
okresie, w jakim znalazt si¢ 6wczesny Kosciot kato-
licki. Wyrosta z glebokiego spotecznego zapotrzebo-
wania. Jest Swiadectwem estetyki tej epoki: ukazuje
przemiany Owczesnego zycia i kontaktow spotecz-
nych, stanowi obraz zachodzacych zmian, zaleznego
ustroju politycznego oraz transformacji gospodarczej
i prawno-spotecznej Polski, a takze niespotykanych
nigdzie utrudnien w realizacji obiektow i przecigganie
inwestycji na dlugie lata.

Skomplikowane uwarunkowania na etapie procesu
inwestycyjnego wplynety bardzo znaczaco na liczeb-
no$¢ powstajacych swiatyn katolickich — w poszcze-
gdblnych okresach czasowych.

Pomimo ogromnych trudnosci oraz skomplikowa-
nych uwarunkowan polityczno-gospodarczych, to-
warzyszacych tej dziedzinie budownictwa, w okresie
lat 1945-1989 powstala najwigksza ilo$¢ kosciotow
katolickich, wzniesionych na terenie Archidiecezji
Krakowskiej, a takze w skali catego kraju.
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Abstract

The dynamics of emission of heavy metals compounds into the air in Vinnytsia region (Ukraine) in 2003-2010 years is
analyzed. The level of pollution for compounds of some heavy metals (Cd, Hg) has arisen, for others — has decreased (Pb,
Cr) or has not changed (As, Ni). The sources of such pollution are defined according to the amount of the emissions of
heavy metals compounds in different sectors of economy. In Vinnytsia region they include transport, industrial plants and
municipal sector. Great quantity of transport and hazardous materials are consdered as the reasons of increasing of heavy
metals emissions. Usage of more environment friendly resources (e.g. unleaded gasoline, natural gas instead of coal) is
defined as the reason of reduction of heavy metals emissions.

Keywords: heavy metals, air pollution, emissions

1. Introduction

The problem of pollution with heavy metals and their
compounds in Vinnytsia region is not new. Recently,
however, the situation became more complicated.
Generally, heavy metals emissions have not increased
last years according to official statistics [2]. But due
to insufficient funding of inspecting departments, the
quantity of unauthorized emissions is arisen. It can
potentially lead to “hidden” increasing of the pollution
level. The situation is more dangerous now with
heavy metals transfer to water and soil. At the same
time there is little attention paid to air contamination
with heavy metals and their compounds in Ukraine.
But current secondary importance of this problem
may cause significant environment degradation.

Majority of papers dedicated to pollution of the
environment with heavy metals are focused on
contamination of soil or water [1, 8, 10, 12], since
these environments more often get heavy metals as a
result of human activity. Comprehensive studies of the
impact of heavy metals on air are less known and mostly
related to a specific territory [3, 6, 7, 11, 13] orto a
specific source of pollution [4, 5]. Such investigations

for Vinnytsia region were not conducted. Some
information about the content of these pollutants in
the air of investigated area periodically appears in the
annual reports of the State department of environment
protection in Vinnytsia region [9].

Therefore the aims of this study are to identify the main
sources of income of heavy metals compounds into the
atmosphere in Vinnytsia region, to analyze the dynamics
of heavy metals emissions into the atmosphere, as well
asto identify and to study the possible causes of changes
of pollution level in Vinnytsia region.

2. Material and methods

In this paper the following heavy metals are
selected for analysis: lead, cadmium, mercury,
arsenic, chromium and nickel. This choice is
motivated by the fact that these metals play the
most important role in the environment pollution in
Vinnytsia region. The highest levels of heavy metals
emissions into the air are in such municipalities as
Ladyzhyn, Koziatyn, Vinnytsia, Mogyliv-Podilskyi,
Zhmerynka, Khmilnyk. These municipalities are the
most industrialized in the region and are characterized
by high traffic flows.
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Data of heavy metals emissions into the air in
Vinnytsia region derived from stationary, mobile and
other sources in 2003-2010 years are analyzed. These
data have been extracted and calculated by authors
from the database of the Head department of statistic
in Vinnytsia region.

3. Results and discussion

According to Table 1 the major source of lead

emissions into the atmosphere in Vinnytsia region

is power production. During fuel combustion lead
compounds are emitted with volatile ash.

Not so long ago another important source of lead
compounds was transport. However, since 2007 its
emissions have decreased. This is due to the law banning
the use of tetraethyl lead in fuel. The same reason of
decreasing was found in other countries some years ago
[13]. Another source is construction industry, where
numerous cement plants in Vinnytsia region have lead to
airemissions [3]. In addition, there was growing concern
of increasing the lead emissions in the residential sector
during the last years. It can be associated with increasing
use of varnish, paints, batteries, accumulators and their
next accumulation without any processing.

Table 1. Lead compounds emissions into the air in Vinnytsia region, tons per year

Year
Sector of economy
2003 2004 2005 2006 2007 2008 2009 2010
Power production 1.86 3.140 1.64 2.072 2.010 1.972 1.8
Processing and construction industries - - 0.025 0.008 0.054 0.038 0.044
Railway - 0.013 0.01 0.012 0.021 - -
Transport 0.85 2.811 2.563 2.812 0.033 0.251 -
Commercial sector - 0.005 0.03 0.003 - 0.002 0.003
Residential sector 0.27 0.293 0.246 0.269 0.075 0.227 0.284
Agriculture 0.02 0.029 - 0.015 - 0.003 -
Metal production 0.01 0.007 0.001 0.001 = = =
Gas and Oil industry 0.001 - - 0.003 0.003 - -
Chemical industry 0.01 - - - - - -
Total 3.02 6.3 4.51 5.2 2.19 2.49 2.13 1.99

In general, emissions of lead compounds had
reached a maximum in 2004-2006, then gradually
decreased and stabilized at 2-2.5 tons per year.

Emissions of cadmium compounds started to
increase dramatically in 2008. Moreover, there
are few sources of this growth. First, this is due to
the increasing quantity of transport during fuel
combustion when there is emission of cadmium
compounds. Second, there are constantly increasing

emissions in the residential sector due to the intensive
use of washing detergents which contain cadmium in
households. In addition, in 2009 appeared the new
source — the commercial sector (Table 2), where
increase of emissions of cadmium compounds most
likely caused by batteries use. All above mentioned
things from residential and commercial sectors
transfer to landfills, where they can partly emit heavy
metals compounds (not only cadmium) into the air.

Table 2. Cadmium compounds emissions into the air in Vinnytsia region, tons per year

Sector of economy Year
2003 2004 2005 2006 2007 2008 2009 2010
Processing and construction industries - - - - 0.006 - -
Transport 0.0005 0.002 0.002 0.002 - 0.01 -
Commercial sector - - - - - - 0.115
Residential sector - 0.005 0.003 0.004 0.01 0.076
Agriculture - - - - - - 0,013
Total 0.0005 0.007 0.005 0.006 0.006 0.02 0.204 —*

* Data not available

There was a stability of level of mercury compounds
emissions in 2003-2009, while increase was noticed
in 2010. It can be associated with the start of use of
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luminescent lamps in the households (there was a
growth in the residential sector in 2009 yet). At the
same time, emissions in the power production sector
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have reduced (Table 3). The replacement of coal by
natural gas as the primary fuel for heat production
at thermal power plants may be the reason because

slag wastes of these plants are source of emissions of
mercury compounds.

Table 3. Mercury compounds emissions into the air in Vinnytsia region, tons per year

Sector of economy Year
2003 2004 2005 2006 2007 2008 2009 2010
Power production 0.124 0.137 0.114 0.124 0.127 0.1 0.064
Processing and construction industries - 0.001 0.003 0.004 0.004 0.01 0.009
Railway - 0.001 0.0002 0.001 - - -
Transport - - - - 0.0001 0.001 -
Commercial sector - - 0.0005 - - - -
Residential sector 0.013 0.014 0.003 0.009 0.003 0.01 0.075
Agriculture 0.001 0.001 - 0.001 - 0.03 -
Total 0.138 0.154 0.121 0.139 0.134 0.151 0.148 0.194

One should note the stability of arsenic compounds
emissions from most sources except the residential
sector (Table 4). That can results from impermanent
burning of arsenic-containing materials such as
treated lumber which puts arsenic fumes into the air.

The main polluters are energy companies (especially
thermal power plant in Ladyzhyn) because arsenic
and its compounds are found in solid fuels which are
widely used at different plants.

Table 4. Arsenic compounds emissions into the air in Vinnytsia region, tons per year

Sector of economy Year
2003 2004 2005 2006 2007 2008 2009 2010
Power production 1.612 3.276 1.97 2.643 2.388 1.987 2.069
Processing and construction industries - - 0.03 0.038 0.103 0.046 0.032
Railway - 0.014 0.01 0.013 - - -
Transport - - - - - 0.267 -
Commercial sector - 0.005 0.045 0.002 0.001 0.003 0.003
Residential sector 0.323 0.290 0.273 0.281 0.083 0.242 0.038
Agriculture 0.001 0.032 - 0.016 - - -
Aluminium production - - - - - - 0.051
Total 1.936 3.617 2.328 2,993 2.575 2.545 2,193 2352

Dynamics at Table 5 shows slight but steady
reduction of emissions of chromium compounds. In
some years there are enormous values. For example
in 2004 total emissions of chromium compounds were

3-4 times more than in other years due to increase in
the energy sector, which remains the main source of
air pollution by chromium.

Table 5. Chromium compounds emissions into the air in Vinnytsia region, tons per year

Sector of economy Year
2003 2004 2005 2006 2007 2008 2009 2010
Power production 1.84 6.689 0.948 1.193 1.167 0.963 1.048
Processing and construction industries - 0.017 0.116 0.033 0.185 0.097 0.119
Railway - 0.032 0.025 0.029 - - -
Transport 0.003 0.011 0.01 0.011 - 0.628 -
Commercial sector - 0.011 0.116 0.005 0.002 0.006 0.007
Residential sector 0.518 0.684 0.63 0.657 0.194 0.58 0.19
Agriculture 0.022 0.085 - 0.037 - 0.004 -
Metal production 0.019 0.013 0.042 0.182 0.214 0.032 0.03
Chemical industry 0.017 0.002 0.003 0.002 0.002 - -
Other - - - - 0.051 - -
Total 2.563 7.534 1.89 2.149 1.815 231 1.394 13
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There was also high level of chromium compounds
emissions by transport in 2008 — 60 times more than
in the previous years. Emissions of energy companies
and transport usually contain some chromium
compounds. But it is hard to explain such high levels.
Emissions in the residential sector have reduced in
recent years. However, this sector remains one of the
major sources of chromium compounds emissions into
the air (mainly use of varnish and paints). Reduction
of emissions in the chemical industry during the past
3 years could be explained by stopping of the galvanic
production in Vinnytsia region.

changing with peaks in 2004 and 2008. But last two
years are characterized by relatively low values due
to significant reduction of the emissions in agriculture
(possibly due to significant reduction of the number
of agricultural machinery which use accumulators
that contain nickel) and in the residential sector (by
reducing the use of conventional NiCd batteries and
replacing them by rechargeable batteries, which have
much longer service life). Although fewer emissions
of nickel compounds in the residential sector are not
correlated with an increase of emissions of cadmium
compounds (the main source of nickel and cadmium

From the Table 6 one can see that emissions of nickel  in the residential sector is conventional nickel-
compounds into the atmosphere were constantly —cadmium battery).
Table 6. Nickel compounds emissions into the air in Vinnytsia region, tons per year
Year
Sector of economy
2003 2004 2005 2006 2007 2008 2009 2010
Power production 1.488 3.822 1464 1.847 1.798 1492 161
Processing and construction industries = 0.001 0.046 0.016 0.089 0.011 0.055
Railway - 0.177 - 0.159 - - -
Transport 0.004 0.015 0.014 0.015 - 3.074 -
Commercial sector - 0.006 0.047 0.003 0.001 0.002 0.004
Residential sector 0.279 3.744 0.344 2.044 0.108 3.072 0.006
Agriculture 0.026 0417 - 0.208 - 0.003 -
Metal production 0.003 0.005 0.058 0.029 0.03 0.022 0.028
Total 18 8.187 1973 4321 2.026 7.676 1.703 1.816
The largest supplier of nickel compounds intothe air  References:

in Vinnytsia region is the energy and heat production
(nickel compounds are contained in the products of
fuel combustion, batteries, etc.).

4. Conclusions

In summary, we have studied that the dynamics of
air pollution with heavy metals in Vinnytsia region has
some negative trends and it should be more controlled
by the state for saving our environment. The sources
of such pollution in Vinnytsia region are transport,
industrial plants and municipal sector. Among the
industrial plants there are energy companies which
are mostly responsible for the pollution with heavy
metals. The key reasons of increasing of some heavy
metals emissions are great quantity of transport and
using the materials which contain heavy metals
(batteries, luminescent lamps, etc.) in residential
sector. The main reasons of reduction of some heavy
metals emissions are banning the use of leaded
gasoline and replacing the coal by natural gas in
power production.
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DATA ON ACOUSTIC AND THERMAL PROPERTIES
OF REFLECTIVE INSULATION

Abstract

The paper presents the test results of acoustic insulation properties of reflective insulation. The experiments were
performed for three different types of insulation and two values of air gap, namely 2 cm and 4 cm. A significant reduction
of the sound level was recorded. Selected thermal and mechanical properties are also given in the paper.

Keywords: acoustics, reflective insulation, thermal resistance

1. Introduction

Nowadays, everyone understands the need to
save energy and manage it properly. In the building
industry, more attention is paid to careful thermal
insulation in order to minimise heat losses. Up to now
traditional materials such as fiber wool or foamed
polystyrene have been extensively used, however,
reflective insulation can also be applied. It uses the
reflection properties to reduce the amount of heat that
is transferred between spaces of different temperature.

Reflective insulation is composed of low — emittance
surfaces: reflective foils which radiate the emitted
heat back to the warmer environment. In this way the
surface is protected against accepting heat by means
of radiation heat transfer. Between them there might
typically be several layers of insulation materials
with enclosed air spaces (bubble foils, expanded
polystyrene). Their aim is to limit heat flux transmitted
through conduction and convection. There are two air
gaps on each side of the insulation required between

38

the wall and the finishing layer. They enable ventilation
of the gap. The reflective insulation is placed from the
inside of the buildings, which is an advantage in the
case of for example historical buildings.

A lot of works on the reflective insulation
performance in available literature focus on using
this type of materials in the summer period to protect
against significant heat loads e.g. [1]. Guo et al. [2]
discussed the use of heat reflective insulation coating
onthe external east, south and west walls. The covering
resulted in lowering the wall temperature by ca. 8 —
10°C. Consequently, the air — conditioning saving
of electricity was about 5,8 kwWwh/(m2month). Some
works, for example [3], present the measurements of
the reflective insulation performance in both winter
and summer as the construction element of the walls
and the roof are presented. Basing on the tests it has
been stated in this paper that the application of such a
material might avert the unfavourable overheating in
the summer and retain heat in the winter. However, it
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needs to be noted that there are discrepancies between
results presented by different research institutes
regarding reflective insulation. This has been pointed
out by Tenpierik and Hasselaar [4]. That is the
reason why tests in this field are needed. They can be
efficiently done in climatic chambers. These devices
are more and more common and tests are conducted
on different materials, as in [5].

2. Tests of acoustic insulation

Three different samples of reflective insulation were
tested. Sample 1 consisted of 2 layers of reinforced
metalised polyester foil, 2 layers of polyester fiber
insulation, 2 reflective layers and 1 polyester foam
layer. Sample 2 had 2 layers of reinforced metalised
polyester foil, 2 layers of polyester fiber insulation,
6 reflective layers and 5 polyester foam layers.
While sample 3 composed of 2 layers of reinforced
metalised polyester foil, 4 layers of polyester fiber
insulation, 6 reflective layers and 5 polyester foam
layers. The tests were conducted for two values of
air gap between the tested material and the gypsum
boards, namely 2 cm and 4 cm.

The tests were performed on the experimental stand
presented below (Fig. 1, 2), which is the acoustic
tunnel. It has been patented [6].
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Fig. 1. The acoustic tunnel and its elements.
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Fig. 2. Cross — section of the tunnel (1-1).

The tunnel is rectangular and divided with the
investigated element 1. On the left there is the
receiving chamber (10) and on the right — the sending

chamber (11). They are both sealed (4). The inside
insulation is fiber wool (3). There are a sound level
meter (6) and a sound generator (5) installed in the
tunnel. The generator provides sound for comparison
with the sound generated in the sending chamber. The
sample has been sealed with foam acoustic insulation
(7). Figures 3 — 5 present the pictures of the tunnel.

Fig. 3. Inside of the acoustic tunnel with sound generator.

Fig. 4. Inside of the acoustic tunnel with sound level meter.

Fig. 5. Outsider view of the acoustic tunnel.

39



environment

R. Dachowski, J. Zb. Piotrowski, D. Koruba, E.Zender-Swiercz, M. Telejko, M. Starzomska

The sound level meter SON-50 was used for the
tests together with sound generator Z-10. The mean
value of frequency was in the range of 20 — 20000
Hz. The investigated element is placed in the tunnel.
Before it the source of the sound is located, which
generates sound of high frequency and its intensity is
measured at the end of the chamber. Afterwards, in the
sending chamber (behind the analysed element) the
sound is generated of identical intensity as before in
the receiving chamber and measures are taken in the
receiving chamber. A difference in values describes
the acoustic insulation of the investigated element.
The detailed experimental data are given in Table 1.

Tab. 1. Experimental results.

. Sound level in the | Sound levelinthe | Sound level
Air gap . .
Sample (am] receiving chamber |  empty tunnel reduction
[dB] [dB] [dB]
2x2 70.9 106.8 35.9
Sample 1
2x4 73.2 106.8 33.6
2x2 68.8 106.8 38.0
Sample 2
2x4 70.6 106.8 36.2
2x2 67.5 106.8 39.3
Sample 3
2x4 69.2 106.8 37.6

3. Thermal resistance

In order to properly determine heat losses from
spaces insulated with reflective insulation, it is
necessary to possess data on thermal performance
of these products. The properties of the reflective
insulation have been tested and given in [7, 8] for
samples 1 — 3 (whose composition has already been
given in the previous section) and presented below.

Tab. 2. Thermal resistance and mechanical data of the
reflective insulation [7, 8].

No Property Sample 1 Sample 2 Sample 3
Thermal

1 resistance 0.906 1.090 1.940
[m2K/W]

Maximal tensile

2 St'e"gctr'(‘)s(:)'°"g/ 5205/2270 | 2330/2450 | >540/2570
[N/50mm]

3 | Sufacemass | g gy 670+ 5% 900+ 5%
[g/m?]

It needs to be noted that the value of the air gap
between the insulation and other materials (bricks,
gypsum boards and etc.) should be properly chosen. It
cannot be too small to provide enough thermal resistance
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and ventilation properties, while larger values do not
produce any more of the positive effect. The optimal
value is considered to be 2 cm. Larger gaps do not lead
to such a significant improvement in thermal resistance,
but on the other hand, make walls unnecessary bigger.

4. Conclusions

Reflective insulation might be an alternative to
traditional materials such as fiber wool or foamed
polystyrene. Its properties should be further
investigated to provide more data on thermal and
acoustic characteristics. However, data presented
in the paper prove that this type of insulation could
provide significant reduction in sound level transmitted
through walls, which is especially vital for partition
walls. More tests are needed in this area to collect
more data on both thermal and acoustic properties.
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Wtasciwosci akustyczne i cieplne izolacji refleksyjnej

1. Wstep

Obecnie powszechnie akceptowalna jest potrzeba
oszczgdnosci 1 poszanowania energii. W budownic-
twie coraz wiecej uwagi przyktada si¢ do odpowied-
niej izolacyjnosci cieplnej obiektow w celu minima-
lizacji strat ciepta. Do tej pory szeroko stosowano
welne mineralng czy styropian, jednak mozliwe jest
takze zastosowanie izolacji refleksyjnej. Wykorzystu-
je ona zjawisko odbicia promieniowania.

Izolacja refleksyjna sktada si¢ z powierzchni o ni-
skiej emisyjnosci tj. folii, ktére odbijaja promienio-
wanie. Miedzy nimi znajduja si¢ warstwy izolacyjne
zawierajace powietrze (np. folia bagbelkowa). W ten
sposob ogranicza sie wymiane ciepta poprzez kon-
wekcje 1 przewodzenie. Dodatkowo miedzy warstwa
izolacji refleksyjnej a §ciang i warstwa wykonczenio-
wa znajduje si¢ przerwa powietrzna. Takie rozwigza-
nie umozliwia wentylacj¢ szczeliny. Izolacje reflek-
syjna montuje si¢ od wewnatrz, co jest korzystne np.
w przypadku budynkdéw zabytkowych.

Szereg dostepnych w literaturze prac dotyczy za-
stosowania izolacji refleksyjnej w warunkach letnich
w celu ochrony przed przegrzewaniem pomiesz-
czen (np. [1]). Guo i in. [2] analizowali wykorzysta-
nie izolacji refleksyjnej na $cianach zewnetrznych
(wschodnia, potudniowa, zachodnia). Pokrycie to
prowadzilo do zmniejszenia temperatury $Sciany o ok.
8 — 10°C. W konsekwencji nastepowalo zmniejsze-
nie zuzycia energii elektrycznej do celéow klimaty-
zacji 0 ok. 5,8 kWh/(m? miesigc). Niektore prace np.
[3] podaja wyniki pomiarow dla izolacji refleksyjnej
w warunkach letnich i zimowych. Na tej podstawie —
W przytoczonej pracy — zaprezentowano stanowisko,
7e zastosowanie tego typu materiatlu moze ograniczaé
niekorzystne zjawisko przegrzewania pomieszczen w
lecie i chroni¢ przed stratami ciepta w zimie. Nalezy

jednak zaznaczy¢, ze w badaniach nad izolacja reflek-
syjna réznych naukowcow pojawiaja si¢ rozbiezno-
$ci. Zaznaczono to w pracy [4]. Dlatego tez nalezy
prowadzi¢ prace w tym zakresie w celach poréwnaw-
czych, szczegolnie wykorzystujac najnowsze techni-
ki pomiarowe.

2. Badania izolacyjnosci akustycznej

Badaniom poddano trzy rozne probki. Probka 1
sktadata si¢ 2 warstw zbrojonej folii poliestrowe;j
metalizowanej, 2 warstw watoliny poliestrowej, 2
warstw wktadek refleksyjnych i 1 warstwy pianki po-
liestrowej. Probka 2 sktadata si¢ 2 warstw zbrojonej
folii poliestrowej metalizowanej, 2 warstw watoliny
poliestrowej, 6 warstw wktadek refleksyjnych i 5
warstw pianki poliestrowej. Probka 3 sktadata si¢ 2
warstw zbrojonej folii poliestrowej metalizowanej, 4
warstw watoliny poliestrowej, 6 warstw wktadek re-
fleksyjnych i 5 warstw pianki poliestrowej. Badania
wykonano dla dwoch wielkosci przerwy powietrznej
miedzy badanym materialem a ptyta gips-kartonowa
tj. 214 cm.

Badania wykonano na stanowisku przedstawionym
na Rys. 1 1 2. Jest to prostokatny tunel akustyczny.
Z lewej strony znajduje si¢ komora odbiorcza (10),
a z prawej komora nadawcza (11). Zamykane sa one
korkami (4). Od strony wewnetrznej tunel pokrywa-
ja plyty OSB-3, a od strony zewnetrznej znajduje
si¢ izolacja z welny mineralnej. W komorze odbior-
czej zainstalowany jest miernik natezenia dzwigku,
a w komorze nadawczej generator dzwigku.

W badaniach wykorzystano miernik poziomu
dzwiecku SON-50 wspotpracujacy z generatorem
Z-10. Srednia warto$¢ czestotliwosci byta w przedzia-
le 20 — 20000 Hz. Badany element byt umieszczony
w tunelu. Przed nim znajdowato si¢ zrodto dzwieku,
generujace dzwiek o wysokiej czestotliwosci, a na-
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stepnie mial miejsce pomiar jego natezenia przy wyj-
Sciu z komory, po czym, w komorze nadawczej, po
drugiej stronie badanego elementu, generowany byt
dzwigk o identycznym natezeniu jak uprzednio w ko-
morze odbiorczej 1 dokonywano pomiaru natezenia
dzwigku w komorze odbiorczej. R6éznica mierzonego
natgzenia stanowita o izolacyjnosci akustycznej ba-
danego elementu. Wyniki badan zestawiono w Tab. 1.

3. Izolacyjnos¢ cieplna

W celu precyzyjnego okreslenia strat ciepla
w budynkach niezbedna jest znajomo$¢ parametrow
cieptochronnych elementow, z ktérych wykonane
sa przegrody. Dane dotyczace izolacji refleksyjnej
przedstawiono w Tab. 2 wg [7, 8] dla probek 1 — 3
(ktorych sktad podano wyzej).

Nalezy zaznaczy¢, ze warto$¢ przerwy powietrz-
nej po obydwu stronach materialu izolacyjnego i
elementow budowlanych (cegiel, ptyt g-k., itp.). jest
bardzo istotna. Nie moze by¢ ona zbyt mata, aby za-
pewni¢ odpowiedni opdr cieplny i wentylacje szcze-
liny, a zbyt duze wielkosci nie prowadza do istotnego
zwigkszenia oporu i s3 niepraktyczne z punktu wi-
dzenia architektonicznego. Uwaza si¢, ze optymalng
warto$cia szczeliny jest 2 cm.

4. Wnioski

Izolacja refleksyjna moze stanowic alternatywe dla
materialow tradycyjnych takich jak welna mineralna
czy styropian. Dane przedstawione w pracy wskazu-
ja na mozliwos¢ znacznej redukeji poziomu dzwicku
w wyniku zastosowania w/w izolacji, co jest szcze-
golnie istotne np. w przypadku Scian dziatowych.
Nalezy jednak prowadzi¢ dalsze prace w celu uzyska-
nia pelnych danych dotyczacych izolacyjnosci aku-
stycznej 1 termicznej rozpatrywanego materiatu.
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MEASURING THERMAL PERFORMANCE
OF GRAVITATIONAL HEAT PIPES DEPENDING
ON THE AMOUNT OF WORKING FLUID

Abstract

This paper deals with an impact of working medium on the performance parameters of the heat pipe. The aim was to find
the ideal amount of working fluid used in gravitational heat pipes. For the working medium 96% alcohol was selected.

Keywords: gravity heat pipe, working substance ethanol, performance parameters

1. Introduction

Inthe area of research and development in the energy
sector people now focus not only on the development
of alternative fuels, reducing emissions and attracting
new sources of energy, but also on efficient heat
transfer, whether for cooling different components in
electrical engineering, computer science, engineering
or recovery of waste heat transport and heat in heating
systems [1].

Heat pipes are precisely such devices to transfer heat
while maintaining a small temperature difference.
Therefore, the development and optimization are key
to greater efficiency and application of heat pipes.
Preferably, the heat pipe is that the small size can
transfer large heat output while its construction is
simple with long life, reliability and durability [2].

2. Theoretical analysis of gravitational heat pipe

Construction of gravity heat pipe is the easiest
and also the principle is the basis for other types.
The heat pipe consists of a closed outer shell and a
working substance which is inside the tube. The tube
operates in a vertical or slightly inclined position
wherein the condensing section is always located
above the evaporation part [3], [4]. In the evaporation

part working fluid evaporates and condenses in
condensation part. The condensate then returns to
the evaporation part under gravity for smooth inner
wall. The transferred heat flow depends on the
thermal resistance of the liquid film on the wall of the
condensation part. Proper operation of the heat pipe
is dependent on a quantity of working fluid to cause
a sufficient wetting of the surface of the evaporation
part and, thus, there is no performance degradation.
Conversely too much liquid in the evaporation part
with boiling leads to the release of large steam
bubbles, then the shock phenomena are formed. Heat
transfer between the vapour phase of working fluid
and the inner wall of the tube is mainly influenced
by the character of flow in the falling film of liquid

[5]. [6]. [7].
2.1 Design and method of filling gravitational heat pipes

Gravitational heat pipes were made of copper
pipes (Fig. 1) with an external diameter of 15 mm,
an internal diameter of 13 mm and the length of 500
mm. For the working substance 96% ethanol was
selected. Outturn of heat pipes was done by vacuum
pump (Fig. 2) through which we reached pressure of
80 Pa inside the tube.
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Through the filling system we never meet evacuating
the heat pipe to desired amount of filling. Heat pipes
are met at the level of 10, 20, 30, 40 and 50 % of their
volume (Tab.1). To calculate the correct amount of
working fluid, we used equation (1). After filling the
heat pipe through a capillary, the capillary pressure
and tin were closed.

Tab. 1 Capacities for individual gravitational heat pipes

Tpeofheat | cot | Gup2 | GHP3 | GHP4 | GHPS
pipe
amount 0% | 20% | 30% | 4% | 50%
of working
medium | 664ml | 13.27ml | 1991ml | 2655ml | 33.18ml

Vethanol =——1— (m’) (1)

3. Measurement and recording of measured values

Measurement was carried out in the experimental
device (Fig. 3), in which the gravitational heat pipe
was placed. The evaporation section of the heat pipe
was heated with water at 80 °C and the condensing

Fig. 1. Closed heat pipes section cooled with water at 15°C.

For a correct analysis of the performance parameters
of the heat pipe it is necessary to specify default
values:

- water temperature at the inlet and outlet of
cooling (°C)
- water flow in the cooling circuit (I/min).

These values were measured at 10 second intervals
for 20 minutes by means of sensors. Data from the
sensors was transmitted through the measuring panel
to the notebook in which software AMR WinControl
from AHLBORN was installed and by which these
values were recorded. Overall, the measurement
and comparison of eight kinds of heat pipes in
which medium 96% alcohol with different priming
was operating. Readings were taken from AMR
WinControl program from AHLBORN and exported
to Microsoft Excel, where these values were then
processed and analyzed. The parameters that were
measured every ten seconds were used to produce the
arithmetic means and the identified data necessary for
analyzing the performance of individual heat pipes.
For calculating performance of heat pipes it was
necessary to determine the other parameters such as:
- specific heat capacity of water (J/kg . K),

Fig. 2. Vacuum pump - density of water (kg/m3).
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Fig. 3. Involvement of the gravitational heat pipe

4. Evaluation of performance parameters of gravitational
heat pipes considering the amount of working fluid

Power of gravitational heat pipes was determined
by calculating (2) crustaceans has been made on the
basis of measured data.

Q=mcAT (W) )

Mass flow was recorded in I/min and it was to be
recalculated according to equation (3) in units of
kg/s taking into account the density of the fluid.

m=pV (kgls) 3)

From the measured and calculated data, we found
that when the alcohol is used as the working medium
the maximum power of the heat pipe 206,7 W reaches.

Fig. 4. Dependence of thermal performance of the GHP
from the amount of the load

5. Conclusions

Quantity of working fluid in the GHP and its working
position had a major impact on the performance and
operation of the GHP. We verified that the ideal
amount of working medium in the GHP is about 20%
in vertical position. For larger quantity of working
fluid occurs to reduce power.
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INFLUENCE OF WORKING POSITION FOR THERMAL
PERFORMANCE OF THE CAPILLARY HEAT PIPE

Abstract

This experiment is concentrated on working position for optimization of capillary heat pipe. The main objective was to
find optimal working position for capillary heat pipe. Working position is an important part for function of the heat pipe.
A change in working position should change thermal performance of capillary heat pipe.

Keywords:capillary heat pipe, thermal performance, working position

1. Introduction

Increasing performance and number of electronic
components will be a problem with regard to cooling
of these elements. This problem is concerned with
heat flow. Perfect cooling of these components ensure
longer time of operation of equipment and full device.
How to effectively take heat flow from heat pipe
surface is the main problem. The biggest heat flow is
produced by the change of phase, namely by boiling
and condensation. The concept of the modern heat
pipe was first put forth by R.S. Gaugler of General
Motors Inc. in 1944. He added the idea of using a wick
to make the inner fluid return back to the evaporator
instead of gravity. Capillary heat pipes are used in the
space industry for cooling and heat transfer in solar
devices. Capillary heat pipe are capable of passive
cooling with free convection. This phenomenon is
often made use of in electronics components.

The aim of the experiment is to compare the cooling
effect depending on working position. Heat pipes in
terms of working position are universal. Heat pipe is
a heat transfer device that combines the principles
of both thermal conductivity and phase transition
to efficiently managing the transfer of heat between
two solid interfaces. Majority of heat pipes use a
wick and capillary action to return the liquid from the
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condenser to the evaporator. The liquid is sucked up
to the evaporator, similar to the way that a sponge
sucks up water when an edge is placed in contact with
a water pool. The wick allows the heat pipe to operate
in any orientation [1, 2, 3]

They can work against gravity. No need to pay
attention to the source location, because the tube is
able to automatically adjust its stable operation mode.
The capillary system may be different on the inner
side. Similar to the gravity heat pipe is capillary
heat pipe. It is important for heat transfer liquid to
flow from the condenser to the evaporation section.
Thermal resistance of phase transformations in the
production of steam in capillary heat pipe can be
neglected. Transport condensate is different than in
gravity tubes.

2. Design of capillary heat pipe

We chose a method of measuring with water for
experimentally measurement the performance of the
heat pipe. We built a capillary heat pipe. Capillary
heat pipe was filled with a certain amount of working
medium (25%) at pressure of 80Pa. Capillary heat
pipe material is copper. Its length is 1=50 cm and the
external diameter d=15 mm while internal diameter
13 mm. The inner wall of the capillary heat pipe
was covered with stainless steel mesh with mesh
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Fig. 1. Heat pipe device components: 1 — tin wire,
2 — cooper pipe and fittings, 3 — tin paste,
4 — steel grid, 5 — capillary heat pipe,
6 — working medium 96% alcohol

number 200, mesh size 0,075 mm, wire diameter
0.05 mm. Heat pipe is hermetically closed. We used
the program AMR WinControl from AHLBORN for
recording the measured values. During measurements
constant heating for the evaporation of the heat pipe
was achieved by flowing water at the temperature of
80°C and a condensing part of the water flowing at
15°C. For experimental measurements of temperature
at inflow and outflow of water were recorded for the
condenser and the flow medium [4, 5]. Heat pipe device
components have been presented in Figure 1 while the
experimental set-up in Figure 2. Amount of working
medium was 16,59 ml. In order to calculate the correct
amount of working fluid equation (1) was used.

_7zd2I X
alcohol — 4

3 1
100 (m?) @)

where X is percentage of working medium %, | — length
m, d — diameter m.

3. Experimental measurement and evaluation
of measured values

We chose the calorimetric equation (2) for obtaining
the results of thermal performance capillary tube,
which describes the heat transfer bodies, forming
isolated system, covered by the law of conservation
of energy. The law of conservation of energy is that all
the heat that is exchanged by a single body transfer,
the second body receives. We can suppose that there
is no change in the type of energy, heat energy cannot
be changed, for example into mechanical energy, and

Fig. 2. Involvement of the capillary heat pipe:
1 — protractor, 2 — flow meter, 3 — outlet temperature, 4 —
inlet temperature, 5 — condenser, 6 — evaporator, 7 — water
heating for evaporator, 8 — cooling water for condenser

the substances are chemically inert, generating no
heat from chemical reactions [6].

Q=mcAT (W) )

where m is the mass flow rate kg/s, c¢ is specific
thermal capacity J/(kgK) and AT is the temperature
difference K.

The mass flow rate can be obtained from the
following:

m=pV  (kgls) ®)
where p is density kg/m?while and V — volumetric
flow rate m%/s

The results of the measurements have been given in
Table 1 and Figure 3.

Tab. 1. Experimental results.

Angle 0° 15° 30° 45° 60° 75°

Thermal

269.012W
performance

286.130W | 300.364W | 293.948W | 255.37W | 286.193W

90° 105° 120° 135° 150° 165° 180°

200.661W | 131.767W | 131.440W | 145.48TW | 99.892W | 99.480W | 99.069W
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Fig. 3. Thermal performance of the heat pipe.

The trendline equation takes the form of:

y = 2E — 10x°® — 1E-07x® + 3E-05x* — 0.0034x® +
+0.126x2 — 0.5406x + 270.97

while the value of reliability of this equation fitting
is R =0.9483.

4. Conclusions

This experiment dealt with the influence of the
working position on the thermal performance of the
capillary heat pipe. The experimental measurements
and calculations show the worst position is where
condensation is under evaporator. The best results
are where capillary heat pipe is inclined at an angle
of 30°. At this angle the thermal performance was
measured as 300.36 watts. Measurements confirm that
capillary heat pipes are universal and independently
from the working position. In the graph of the results
the trendline was carried with the trendline equation
for calculating thermal performance at any working
position. Accuracy this trendline equation is 0.9483,
comparing to the best accuracy of 1, itis very accurate.
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