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OF CEMENT CURING UNDER NORMAL AND AUTOCLAVE CONDITIONS

WPLYW PYLU Z INSTALACJI BYPASSA PIECA CEMENTOWEGO
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DOI: 10.30540/sae-2019-001

Abstract

This paper analyses the properties of cement binders composed with cement CEM | 42.5R and cement bypass dust in
amount of 0.5, 1.0 and 5.0% by mass of binder, curing under standard and additionally autoclave conditions. The bypass
dust increases the water content for standard consistency and delays the initial setting time of binder. The cement paste
containing 5% of dust reveals the change in volume by 6 mm according to Le Chatelier test. After 2 days, the compressive
strength of cement mortar containing bypass is comparable to that of Portland cement mortar, but at later time the
strength development of this cement binder is slower. The addition of cement bypass dust in amount to 1% can obtain the
cement of strength class of 42.5R according to standard PN-EN 197-1. The autoclave curing improves the compressive
strength of cement mortar. The SEM/EDS observations confirm the presence of low crystalline C-S-H gel and well-formed
tobermorite fibres in autoclaved cement mortar containing 5% of cement bypass dust.

Keywords: cement bypass dust, curing condition, standard consistency, initial setting time, soundness, compressive
strength, SEM/EDS analysis

Streszczenie

W pracy analizowano wlasciwosci spoiw cementowych zawierajgcych w sktadzie cement portlandzki CEM 1 42,5R i pyt
z instalacji bypassa pieca cementowego w ilosci 0,5, 1,0 i 5,0% masy spoiwa, dojrzewajgcych w warunkach normalnych
i dodatkowo w autoklawie. Pyt z bypassa zwigksza ilos¢ wody niezbednej do uzyskania konsystencji normowej oraz opoz-
nia poczqtek czasu wigzania spoiwa. Zaczyn zawierajgcy 5% pylu wykazuje zmiang objetosci o 6 mm wedlug Le Chate-
liera. Po dwoch dniach wytrzymatos¢ na sciskanie zaprawy ze spoiwa zawierajgcego pyl z bypassa jest porownywalna
z wytrzymatosciq zaprawy z cementu portlandzkiego, ale w miarg uptywu czasu przyrost wytrzymatosci zaprawy z tego
spoiwa jest mniejszy. Dodatek pytu z bypassa w ilosci nieprzekraczajgcej 1% pozwala otrzymaé cement klasy wytrzyma-
tosci 42,5R wedlug wymagan normy PN-EN 197-1. Autoklawizacja zwigksza wytrzymalos¢ na sciskanie zaprawy cemen-
towej, a pyl z bypassa stanowi jeden z czynnikow poprawiajgcych wlasciwosci wytrzymatosciowe. Obserwacje SEM/EDS
potwierdzajg obecnos¢ stabo wykrystalizowanego zelu C-S-H i dobrze wyksztatconych widkien tobermorytu w probce
zaprawy zawierajgcej 5% pyt z bypassa dojrzewajqcej w warunkach autoklawu.

Stowa kluczowe: pyt z instalacji bypassa pieca cementowego, warunki dojrzewania, konsystencja normowa, poczatek
czasu wigzania, stato$¢ objetosci, wytrzymalos¢ na $ciskanie, analiza SEM/EDS

1. INTRODUCTION 1. WPROWADZENIE

Due to the character of the technological process, Ze wzgledu na charakter procesu technologicz-
the cement industry is a significant source of dust nego przemyst cementowy jest znaczacym zrodlem
and gas emissions. In the production process of emisji pytow i gazéw. W procesie produkcji klin-
Portland cement clinker (semi-finished product in the  kieru portlandzkiego (potproduktu w produkcji ce-
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cement manufacturing) the large amounts of dusts
are released, among others the dusts from the kiln
dedusting installation (specified as CKD — Cement
Kiln Dust) and dusts from bypass installation (CBPD
— Cement By-Pass Dust). The CBPD can be divided
into two types depending on the place from which
they are taken: dust collected right at the cold end of
the kiln and after the addition of limestone powder to
prevent clogged drain pipes [1-4].

The CKD is always released in the cement
production process, in opposite to CBPD, because
the bypass installation is only used in certain specific
cases, for reducing the chlorine and alkalis.

The quality of CBPD depends on the clinker
burning technology, the type of raw materials and
fuels used in production of clinker and the method for
removing dust from material [5, 6]. The CBPD differs
in chemical and mineral composition and physical
properties [7-10].

The CBPD is characterized by high concentration
of chlorine in relation to CKD, for which the
concentration of chlorine is marginally. The other
significant difference is the content of K,O and SO..
The content of potassium and sulphur in CBPD
can be even 2-2,5 times higher than that in CKD
[11-13].

Because of the Portland cement clinker production
is constantly increasing, the amount of emitted
cement dusts, including also CBPD dust, is also
increasing. From this reason, the utilization of
bypass dust in different industries is more and
more broadly discussed. Nowadays, the bypass
dust is used for example in production of cement
and glass, for construction of roads and highways
and manufacture of concrete. The application of
this waste in the field of solid stabilization is also a
major interest [14—16].

The quality chemical composition of CBPD is
compared to raw feed used for cement clinker
production [4, 17]. The main oxide in bypass dust is
CaO, which concentration, as it is shown by authors
[7, 12, 18, 19], is in the range of 40 to 60%. The
other components are SiO,, Al,O,, Fe,0,, K,O and
Na,O. In comparison to Portland cement clinker,
the bypass dust is characterized by high content
of alkalis, especially K,O, chlorides and SO..
The concentration of these oxides in bypass dust
is determined by the type of fuel using in cement
production, especially by using alternative fuels
such as plastics, bone meal, sewage sludge, etc. This
high concentration of alkalis, chlorine and sulphur
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mentu) wydzielane sg duze ilosci pytéw m.in. pylow
z piecow do wypalania klinkieru: z instalacji odpylania
pieca (okreslanych skrétem CKD — z ang. Cement Kiln
Dust) oraz z filtrow obejsciowych bypassa (CBPD —
z ang. Cement Bypass Dust). Pyly CBPD mozna po-
dzieli¢ na dwa rodzaje w zaleznosci od miejsca, z kto-
rego sg pobierane: pyly odbierane zaraz przy zimnym
koncu pieca oraz po dodaniu maczki wapiennej w celu
zapobiegania zatykaniu przewodow [1-4].

Pyty CKD sa zawsze wytwarzane w procesie pro-
dukcji cementu, w przeciwienstwie do pytow CBPD,
gdyz instalacja bypassa jest uzywana tylko w pew-
nych specyficznych wypadkach w celu ograniczenia
poziomu chloru i alkaliow.

Jakos¢ pyldéw z bypassa jest uzalezniona od tech-
nologii wypalania klinkieru, rodzaju stosowanych
surowcow i paliw oraz sposobu odpylania materiatu
[5, 6]. Pyly te s zroznicowane pod wzglgdem sktadu
chemicznego, mineralnego i wlasciwosci fizycznych
[7-10].

Pyt CBPD charakteryzuje si¢ wysoka zawartoscia
chloru w stosunku do pylu CKD, gdzie udziat chloru
jest marginalny. Kolejna istotna réznica dotyczy za-
warto$¢ K,O i SO,, ktérych gérna zawarto$¢ w pyle
CBPD moze by¢ nawet 2-2,5 razy wigksza niz w pyle
CKD [11-13].

Poniewaz produkcja klinkieru portlandzkiego sta-
le rosnie, wzrasta takze ilos¢ emitowanych pytow
cementowych, w tym pylu CBPD. Z tego powodu
coraz czgsciej dyskutuje si¢ na temat wykorzystania
pytu z bypassa w réznych branzach. Obecnie jest on
wykorzystywany na przykitad w technologii produk-
¢ji cementu i szkta, do budowy drog i autostrad oraz
w produkcji betonu. Zainteresowaniem cieszy si¢
rowniez stosowanie tego odpadu do stabilizacji grun-
tow [14-16].

Jakosciowy sktad chemiczny pylu CBPD jest
zblizony do sktadu maczki surowcowej stanowia-
cej nadawe surowcowq pieca do produkceji klinkieru
portlandzkiego [4, 17] Podstawowym tlenkiem w
pyle jest CaO, ktorego udziat, jak wskazujg wyniki
badan [7, 12, 18, 19], wynosi od 40% do 60%. Pozo-
statymi tlenkami sg: SiO,, Al,O,, Fe,0O,, K,0 i Na,O.
W poréwnaniu do klinkieru portlandzkiego pyt z by-
passa charakteryzuje si¢ wysokim udziatem alkaliow,
zwlaszcza K, O, chlorkow 1 SO,. Zawartos¢ tych tlen-
kow w pyle zalezy od rodzaju paliwa stosowanego
do produkcji cementu, zwtaszcza w przypadku sto-
sowania paliw alternatywnych, takich jak tworzywa
sztuczne, maczka kostna, osady $ciekowe itp. Ta wy-
soka koncentracja alkaliow, chlorkow i siarki znacza-
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significantly limits the possibility of using cement
bypass dust in cement production [8, 10, 17, 18, 20].

The main phase compounds in CBPD are: sylvite
(potassium chloride — KCl), halite (sodium chloride —
NaCl), free lime (CaO), anhydrite — CaSO,, calcite —
CaCO,, quartz — Si0O,, calcium hydroxide — Ca(OH),
and belite [4, 10, 17, 19].

The influence of bypass dust on the cement
properties was investigated in papers [3, 18, 21-
23]. The introduction of CBPD dust into the cement
causes the increase in water required to obtain cement
paste of standard consistency. At 10% addition of
CBPD, the water demand is increased by about
22% as compared to Portland cement paste [3]. It is
probably due to greater fineness of CBPD than that
of typical Portland cement. The paper [3] showed
that the increase in initial setting time of cement
paste containing 10% of CBPD is shorten by about
45%. The compressive strength of cement mortar
containing CBPD is comparable to that of ordinary
Portland cement, but only if the content of CBPD
dust does not exceed 6%, which is confirmed in paper
[18] (the drop in compressive strength is equal to the
so-called “dilution effect” of the cement component
in the binder).

At higher addition of bypass dust, the higher
decrease in compressive strength is denoted, for
example up to 30%, when the content of bypass dust
in the binder is 10%. A large impact on the cement
mortar strength is the high content of free (unbound)
CaO in the bypass dust. The free lime is characterized
by high reactivity and quickly reacts with water. The
hydration of CaO leads to form of Ca(OH),, which
molar volume is greater than molar volume of CaO.
In effect, the stretching stresses are formed in the
material, defined as uneven volume changes during
hardening cement. The consequence of that may be
lower mechanical strength and destructive changes of
cement mortar.

In the literature, the much attention has been given
to the characteristics of CKD dust and its effect on the
cement properties. However, there are fewer works
on the properties of cement containing CBPD dust.

The aim of this paper is the analysis of properties
of cement binder containing cement dust from
bypass installation. The three cement binders were
prepared in which CBPD dust was a partial substitute
for Portland cement CEM 1 42.5R, and its content
was 0.5%, 1.0% or 5.0% by mass of cement binder
(BCPD dust as a secondary component for cement
production). The standard consistency, initial setting

co ogranicza mozliwos¢ zastosowania pytu z bypassa
w produkcji cementu [8,10,17,18,20].

Gtownymi sktadnikami mineralnymi w CBPD s3:
sylwin (chlorek potasu — KCI), halit (chlorek sodu —
NaCl), wolne wapno — CaO, anhydryt — CaSO,, kal-
cyt — CaCO,, kwarc — Si0O,, wodorotlenek wapnia —
Ca(OH), oraz belit [4, 10, 17, 19].

Wplyw pylu z bypassa na wlasciwosci cementu
analizowano w pracach [3, 18, 21-23]. Wprowadze-
nie do sktadu cementu CBPD zwicksza wzrost ilosci
wody niezbednej do uzyskania zaczynu o konsysten-
cji normowej. Przy dodatku 10% pytu CBPD ilosé
wymaganej wody wzrasta o okoto 22% w stosunku do
zaczynu z cementu portlandzkiego [3]. Jest to praw-
dopodobnie spowodowane znacznie wigksza miatko-
scig pylu CBPD w stosunku do typowego cementu
portlandzkiego. W pracy [3] wykazano, ze poczatek
czasu wigzania zaczynu zawierajacego 10% CBPD
ulega skroceniu o okoto 45%. Wytrzymalo$¢ na $ci-
skanie zaprawy zawierajacej pyt CBPD jest porow-
nywalna z wytrzymato$cig cementu portlandzkiego,
ale tylko wtedy, gdy udziat pytu CBPD w spoiwie nie
przekracza 6%, co potwierdzaja wyniki badan [18]
(spadek wytrzymatosci jest réwny tzw. ,.efektowi
rozcienczenia” sktadnika cementowego w spoiwie).

Przy wigkszym udziale pytu z bypassa obserwuje si¢
wiekszy spadek wytrzymatosci zaprawy, np. nawet do
30%, gdy udziat pytu w spoiwie wynosi 10%. Znaczg-
cy wplyw na wytrzymatos¢ zaprawy ma wysoki udziat
wolnego (niezwigzanego) CaO w pyle. Wolne CaO
charakteryzuje si¢ wysoka reaktywnoscig i szybko re-
aguje z woda. Hydratacja CaO prowadzi do powstania
Ca(OH),, ktorego objetos¢ molowa jest duzo wigk-
sza niz obje¢to$¢ molowa CaO. W efekcie w materia-
le powstaja naprezenia rozciggajace, okreslane jako
nierdwnomierne zmiany objetosci podczas twardnie-
nia. Konsekwencja tego moze by¢ obnizona wytrzy-
mato$¢ mechaniczna i zmiany destrukcyjne zaprawy
cementowe;j.

W literaturze wiele uwagi poswigcono charakte-
rystyce pytu CKD i jego wptywowi na wlasciwosci
cementu. Natomiast mniej jest prac na temat wihasci-
wosci cementu zawierajacego w sktadzie pyt CBPD.

Celem niniejszej pracy jest analiza wlasciwosci
spoiwa cementowego zawierajacego w sktadzie pyt
cementowy z instalacji bypassa. Przygotowano trzy
spoiwa cementowe, w ktorych pyt CBPD byt trakto-
wany jako czesciowym substytut cementu portlandz-
kiego CEM 1 42,5R, a jego udzial wynosit 0,5%,
1,0% Iub 5,0% masy spoiwa (pyt CBPD jako sktadnik
drugorzedny w produkcji cementu). Oznaczono kon-
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time, soundness and compressive strength of cement
binder was designated. The strength researches were
made for cement mortars cured under normal and
autoclave conditions. In final research stage, the
SEM/EDS observations of microstructure of cement
mortar were made.

2. EXPERIMENT
2.1. Materials

The Portland cement CEM 1 42.5R (OPC -
Ordinary Portland Cement) used in this experiment
came from one of the Polish cement plant. Its
chemical composition is shown in Table 1. The phase
composition was calculated from Bogue’s formulas
[24]: 67.9% C,S, 6.9% B-C,S, 7.4% C,A and 6.8%
C,AF.

The cement dust used in the experiment came
from the bypass installation of the rotary kiln in
the production of Portland cement clinker from the
same cement plant. The chemical composition of the
bypass dust is shown in Table 1. Its phase composition
was determined by X-ray quality diffractometry. The
XRD pattern of CBPD is shown in Figure 1.

Sy
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As it is shown in Table 1, the specific density of
CBPD is about 2.42 kg/m3 whereas its specific
surface area, determining by Blaine’s method, is
8450 cm?/g (2-times higher than that of cement CEM
142.5R). The specific density of bypass dust is on the
range of 2.6-2.8 kg/m?, and its specific surface area
— from 4600 cm?/g to even 14000 cm?/g [10, 25, 26].
In grain size distribution is dominated by finer grains
with diameter below 32 um (about 75% by mass of
bypass dust), and the maximum grain size does not
exceed 300 pm.

systencje normowa, poczatek czasu wigzania, stato$¢
objetosci oraz wytrzymato$¢ na $ciskanie spoiw ce-
mentowych. Badania wytrzymato$ci dotyczyly zapraw
dojrzewajacych w warunkach normalnych oraz po
procesie autoklawizacji. Koncowy etap badan obejmo-
wal obserwacje mikrostruktury zapraw cementowych
metodg SEM/EDS.

2. CZI:'SC EKSPERYMENTALNA
2.1. Materiatly

W badaniach zastosowano cement portlandzki
CEM 1 42,5R (OPC - z ang. Ordinary Portland Ce-
ment), ktory pochodzit z jednego z polskich zakta-
dow cementowych. Jego sktad chemiczny przedsta-
wiono w tabeli 1. Sktad fazowy obliczono ze wzordéw
Bogue’a [24]. Wynosit on 67,9% C.S, 6,9% B-C,S,
7,4% C,Ai6,8% C,AF.

Pyt cementowy uzyty w badaniach pochodzit z in-
stalacji bypassa pieca obrotowego do wypalania klin-
kieru portlandzkiego i byt dostarczony z tej samej ce-
mentowni. Sktad chemiczny pytu pokazano w tabeli
1. Jego sktad fazowy okreslono metodg jakoSciowe;j
dyfraktometrii rentgenowskiej. Dyfraktogram XRD
of CBPD przedstawiono na rysunku 1.

Fig. 1. The XRD pattern of cement bypass dust: Cal — calcite,
O — quartz, Sy — sylvine, Be — belite, L — lime (CaO)

Rys. 1. Dyfraktogram XRD pytu cementowego z bypassa:
Cal — kaleyt, Q — kwarc, Sy — sylwin, Be — belit, L — wapno
(CaO)

Jak przedstawiono w tabeli 1, pyl z bypassa wy-
kazuje gestos¢ whasciwa okoto 2,42 kg/m?, natomiast
jego powierzchnia wlasciwa, mierzona metoda Bla-
ine’a, wynosi 8450 cm?/g (dwukrotnie wigksza niz
cementu CEM 1 42,5R). Gesto$¢ wlasciwa pytu z by-
passa zmienia si¢ w zakresie 2,6-2,8 kg/m®, a jego po-
wierzchnia wiasciwa od 4600 cm?/g do nawet 14000
cm?/g [10, 25, 26]. W sktadzie ziarnowym dominujg
bardzo drobne ziarna o $rednicy ponizej 32 pm (oko-
o 75% masy pytu), a maksymalny wymiar ziarna nie
przekracza 300 um.
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Table 1. Chemical composition and physical properties of materials used in the experiment
Tabela 1. Skiad chemiczny i wlasciwosci fizyczne materiatow uzytych w badaniach

OPC (ordinary Portland cement
Parameter CEM142.5R) (BPD (Cement by-pass dust)
Loss on ignition (1100°C) 2.67 4.85
@0 64.26 55.72
Sio, 20.14 15.95
ALD, 422 313
Fe,0, 2.25 2.04
Mg0 221 149
Chemical ition (wt%
emical composition (wt%) 50, 315 174
K0 0.94 9.15
Na,0 0.16 0.24
Na,0, 0.78 6.26
a 0.08 5.69
Go, 0.01 7.96
Density (k/m?) 3.15 2.42
Blaine’s surface area (cm¥/q) 4050 8450

Comparing the chemical compositions of Portland
cement and cement bypass dust, it can be seen that the
main component of both materials is calcium oxide
(Table 1). The content of CaO in Portland cement is
64.26%. For CBPD the content of CaO is 55.72%.
The free lime content in Portland cement is only
0.01%, but in the case of CBPD is raised to 7.96%
(glycol method). Such high concentration of free
lime in CBPD may cause deterioration in properties
of cement bypass binders. The free lime reacts with
water slowly, much longer than the binding process
of cement paste. The lime hydration occurs with a
significant change in the volume of hardened cement
mortar (lack of volume stability), causing stretching
stress in non-plastic cement paste. In consequence,
this leads to forming of cracks, and even to destroying
of material.

Considerable attention is paid to the high content
of alkali oxides in bypass dust. The concentration
of alkalis expressed as sodium equivalent Na,O,
(=Na,0+0.658-K,0)is 6.26% in bypass dust, whereas
in Portland cement — 0.78%. In particular, the content of
potassium oxide is very high. The concentration of K,O
in bypass dust is 9.15% and is almost 10 times higher
than that in Portland cement. Such high proportion of
K,O may activate the hydraulic properties of bypass
dust and, as a result, accelerate the hydration process
of cement binder with time.

The characteristic property of bypass dust is high
concentration of CI ions, at about 5.69%. In used
Portland cement the amount of CI ions is only 0.08%.

Poréwnujac sktad chemiczny cementu portlandz-
kiego i pytu z bypassa, mozna zauwazy¢, ze dominu-
jacym sktadnikiem obu materiatow jest tlenek wapnia
(tabela 1). Udziat CaO w cemencie portlandzkim wy-
nosi 64,26%, natomiast w pyle bypass 55,72%. Ce-
ment portlandzki zawiera tylko 0,01% wolnego CaO,
podczas gdy w pyle bypass udziat wolnego CaO
jest duzy — 7,96% (metoda glikolowa). Tak wysoka
koncentracja wolnego CaO w pyle z bypassa moze
wplywaé niekorzystnie na wlasciwosci spoiwa ce-
mentowego zawierajacego w sktadzie pyt z bypassa.
Hydratacja wapna zachodzi ze znaczna zmiang ob-
jetosci stwardniatej zaprawy cementowej (brak sta-
tosci objetosciowej), powodujac powstanie naprezen
rozciagajacych w nieplastycznym zaczynie cemento-
wym. W konsekwencji prowadzi to do powstawania
spekan, a nawet moze doprowadzi¢ do zniszczenia
materiatu.

Uwage zwraca wysoka zawartos¢ alkaliéw w pyle by-
pass. Udzial alkaliéw w przeliczeniu na ekwiwalent so-
dowy Na,O,, okreslonego wzorem Na,O +0,658-K,0,
wynosi az 6,26% w pyle bypass, natomiast w cemen-
cie portlandzkim — 0,78%. Zwlaszcza wysoka jest
zawarto$¢ tlenku potasu. Udzial K,O w pyle bypass
wynosi 9,15% 1 jest prawie dziesi¢ciokrotnie wigkszy
niz w cemencie portlandzkim. Tak wysoki udziat tlen-
ku potasu moze aktywowac wlasciwos$ci hydrauliczne
pyhu z bypassa, a w konsekwencji przyspieszy¢ proces
hydratacji spoiwa cementowego w czasie.

Cechg charakterystyczng pytu z bypassa jest wyso-
ki udziat jondéw chloru, na poziomie 5,69%. W za-
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In the case of sulphur, the decrease in its
concentration is observed for bypass dust, by about
45% as compared to Portland cement.

The high content of volatile components (including
potassium, chlorine and sulfur) in the used bypass
dust has a direct impact on the high value of loss on
ignition, which value reaches almost 5%.

The results of phase composition of bypass dust,
presented in Figure 1, show that the main phase
component in dust are: calcite (CaCO,), quartz
(Si0,), sylvine (KCI) and belite (Ca,SiO,), which
is agreement with authors [4, 9, 19]. There were
also reflections from lime, which confirms the high
content of free CaO in bypass dust (Table 1).

2.2. Experimental methods

The research tests included four cement binder
with the composition given in Table 2. The industrial
ordinary Portland cement CEM I 42.5R (the symbol
C0) was used as the control cement. The cement
binder of C1-C3 were prepared by mixing Portland
cement with bypass dust in amount of 0.5%, 1% and
5% by mass of binder.

Cement sample OPC (BPD
] 100 %
Q 99.95 0.05
Q 99.0 1.0
(€] 95.0 50

The effect of bypass dust on the properties of
cement binder such as standard consistency, initial
setting time, soundness and compressive strength
were analysed. The SEM/EDS observations of
cement mortar microstructure are also made.

The standard consistency and initial setting time of
cement pastes were carried out according to standard
PN-EN 196-3:2016 “Method of testing cement — Part
3: Determination of setting times and soundness”.
The cement pastes were prepared by mixing of 500 g
of cement and with a predetermined amount of water.
The water demand of cement pastes was evaluated
when the Vicat plunger penetrated to cement paste to
a depth of 62 mm from the glass plate, on which the
Vicat mould with cement paste was placed. Next, the
cement paste of standard consistency was penetrated
by the Vicat needle, measuring the time from the
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stosowanym cemencie portlandzkim udziat jonow
CI wynosi tylko 0,08%.

W przypadku siarki obserwujemy spadek jej udzia-
lu w pyle z bypassa o okoto 45% w poréwnaniu
z cementem portlandzkim.

Duza zawartos¢ sktadnikéw lotnych (m.in. potasu,
chloru oraz siarki) w zastosowanym pyle cemento-
wym z bypassa ma bezposredni wptyw na wysoka
warto$¢ straty prazenia, siegajaca prawie 5%.

Wyniki badan skladu fazowego pyhlu z bypassa,
przedstawione na rysunku 1, wskazuja, ze glowny-
mi sktadnikami fazowymi pyhu s3: weglan wapnia
(CaCO,), kwarc (Si0,), sylwin (KCl) i belit (Ca,SiO,).
Jest to zgodne z wynikami badan [4, 9, 19]. Stwier-
dzono réwniez wystepowanie refleksow od wolnego
wapna (CaO), co potwierdza duza zawarto$¢ tego
sktadnika w pyle (tabela 1).

2.2. Metodyka badawcza

Badania przeprowadzono na czterech spoiwach
cementowych o skladzie podamy w tabeli 2. Jako
cement kontrolny (symbol C0) zastosowano przemy-
stowy cement portlandzki CEM 1 42,5R. Natomiast
spoiwa cementowe C1-C3 otrzymano przez wspolne
wymieszanie cementu portlandzkiego i pytu z insta-
lacji bypassa pieca cementowego w ilosci 0,5, 11 5%
masy spoiwa.

Table 2. Cement mix composition (wt%) used in the
experiment
Tabela 2. Skiad spoiw cementowych (mas%) do badan

Analizowano wplyw pylu z bypassa na wlasci-
wosci spoiwa cementowego, takie jak konsystencja
normowa, poczatek czasu wigzania, stato§¢ objetosci
1 wytrzymatos¢ na $ciskanie. Wykonano réwniez ob-
serwacje mikrostruktury zaprawy cementowej z wy-
korzystaniem analizy SEM/EDS.

Badania konsystencji normowej i poczatku cza-
su wigzania przeprowadzono zgodnie z norma
PN-EN 196-3:2016 ,Metoda badania cementu —
Cze$¢ 3: Oznaczanie czasOw wigzania i statos$ci obje-
tosci”. Przygotowano zaczyny cementowe, mieszajac
500 g cementu z ustalong wstepnie iloscig wody. Za-
czyny cementowe wykazaty konsystencje normowa,
gdy bolec aparatu Vicata zanurzyt si¢ w zaczynach
na gleboko§¢ 62 mm od ptytki szklanej, na ktorej
umieszczony byl w aparacie pierScien z zaczynem.
Nastepnie zaczyny o konsystencji normowej podda-
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preparation of cement paste to moment, in which the
needle was dipped in the paste to a depth of 6£3 mm
from the surface of the glass plate. The result was
given rounded up to 5 minutes.

The soundness of cement pastes was determined
using Le Chatelier moulds according to mentioned
standard PN-EN 196-3:2016. The cement paste of
standard consistency were prepared and placed in Le
Chatelier mould. The mould was kept for 24 hours at
temperature of 25°C under full humidity condition,
and the distance between the end of the needles was
measured. Next, the mould was heated to temperature
of 100°C and maintained at boiling temperature
during 3 hours and 5 minutes. After boiling the
distance between the end of the needles was again
measured. The result was given rounded up to 0.5
minutes.

The compressive strength of cement mortars
(standard sand:cement:water in proportion 3:1:0.5)
was determined in accordance with standard PN-
EN 196-1:2016 “Method of testing cement — Part
1: Determination strength”. The measurements were
carried out on a set of three standard specimens size
of 40 x 40 x 160 mm. The moulds with fresh mortar
were stored for 24 hours in a moist atmosphere.
After demoulding the specimens were stored in
water. At 2, 28 and 90 days of curing the specimens
were removed from the water and subjected to
compressive strength tests. The result was given
rounded up to 0.01 MPa.

The strength measurements were additionally
performed for the same cement mortars, but treated
in autoclave. The specimens of cement mortar of
40 x 40 x 160 mm size were prepared. The specimens
were kept in a moist atmosphere, and next they were
demoulded and stored in autoclave at temperature
of 180°C and pressure of 2 MPa. The autoclave was
turned off after 12 hours and the specimens were
cooled in an autoclave to about 100°C. Next the
specimens were removed from autoclave and cooled
10 minutes with water to approximately 25°C. The
research of compressive strength are performed after
28 and 90 days. The result was given rounded up to
0.01 MPa.

The analysis of the microstructure was made on
the basis of images obtained from scanning electron
microscope (SEM) — FEI Nova NanoSEM 200. The
tests were carried out on specimens being pieces
of mortar sample after strength test. Samples were
sprayed with carbon to ensure sample conductivity.
The EDS (Energy Dispersive X-ray Spectroscopy)

no probom penetracji iglg Vicata, mierzac od zarobie-
nia cementu czas, po ktorym igla zanurzyta si¢ w za-
czynach na glebokos¢ 6+3 mm od powierzchni plytki
szklanej (wynik podano w zaokragleniu do 5 minut).

Oznaczenie stalosci objetosci przeprowadzono za
pomoca pierscieni Le Chateliera, zgodnie ze wspo-
mniang normg PN-EN 196-3:2016. Przygotowano
zaczyny cementowe o konsystencji normowej, ktore
umieszczano w pierscieniu Le-Chateliera. Pierscien
przetrzymywano przez 24 godziny w temperatu-
rze 25°C w warunkach peinej wilgotnosci, po czym
zmierzono odleglo$§¢ pomigdzy iglami pierscie-
nia. Nast¢pnie pierscien ogrzewano do temperatury
100°C, przetrzymujac w temperaturze wrzenia przez
3 godziny i 5 minut. Po gotowaniu ponownie zmie-
rzono odlegto$¢ pomiedzy koncami igiet. Odlegtosé
igiet podano z doktadnoscig do 0,5 mm.

Wytrzymato$¢ na $ciskanie zapraw cementowych
(piasek normowy:cement:woda w proporcji 3:1:0,5)
oznaczono wedhug normy PN-EN 196-1:2016 ,,Me-
tody badania cementu — Cz¢$¢ 1: Oznaczanie wy-
trzymato$ci”. Pomiary byly wykonane na trzech be-
leczkach o wymiarach 40 x 40 x 160 mm. Formy ze
swiezg zaprawa przechowywano przez 24 godziny
w warunkach wilgotnych. Po rozformowaniu be-
leczki umieszczono w wodzie. Po 2, 28 1 90 dniach
dojrzewania beleczki wyjeto z wody i poddano ba-
daniom wytrzymatosci na $ciskanie. Wynik badania
podano w zaokragleniu do 0,01 MPa.

Pomiary wytrzymatosci na $ciskanie wykonano
dodatkowo dla zapraw cementowych poddanych au-
toklawizacji. Przygotowano beleczki zapraw o wy-
miarach 40 x 40 x 160 mm, ktore po 24 godzinach
przechowywania w warunkach wilgotnych rozfor-
mowano 1 przechowywano w autoklawie parowym
— zastosowano nasycong par¢ wodng o temperatu-
rze 180°C i ci$nieniu 2 MPa. Po 12 godzinach auto-
klaw wylaczono 1 prébki chtodzity si¢ w autoklawie
do temperatury okoto 100°C. Potem prébki wyjeto
1 schtodzono woda do temperatury okoto 25°C. Bada-
nia wytrzymatosci na $ciskanie przeprowadzono po
2 1 28 dniach. Wyniki badan wytrzymato$ci podano
w zaokragleniu do 0,01 MPa.

Analize mikrostruktury wykonano na podstawie
obrazow uzyskanych ze skaningowego mikroskopu
elektronowego (SEM) — FEI Nova NanoSEM 200.
Badania przeprowadzono na preparatach bedacych
kawatkami probki zaprawy po badaniu wytrzyma-
losci. Probki napylono weglem w celu zapewnienia
przewodzenia probki. Wykonano mikroanaliz¢ rent-
genowska EDS (Energy Dispersive X-ray Spectro-
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microanalysis was made to identify chemical
elements in microareas. The aim of these studies was
the analysis the type and morphology of hydrates in
cement mortars curing under normal and autoclave
conditions.

3. RESULTS AND DISCUSSION
3.1. Standard consistency and initial setting time

The results of standard consistency (expressed as
water demand and w/c ratio) and initial setting time
of cement pastes — control (sample C0) and with
addition of cement bypass dust (samples C1-C3) —
are shown in Table 3.

Cement Standard consistency Initial setting
sample | \ater demand (g) w/c (%) time (min)
0 140.7 28.1 195
a 146.3 29.3 190
Q 149.1 29.8 180
G 152.9 30.6 175

The introduction of bypass dust into the cement
causes the increase in the water required to obtain
cement paste of standard consistency (Table 3), which
is consistent with the research results in papers [17,
18, 27, 28]. The required water demand is increased
by 4% for binder C1. The higher content of dust in
the binder, the higher water demand — the increase in
water is 6% for binder C2 and almost 9% for binder
C3. It is probably caused by increase in specific
surface area of cement binder due to incorporation
of bypass dust which, as it is showed in Table 1, is
characterized by very high Blaine’s surface area of
8450 cm?/g. An important parameter is also the high
loss on ignition of bypass dust, which is about 82%
higher than that for Portland cement. This results in
an additional increase in the amount of water required
to achieve the binder of standard consistency due to
the presence of a large amount of porous grains of
unburned carbon with a large specific surface area.

As it is shown in Table 3, the initial setting time of
paste CO (control cement paste) is 195 minutes. The
introduction of bypass dust into the cement shortens
the initial setting time of cement paste. The paste C1
begins to set by 5 minutes earlier than sample C0. The
increase in the content of dust in the binder causes
a further shortening of initial setting time, which is
consistent with the results in papers [8, 18, 29]. The
paste C2 begins to set after 180 minutes, that is by 15
minutes earlier than paste C0. The paste C3 begins to
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scopy), ktora pozwolita na identyfikacj¢ pierwiast-
kow chemicznych w mikroobszarach. Celem tych
badan byta analiza rodzaju i morfologii hydratow w
prébkach zapraw dojrzewajacych w warunkach nor-
malnych i autoklawizacji.

3. WYNIKI | DYSKUSJA

3.1. Konsystencja normowa i poczatek czasu wiazania
Wyniki oznaczen konsystencji normowej (ilos$¢

wymaganej wody, stosunek w/c) oraz poczatku cza-

su wiazania zaczynéw cementowych — kontrolnego

(prébka CO0) i z dodatkiem pytu z bypassa (probki C1-

C3) — zestawiono w tabeli 3.

Table 3. The standard consistency and initial setting time
of cement pastes

Tabela 3. Konsystencja normowa i poczqtek czasu wigzania
zaczynow cementowych

Wprowadzenie pylu z bypassa powoduje zwigk-
szenie ilosci wody potrzebnej do otrzymania zaczynu
o konsystencji normowe;j (tabela 3), co jest zgodne
z wynikami badan publikowanymi w pracach [17, 18,
27, 28]. Wiasciwa ilo§¢ wody wzrasta o 4% dla spo-
iwa C1. Im wigkszy udziat pytu w spoiwie, tym wiek-
sze zapotrzebowanie na wod¢ — wzrost ilosci wody
wynosi 6% dla spoiwa C2 i prawie 9% dla spoiwa C3.
Jest to prawdopodobnie spowodowane wzrostem po-
wierzchni wtasciwej spoiwa wskutek wprowadzenia
dojegosktadupytu, ktory,jak przedstawionowtabelil,
charakteryzuje si¢ wysoka powierzchnig Blaine’a, na
poziomie 8450 cm?/g. Istotnym parametrem sg row-
niez wysokie straty prazenia pytu z bypassa, ktore sa
o okoto 82% wyzsze niz dla cementu portlandzkiego.
Powoduje to dodatkowy wzrost ilosci wody wyma-
ganej do osiagniecia konsystencji normowej spoiwa
z powodu obecnosci duzej ilosci porowatych ziaren
niespalonego wegla o duzej powierzchni wlasciwe;j.

Jak pokazano w Tabeli 3, poczatek czasu wigza-
nia zaczynu CO wynosi 195 minuty. Wprowadzenie
pylu z bypassa powoduje skrocenie poczatku czasu
wigzania zaczynu cementowego. Zaczyn C1 zaczyna
wigza¢ o 5 minut wczesniej niz probka CO. Wzrost
udziatu pylu w spoiwie powoduje dalsze skrocenie
poczatku czasu wigzania. Podobne wyniki uzyskano
w pracach [8, 18, 29]. Zaczyn C2 zaczyna wigza¢ po
180 minutach, czyli o 15 minut wcze$niej niz zaczyn
CO0. Natomiast zaczyn C3 zaczyna wigzac juz po 175
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set after 175 minutes, about 20 minutes earlier than
control cement paste. This fact can be explained by
the high content of alkalis in bypass cement binders,
which in turn may activate hydration of cement
fraction (mainly alite — C,S) [17, 30].

3.2. Soundness

The soundness results of cement pastes by method
Le Chatelier are presented in Table 4.
The introduction of bypass dust into the cement

Cement sample Soundness (mm)
] 2
Q 3
Q 5
(€] 6

causes greater volume changes of cement paste,
measured as distance between the end of the needles
of Le Chatelier mould before and after cooking of
cement paste. The greater volume changes of pastes
C1-C3 should be explained by the higher content
of free lime (CaO) in these cement pastes due to
incorporation of bypass dust to binders C1-C3. The
content of free CaO in bypass dust is 7-times higher
than that in Portland cement (Table 1). The molar
volume of CaO and Ca(OH), is respectively 16.76
and 33.06 cm*mol.

The higher concentration of bypass dust in cement
binder, the greater expansion of needles of Le
Chatelier mould. For paste C3, the volume change
is 6 mm (Table 4). Taking into account the content
of free lime in Portland cement and bypass dust
(Table 1), the calculated amount of free CaO in paste
C3is 0.41%.

The results show that all analysed binders containing
bypass dust in amount up to 5% by mass of binder
keep volume stability according to requirements of
standard PN-EN 197-1:2012. The Le Chatelier test
does not exceed allowed value of 10 mm. This is
confirmed with research results [11].

3.3. Compressive strength under normal
water curing

The results of compressive strength of cement
mortars are presented in Table 5. The cement bypass
dust negative influences on the strength of cement
mortars. The strengths of mortars C1-C3 is lower than

minutach, o 20 minut wczesniej niz zaczyn kontrol-
ny. Fakt ten mozna wytlumaczy¢ wysoka zawartoscia
alkaliow w spoiwach zawierajacych pyt z bypassa, co
z kolei moze aktywowac proces hydratacji cementu
(gtéwnie alitu — C3S) [17, 30].

3.2. Statosc objetosci

Wyniki badan statosci objetosci zaczynow cemen-
towych, wedtug metody Le-Chateliera, przedstawio-
no w tabeli 4.

Table 4. The soundness of cement pastes (Le-Chatelier
method)

Tabela 4. Stalos¢ objetosci zaczynow cementowych (metoda
Le-Chateliera)

Dodatek pytu z bypassa powoduje wigksze zmiany
objetosciowe zaczynu cementowego, mierzone jako
odleglo$¢ pomigdzy koncami igiet pierscienia Le-Cha-
teliera przed i po gotowaniu zaczynu. Wigksze zmia-
ny objetosciowe zaczynow C1-C3 nalezy tlumaczy¢
wigksza zawarto$cig wolnego wapna (CaO) w tych za-
czynach wskutek obecnosci pytu z bypassa w sktadzie
spoiw C1-C3. Udziat wolnego CaO w pyle bypass jest
7-krotnie wickszy niz w cemencie portlandzkim (Ta-
bela 1). Obj¢tosé molowa CaO wynosi 16,76 cm®/mol,
natomiast objeto$¢ molowa Ca(OH), — 33,06 cm*/mol.

Im wigkszy udziat pylu z bypassa w spoiwie, tym
wigksza rozszerzalno$¢ igiet pierscienia Le-Chatelie-
ra. W przypadku zaczynu C3 zmiana objetosci wy-
nosi 6 mm (tabela 4). Biorgc pod uwage zawarto$¢
wolnego CaO w cemencie portlandzkim i pyle (tabela
1), obliczona zawarto$¢ wolnego CaO w zaczynie C3
wynosi 0,41%.

Wyniki badan wskazuja, ze wszystkie analizowa-
ne spoiwa zawierajace pyt z bypass w ilosci do 5%
zachowuja statos¢ objetosci zgodnie z wymagania-
mi normy PN-EN 197-1:2012 ,,Cement — Czg$¢ 1:
Sktad, wymagania i kryteria zgodnos$ci dotyczace
cementow powszechnego uzytku”. Proba Le Chate-
liera nie przekracza dopuszczalnych 10 mm. Jest to
zgodne z wynikami badan [11].

3.3. Wytrzymatos$¢ na Sciskanie w normalnych
warunkach dojrzewania
Wyniki badan wytrzymalo$ci na $ciskanie zapraw
cementowych przedstawiono w tabeli 5. Pyt z by-
passa wptywa negatywnie na wytrzymato$¢ zapraw
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that of mortar CO after each analyzed period. This is
due to lower fraction of Portland cement in all bypass
cement binder (so-called “dissolution effect”), that
is, the component, which is responsible for hydration
process.

Cement Compressive strength (MPa) after:

sample 2 days 28 days 90 days
Q] 30.91+0.11 54.324+0.09 56.2610.06
a 30.14+0.18 53.77+0.26 55.98+0.13
Q 29.72+0.23 53.19+0.14 54.33+0.15
(€] 32.62+0.26 52.69+0.21 50.02+0.08

The decrease in compressive strength of mortars
C1-C3 may be also caused by higher content of free
CaO in binder C1-C3 due to introduction of bypass
dust, which represents the high concentration of free
CaO (Table 1). Taking into account the content of
bypass dust (Table 2), the calculated amount of free
CaO in samples C1, C2 and C3 is respectively 0.01%,
0.09% and 0.41%. Although the free lime rapidly
hydrates, the Ca(OH), exhibits lower strength, which
negatively affects the mechanical properties of the
final product.

The cement binder containing bypass dust requires
greater more water to obtain cement paste of standard
consistency, which in results may lead to increase
in microporosity of cement paste, especially the
increase in content of capillary pores and macropores
in microstructure [18]. In turn, the increase in
microporosity adversely affects the strength properties
of the mortar (less resistance to the compressive
forces).

According to Table 5, after 2 days the compressive
strength of all cement binders exceed 20 MPa. For
mortar C1 and C2, the decrease in mortar strength
is respectively only 2% and 4% as compared to that
of control mortar CO. In the case of mortar C3, the
increase in strength is observed and the difference is
about 6% comparing to sample CO.

This increase in early strength of mortar C3 may be
due to higher content of alkalis in binder C3, which
may activate hydration process of cement by forming
an additional amount of C-S-H in the hydrating system
[31]. However, it should be remembered that the total
content of alkalis in the cement binder with bypass
dust should not exceed 0.6%, when the aggregate
rich in reactive silica is used. Taking into account the
concentration of bypass dust (Table 2), the amount
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cementowych. Wytrzymato§¢ zapraw CI1-C3 jest
mniejsza niz zaprawy kontrolnej CO po kazdym okre-
sie badan. Jest to spowodowane mniejszym udziatem
cementu portlandzkiego w tych spoiwach (tzw. ,,efekt
rozcienczenia”), a wigc sktadnika, ktéry odpowiada
za szybkos$¢ procesu hydratacji.

Table 5. The compressive strength of cement mortars
hardened at normal conditions (water — 25°C)

Tabela 5. Wytrzymatos¢ na sciskanie zapraw cementowych
twardniejgcych w warunkach normalnych (woda — 25°C)

Spadek wytrzymalos$ci na $ciskanie zapraw C1-C3
moze by¢ rowniez spowodowany wysokim udziatem
wolnego CaO w spoiwach C1-C3 na skutek wpro-
wadzenia do skladu cementu pytu z bypassa, ktory
wykazuje wysoka zawartos¢ wolnego CaO (tabela 1).
Biorac pod uwage ilo$¢ wprowadzonego dodatku
(tabela 2), obliczona warto$¢ niezwigzanego CaO
w probkach C1, C2 i C3 wynosi odpowiednio 0,01%,
0,09% 1 0,41%. Cho¢ wolne wapno ulega gwaltow-
nej hydratacji, to jednak Ca(OH), wykazuje mniejszg
wytrzymalo$é, co negatywnie wptywa na wiasciwo-
$ci mechaniczne produktu finalnego.

Spoiwo cementowe zawierajace pyl z bypassa
w skladzie wymaga wigkszej ilosci wody, aby otrzy-
maé zaczyn cementowy o konsystencji normowej, co
w rezultacie moze prowadzi¢ do wzrostu mikroporo-
wato$ci zaczynu, zwlaszcza wzrostu zawarto$ci porow
kapilarnych i makroporow w mikrostrukturze [18].
Z kolei wzrost mikroporowato$ci wptywa niekorzyst-
nie na cechy wytrzymato$ciowe zaprawy (mniejszy
opor jaki sitom $ciskajagcym stawia materiat).

Jak przedstawiono w tabeli 5, po dwdch dniach wy-
trzymato$¢ na $ciskanie wszystkich zapraw cemento-
wych przekracza 20 MPa. W przypadku zapraw C1
i C2, spadek wytrzymato$ci wynosi odpowiednio
tylko 2% i 4% w stosunku do wytrzymato$ci zapra-
wy kontrolnej CO. Z kolei w przypadku zaprawy C3
obserwuje si¢ wzrost wytrzymalosci, a réznica wy-
nosi okoto 6% w poréwnaniu z zaprawa C0. Wzrost
wytrzymalo$ci wczesnej zaprawy C3 moze by¢ wy-
nikiem duzego udziatlu alkaliow w spoiwie C3, ktore
moga aktywowac proces hydratacji cementu z utwo-
rzeniem dodatkowej ilosci C-S-H w hydratyzujacym
uktadzie [31]. Nalezy jednak pamietaé, ze catkowita
zawarto$¢ alkaliow w cemencie z dodatkiem pylu
z bypassa nie powinna przekracza¢ 0,6% w przypad-
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of K,O and Na,O in binder C3 is respectively 1.36
and 0.16%, which gives total alkalis content of 1.06%
Na,O..

It is clear that with curing time the compressive
strength of all cement mortars is increased as a
consequence of hydration process proceeding. After
28 days, the decrease in compressive strength of
mortars C1 and C2 is comparable and the difference
in comparison to strength of mortar CO do not exceed
2% (Table 5). For mortar C3, the decrease in strength
is raised to 7%. The significant decrease in strength
of mortar C3 may be due to a significant change in
volume of this mortar, and the factor influencing the
change in volume is the hydration of free CaO. After
90 days, the strength of mortars CO, C1 and C2 is
in the range of 54-56 MPa, whereas the strength of
mortar C3 is only about 50 MPa with difference of
11% in comparison to mortar CO (Table 5).

The results in Table 5 show that the incorporation
up to 1% cement bypass dust to the cement can obtain
cement of strength class 42.5R according to PN-EN
197-1:2012, equal to reference cement (CEM 142.5R)
used in the experiment. For addition of 5% bypass
dust, the cement of strength class 32.5R is obtained.

3.4. Compressive strength of autoclaved
cement mortars

In this studies, the control cement binder (sample
C0) and cement binder containing the highest amount
of bypass dust (sample C3 — 5% of bypass dust) were
used. The autoclaving process were performed in
temperature of 180°C and pressure of 2 MPa for 12
hours. After autoclaving the mortar were stored in the
water until to compressive strength test. The results
are presented in Table 6.

Compressive strength (MPa) after:

Cement sample
2 days 28 days
] 50.05+0.16 64.85+0.21
(€] 55.60+0.18 69.85+0.09

After 2 days, the compressive strength of all
autoclaved cement mortars exceeds 50 MPa. In the
case of mortar C3, the increase in strength is 11% in
respect to control mortar CO. Compared to normal
curing conditions, the increase in 2-day compressive
strength of autoclaved mortar CO is 62%. For mortar
C3, the autoclaving process provides greater increase
in compressive strength, up to 55.60 MPa, and the
difference is 87% in relation to normal conditions.

ku, gdy stosowane jest kruszywo bogate w reaktywna
krzemionke. Biorgc pod uwage udziat pytu z bypassa
(tabela 2), udziat tlenkéw K,O i Na,O w spoiwie C3
wynosi odpowiednio 1,36% i 0,16%, co daje taczna
zawartos¢ alkaliow wynoszacg 1,06% Na,O..

Jest oczywiste, ze wraz z uptywem czasu wytrzy-
matos¢ na Sciskanie wszystkich badanych zapraw
cementowych wzrasta w wyniku postgpujacego pro-
cesu hydratacji. Po 28 dniach spadek wytrzymato-
$ci na $ciskanie zapraw C1 i C2 jest porownywalny
i nie przekracza 2% w stosunku do zaprawy CO (ta-
bela 5). Natomiast w przypadku zaprawy C3, rdznica
wytrzymato$ci wzrasta do 7%. Znaczny spadek wy-
trzymato$ci zaprawy C3 jest efektem znacznej zmia-
ny objetosci, a czynnikiem wplywajacym na zmiany
objetosci jest hydratacja wolnego CaO. Po 90 dniach,
wytrzymatos¢ zapraw CO, C1 i C2 miesci si¢ w za-
kresie 54-56 MPa, podczas gdy wytrzymatos$¢ zapra-
wy C3 wynosi tylko 50 MPa, co daje spadek o 11%
w stosunku do zaprawy CO (tabela 5).

Wyniki przedstawione w Tabeli 5 wskazuja, ze wpro-
wadzenie do sktadu cementu pylu z bypassa w ilosci
do 1% pozwala uzyska¢ cement klasy 42,5R zgodnie
z normg PN-EN 197-1:2012, a wigc takiej samej kla-
sy jak cement kontrolny (CEM I 42,5R) zastosowany
w badaniach. Przy dodatku 5% pytu z bypassa mozna
uzyskac cement o klasie wytrzymatosci 32,5R.

3.4. Wytrzymatosé na Sciskanie w warunkach
autoklawizacji

W badaniach wykorzystano spoiwo kontrolne
(prébka CO0) i spoiwo zawierajace w sktadzie najwig-
cej pytu z bypassa (probka C3 — 5% pytu). Wyniki
badan wytrzymaltosci po 2 i 28 dniach zestawiono
w tabeli 6.

Table 6. The compressive strength of autoclaved cement
mortars (2 MPa — 180°C) after 2 and 28 days of hardening

Tabela. 6. Wytrzymalos¢ na Sciskanie autoklawizowanych
zapraw cementowych (2 MPa — 180°C) po 2 i 28 dniach
twardnienia

Po dwoch dniach wytrzymato$¢ na $ciskanie za-
praw cementowych poddanych procesowi autokla-
wizacji przekracza 50 MPa. W przypadku zaprawy
C3 obserwuje si¢ wzrost wytrzymatosci o 11% w sto-
sunku do zaprawy kontrolnej C0. W poroéwnaniu do
normalnych warunkéw dojrzewania, wzrost wytrzy-
mato$ci dwudniowej autoklawizowanej zaprawy CO
wynosi 62%. W przypadku probki C3 proces auto-
klawizacji zapewnia wiekszy wzrost wytrzymatos$ci
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After 28 days, the increase in compressive strength
of autoclaved mortar CO is 19% as compared to the
same mortar, but cured under normal conditions.
In the case of autoclaved mortar C3, the difference
in strength gain is 32% (compressive strength is
increased to 69.85 MPa). The higher increase in
compressive strength of autoclaved mortar C3 may
be caused by the formation of large amounts of
hydrated calcium silicates with a higher degree of
crystallization, such as tobermorite.

The autoclaving increases the compressive strength
of cement mortar, and the presence of bypass dust has
a positive effect on the mortar strength compared to
Portland cement mortar. This means that the bypass
dust can be used as a raw material for the production
of autoclaved aerated concrete.

3.5. Microstructure of standard and autoclaved cement
mortars

The possibility of use of cement bypass dust for
production of aerated autoclaved concrete (AAC)
was analysed in paper [32]. The authors [32] showed
that main hydration products in ACC are: poorly
crystallized C-S-H gel and highly crystalline 11 A
tobermorite (autoclaving process at temperature of
100°C). It was also confirmed by research results
[33-36]. In turn, the studies [34] showed that
anhydrite, hydrogranates and small amounts of
minerals such as quartz and calcite may be formed in
AAC with addition of CBPD.

The compressive strength of AAC is increased,
when much more crystalline forms such as C-S-H,
tobermorite and hydrogarnets (well crystallized and
stable crystalline structure) are observed [35, 36].

The paper presents only the results of the SEM/EDS
analysis of the microstructure of hardened mortar C3,
which contains the most bypass, at the level of 5% by
mass of binder.

The microstructure images of mortar C3 cured in
normal conditions are showed in Figures 2 and 3. The
microstructure images of autoclaved mortar C3 after
28 days are given in Figures 4 and 5.
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na $ciskanie, do poziomu 55,60 MPa, a wiec o 87%
wiekszy niz w warunkach normalnych.

Po 28 dniach wzrost wytrzymato$ci na $ciskanie au-
toklawizowanej zaprawy CO wynosi 19% w stosunku
do wytrzymalosci zaprawy dojrzewajacej w warun-
kach normalnych. Natomiast w przypadku autoklawi-
zowanej zaprawy C3 rdznica w przyroscie wytrzyma-
osci wynosi 32% (wytrzymalo$¢ na $ciskanie wzrasta
do poziomu 69,85 MPa). Wigkszy przyrost wytrzy-
matosci na $ciskanie zaprawy C3 po autoklawizacji
moze by¢ spowodowany tworzeniem si¢ duzych ilosci
uwodnionych krzemianéw wapnia o wyzszym stopniu
wykrystalizowania, takich jak tobermoryt.

Autoklawizacja zwigksza wytrzymato$¢ na sciskanie
zaprawy cementowej, a obecno$¢ pytu z bypassa wply-
wa korzystnie na wytrzymato$¢ zaprawy w stosunku
do zaprawy z cementu portlandzkiego. Oznacza to, ze
pyl z bypassa moze by¢ stosowany jako surowiec do
produkcji autoklawizowanego betonu komoérkowego.

3.5. Mikrostruktura zapraw cementowych
dojrzewajacych w warunkach normalnych
oraz po procesie autoklawizacji

Mozliwos¢ wykorzystania pytu z bypassa pieca
cementowego do wytwarzania autoklawizowanego
betonu komorkowego (ABK) analizowano w pracy
[32]. Wykazano, ze gtownymi produktami hydrata-
cji ABK sg: stabo wykrystalizowany zel C-S-H oraz
wysokokrystaliczna odmiana tobermorytu 11 A (au-
toklawizacja przy temperaturze 100°C). Potwierdzi-
ly to rowniez wyniki badan [33-36]. Z kolei badania
[34] wskazaty, ze w ABK z dodatkiem CBPD moga
tworzy¢ si¢ rowniez anhydryt, hydrogranaty oraz nie-
wielkie ilosci mineratdéw takich jak kwarc i kalcyt.

Wytrzymato§é na $ciskanie ABK wzrasta, gdy ob-
serwuje si¢ znacznie wigcej form krystalicznych takich
jak C-S-H, tobermoryt i hydrogranaty (dobrze wykry-
stalizowana i stabilna struktura krystaliczna) [35, 36].

W pracy zaprezentowano jedynie wyniki analizy
SEM/EDS mikrostruktury stwardnialej zaprawy C3,
ktora zawiera w sktadzie najwiecej pytu z bypassa, na
poziomie 5% masy spoiwa.

Zdjecia mikrostruktury zaprawy C3 dla normalnych
warunkow dojrzewania zestawiono na rysunkach
2 1 3. Natomiast zdjecia mikrostruktury autoklawizo-
wanej zaprawy C3 po 28 dniach pokazano na rysun-
kach 41 5.
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Fig. 2. The microstructure of moratr C3 after 28 days of hardening in normal condition (water) with visible Portlandite
crystalis (point 1): a) SEM. Modification of 10 000x; b) EDS in point 1

Rys. 2. Mikrostruktura zaprawy C3 po 28 dniach twardnienia w warunkach normalnych (woda) z widocznymi krysztalami
portlandytu (punkt 1): a) SEM. Powigkszenie 1000x; b) EDS w punkcie 1
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Fig. 3. The microstructure of mortar C3 after 28 days
of hardening in normal conditions (water): a) SEM.
Modification of 10 000x; b) EDS in point 1 (Friedel s salt);
¢) EDS in point 2 (C-S-H fibres)

Rys. 3. Mikrostruktura zaprawy C3 po 28 dniach
twardnienia w warunkach normalnych (woda): a) SEM.
Powigkszenie 10 000x,; b) EDS w punkcie 1 (sol Friedla),
c) EDS w punkcie 2 (wioknista C-S-H)
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Fig. 4. The tobermorite fibres in autoclaved mortar C3
after 28 days of hardening in normal conditions (water).
SEM. Modification of 3000x

Rys. 4. Wiokna tobermorytu w autoklawizowanej zaprawie
C3 po 28 dniach twardnienia w warunkach normalnych
(woda). SEM. Powigkszenie 3000x

Fig. 5. The C-S-H gel phase and tobermorite fibres (right-centre part of the figure) in autoclaved mortar C3 after 28 days
of hardening in normal conditions (water). SEM. Modification of 10 000x

Fig. 5. Zelowa faza C-S-H oraz widkna tobermorytu (prawa srodkowa czesé rysunku) w autoklawizowanej zaprawie C3
po 28 dniach twardnienia w warunkach normalnych (woda). SEM. Powigkszenie 10 000x

The main hydration product in mortar C3, cured in
standard and autoclaved conditions is C-S-H gel. The
well-formed hexagonal Portlandite crystals are also
visible (point 1 in Figure 2), confirming the cement
hydration progression. After 28 days, the crystals of
Friedel’s salt and fibrous C-S-H are determined in
mortar C3 (Figure 3).

After 28 days, in the microstructure of autoclaved
mortar C3 the large amounts of tobermorite (well-
formed needles) are visible (Figure 4), as well as the
C-S-H phase with a higher degree of crystallization

18

Gtéownym produktem hydratacji w zaprawie cemen-
towej C3, dojrzewajacej w warunkach normalnych
i w autoklawie, jest zelowa faza C-S-H. Widoczne sa
rowniez dobrze wyksztalcone heksagonalne kryszta-
ly Portlandytu (punkt 1 na rysunku 2), co potwierdza
postepujacy proces hydratacji spoiwa C3. Po 28 dniach
w mikrostrukturze zaprawy C3 stwierdza si¢ obecnos¢
krysztatow soli Friedela, a takze fazy C-S-H w formie
wlokien (rysunek 3).

Po 28 dniach w mikrostrukturze autoklawizowa-
nej zaprawy C3 widoczne sg duze ilosci tobermorytu
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(Figure 5). This confirms results presented in papers
[32-36]. The fibres of tobermorite are located
between grains of cements, which, as a consequence,
leads to increased tightness of mortar C3 (decrease in
microporosity) in comparison to control mortar CO.

The SEM/EDS results confirm that for cement
binder containing up to 5% of cement bypass dust
as replacement of ordinary Portland cement CEM 1
42.5R in binder, it is possible to obtain tobermorite
phase in specified hydrothermal conditions (in
temperature of 180°C and at pressure of 2 MPa for
12 hours). Thus, the binder C3 used in the experiment
may be utilized as material in production of autoclaved
aerated concrete.

4. CONCLUSIONS

The application of cement bypass to the cement
binder increases the water demand for standard
consistency and prolongs the initial setting time of
cement binder as compared to Portland cement without
bypass dust. For analysed binders containing 0.5, 1
and 5% bypass dust, the amount of water required
for full cement hydration is increased respectively by
about 4%, 6% and 9% as compared to control cement.
The higher content of dust in binder, the cement paste
begins to set faster. The cement paste containing 5%
bypass dust begins to set by 20 minutes earlier than
control cement paste.

Despite the significant amount of free CaO in dust,
the all analysed cement paste containing bypass dust,
determined by Le Chatelier method, does not exceed
10 mm in accordance with requirements of standard
PN-EN 197-1.

The early (2-day) compressive strength of cement
mortar containing 0.5 and 1% bypass dust is
comparable to that of Portland cement. The strength
of these mortars is decreased only by 4% and 6%,
respectively. This is due to lower fraction of Portland
cement CEM 1 42.5R in these binders (so-called
“dissolution effect”). For cement containing 5% dust,
the increase in strength is observed, and the difference
is about 6% as compared to Portland cement. This is
probably due to activation of cement hydration as a
result of introduction of greater amount of alkalis to
cement binder (the highest content of bypass dust in
this binder) compared to other mortars, especially
comparison to reference mortar.

After 28 days, the all cement mortars containing
bypass dust represent lower compressive strength
than Portland cement. This may be a consequence of
the increase in the content of free CaO in cements

w postaci dobrze wyksztalconych igiet (rys. 4), jak
réowniez faza C-S-H o wyzszym stopniu wykrystali-
zowania (rys. 5). Potwierdza to wyniki badan zawarte
w pracach [32-36]. Wiokna tobermorytu znajduja si¢
w przestrzeni pomiedzy ziarnami cementu (rys. 5),
co w efekcie prawdopodobnie prowadzi do wzrostu
szczelnosci zaprawy C3 (spadku mikroporowatosci)
w poréwnaniu do zaprawy kontrolnej CO.

Badania SEM/EDS potwierdzaja, ze dla spoiwa za-
wierajacego do 5% pylu z bypassa jako zamiennika
sktadnika cementowego CEM 1 42,5R w spoiwie, po-
wstaje tobermoryt przy zastosowanych parametrach
autoklawizacji (temperatura 180°C i ci$nienie 2 MPa
przez 12 godzin). Zatem spoiwo C3, ktore zastoso-
wano w eksperymencie, moze by¢ zastosowane jako
material w procesie produkcji autoklawizowanego
betonu komadrkowego.

4. PODSUMOWANIE

Wprowadzenie pytu z instalacji bypassa pieca ce-
mentowego zwigksza ilos¢ wody wymaganej do uzy-
skania zaczynu cementowego o konsystencji normo-
wej oraz wydluza poczatek czasu wigzania spoiwa
cementowego w stosunku do spoiwa na bazie cementu
portlandzkiego bez dodatku. W przypadku badanych
spoiw zawierajacych 0,1%, 1% 1 5% pytu z bypassa,
ilos¢ wody niezbednej do pelnej hydratacji spoiwa
wzrasta odpowiednio o okoto 4, 6 i 9% w stosunku
do cementu kontrolnego. Im wigkszy udzial pyhlu
W mieszance, tym zaczyn cementowy zaczyna szyb-
ciej wigzac. Zaczyn cementowy zawierajacy 5% pytu
z bypassa zaczyna wigza¢ o 20 minut wczesniej niz
zaczyn z cementu kontrolnego.

Mimo znacznej zawartosci wolnego CaO w pyle,
rozszerzalno$¢ liniowa wszystkich badanych zaczy-
néw z dodatkiem pylu z bypassu, mierzona metoda
Le Chateliera, nie przekracza 10 mm zgodnie z wy-
maganiami normy PN-EN 197-1.

Weczesna (dwudniowa) wytrzymalo$¢ na $ciskanie
zaprawy cementowej zawierajacej 0,51 1% pytu z by-
passa jest porownywalna z wytrzymalo$cig zaprawy
z cementu portlandzkiego. Wytrzymatos$¢ tych za-
praw maleje odpowiednio tylko o 4% i 6%. Jest to
spowodowane mniejszym udzialem cementu por-
tlandzkiego CEM I 42,5R w tych spoiwach (tzw.
»efekt rozcienczenia”). Natomiast w przypadku za-
prawy zawierajacej 5% pylu obserwuje si¢ wzrost
wytrzymalos$ci, a réznica wynosi okoto 6% w sto-
sunku do cementu portlandzkiego. Jest to prawdo-
podobnie spowodowane aktywacja procesu hydra-
tacji spoiwa zawierajacego pyl z bypassa na skutek
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with the addition of dust. The hydration of CaO
gives significant changes in the volume of hardened
cement mortar (lack of volume stability). In effect,
the causing stretching stress are formed in hardened
cement paste, which negatively affect the strength of
material.

Taking into account the requirements of standard
PN-EN 197-1, the addition of 1% bypass dust does not
cause the decrease in cement strength class (cement
strength class of 42.5R). The incorporation of 5%
bypass dust gives cement strength class of 32.5R.

The autoclave curing improves the compressive
strength gain of cement mortars. After 2 days, the
strength of autoclaved cement containing 5% of
bypass dust is increased to 55.60 MPa, whereas that of
autoclaved Portland cement is only 50.05 MPa. After
28 days, the strength of these mortars is respectively
64.85 MPa and 69.85 MPa. The increase in strength
of autoclave cement mortars can be explained by the
fact that the use of hydrothermal treatment allows the
formation of C-S-H of higher crystallization degree
and well-formed tobermorite fibres, which in effect
cement mortar can represents higher strength.

REFERENCES

wprowadzenia wraz z pytem wigkszej ilosci alka-
liéw (najwigkszy udziat pylu w tym spoiwie) w po-
rownaniu do innych zapraw, zwlaszcza w stosunku
do zaprawy kontrolne;j.

Po 28 dniach wszystkie zaprawy cementowe z do-
datkiem pylu z bypassa reprezentuja nizsza wytrzy-
matos¢ na Sciskanie niz cement portlandzki. Moze
to by¢ konsekwencja wzrostu udziatu wolnego CaO
w cementach przy dodatku pylu. Hydratacja CaO
powoduje zmiany objgtosci stwardniatej zaprawy
cementowe]j (brak stalo$ci objetosci). W efekcie
w stwardnialym zaczynie cementowym powstajg na-
prezenia rozciggajace, ktore negatywnie wptywajg na
wytrzymato$¢ materiatu.

Zgodnie z wymaganiami normy PN-EN 197-1, do-
datek 1% pylu z bypassa nie powoduje zmiany klasy
wytrzymatosci cementu (cement klasy wytrzymato-
$ci 42,5R). Natomiast przy dodatku 5% pylu mozna
uzyska¢ cement klasy wytrzymatosciowej 32,5R.

Probki zapraw poddane procesowi autoklawizacji
wykazujg wiekszy przyrost wytrzymatosci na $ciska-
nie. Po dwoch dniach autoklawizacji, wytrzymatos¢
zaprawy zawierajacej 5% pytu z bypassa wzrasta do
55,60 MPa, podczas gdy wytrzymato$¢ zaprawy z ce-
mentu portlandzkiego wynosi tylko 50,05 MPa. Po
28 dniach autoklawizacji, wytrzymatos¢ tych zapraw
wynosi odpowiednio 64,85 MPa i 69,85 MPa. Wzrost
wytrzymatos$ci na $ciskanie zaprawy po autoklawiza-
¢ji mozna tlumaczy¢ tym, ze zastosowanie obrobki
hydrotermalnej pozwala na powstanie fazy C-S-H
0 wyzszym stopniu wykrystalizowania, a takze to-
bermorytu w postaci dobrze wyksztalconych igiet,
dzigki czemu zaprawa cementowa moze uzyskiwac
wyzszg wytrzymatos¢ [27].
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Abstract

Mastic containing asphalt in its composition is an example of a viscoelastic material. It is an effective binder in asphalt.
It consists of a filler (<0.063 mm) and asphalt mixed in the right proportions. Just like in asphalt, its response depends
on the temperature level, the load and stress time. Changing the stress stiffness of the mastic affects the non-linear course
of the stress-strain relationship. Modelling of the non-linear course of the mastic response for any stress history was per-
formed using a single-integral Schapery equation. Two mastic composites made using filler to asphalt 2: 1 ratio, was used
in the tests. In addition, the contents of the filler, in one of the compositions, was enriched with hydrated lime in an amount
of 15% in relation to the mass of the lime filler. It was found that the use of non-linear viscoelasticity model describes, in
a comprehensive manner, the change in strain over time with different stress histories. In addition, hydrated lime reduced
strains in the mastic compared to a composition consisting of limestone dust only.

Keywords: non-linear viscoelasticity, numerical modelling, MSCR test, mastic.

Streszczenie

Mastyks zawierajgcy w swoim sktadzie asfalt jest przyktadem materiatu lepkosprezystego. Stanowi on efektywne lepiszcze
w mieszance mineralno-asfaltowej. Sktada sig¢ on z wypetniacza (<0,063 mm) oraz asfaltu wymieszanego w odpowied-
nich proporcjach. Tak samo jak w mma jego odpowiedz zalezy od poziomu temperatury, czasu oddzialywania obcigzenia.
Zmiana sztywnosci mastyksu wywolana naprezeniem rzutuje na nieliniowy przebieg relacji naprezenia-odksztalcenie.
Modelowanie nieliniowego przebiegu reakcji mastyksu dla dowolnej historii naprezenia zostato wykonane przy uzyciu
Jednocatkowego rownania Schapery’ego. W badaniach wykorzystano dwie kompozycje mastyksu sporzgdzonego przy
proporcji wypetniacza do asfaltu wynoszgcego 2:1. Ponadto sklad wypetniacza zostal w jednej z kompozycji wzbogaco-
ny o wapno hydratyzowane w ilosci 15% w stosunku do masy wypelniacza wapiennego. Stwierdzono, ze zastosowanie
modelu nieliniowej lepkosprezystosci w sposob kompleksowy opisuje zmiang odksztalcenia w czasie przy roznej historii
wystegpowania naprezna. Ponadto wapno hydratyzowane korzystnie ograniczyto deformacje w mastyksie w stosunku do
kompozycji sktadajqcej sie wylqcznie z mgczki wapiennej.

Slowa kluczowe: non-linear viscoelasticity, numerical modelling, MSCR test, mastic.

1. INTRODUCTION 1. WPROWADZENIE

Road materials containing asphalt in their
composition belong to viscoelastic materials (real
bodies). In the design of new road structures, asphalt
composites are treated as materials corresponding

Materiaty drogowe zawierajace w swoim skladzie
asfalt nalezag do materiatéw lepkosprezystych (ciata
rzeczywiste). W projektowaniu nowych konstrukcji
nawierzchni drogowych kompozyty mineralno-as-
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to the elastic physical model [1]. It is a model that
maintains a linear stress-strain relationship [2].
Unfortunately, the inability to include the time causes
that it does not reflect the phenomenon of relaxation
or creep that takes place in any structure of a flexible
road surface [3]. Therefore, its use is limited to cases
in which the road structure is briefly loaded for about
0.02 s or exposed to low temperature below +13°C.
The viscoelastic model is a much better tool that
reflects the behaviour of bituminous road materials.
The viscoelastic model allows for the time of stress
interaction, however, usually in most applications it
is limited to the linear viscoelasticity range (LVE)
[4-6], where the o—e¢ relationship is linear. This
allows structuring curves of the leading viscoplastic
functions [7]. Nevertheless, in reality the case of
linear viscoelasticity is a special case of non-linear
course of the o—e¢ relationship [8], because the
bituminous road materials experience momentary
creep phenomena at the moment of the applied
stress [9]. In addition, the range of viscoelasticity
may change if the rate of stress increment is low
[10]. Practice indicates that permanent strains are
created in the material even in the LVE range, which
suggest the non-linearity of the c—¢ relationship
[11, 12]. Therefore, the application of the non-linear
viscoelastic model is the most rational approach to
the nature of bituminous road materials, including
mastics. The record in the form of a single-
integral relationship allows the implementation
of parameters, such as time, temperature and
stress to the description of the o—e¢ relationship,
which basically play the most important role in
the deformability evaluation of the mastic as well
as other asphalt composites. Due to the fact that
the mastic is an effective binder in an asphalt, its
rheological changes will significantly reflect the
deformability of asphalt.

2. MATERIALS AND METHODS
2.1. Mastic

Mastic is a mixture of asphalt and mineral filler
(<0.063 mm). It is an effective binder in asphalt and
determines its rheological properties [13]. The 50/70
road asphalt was used in the tests. To make a mastic,
reference lime filler (LM) and mixed filler were
used, produced from the combination of hydrated
lime (HL) and lime filler in the proportion (HL/LM)
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faltowe traktowane sg jako materialy odpowiadajace
sprezystemu modelowi fizycznemu [1]. Jest to model
ktory zachowuje liniowsg relacje naprezenie-odksztal-
cenie [2]. Niestety brak mozliwosci uwzglednienia
czasu powoduje, ze nie odwzoruje on zjawiska relak-
sacji ani tez pelzania, ktére ma miejsce w kazdej kon-
strukcji podatnej nawierzchni drogowej [3].W zwigzku
z tym jego stosowanie jest ograniczone do przypadkow
w ktorych konstrukcja nawierzchni jest obcigzona przez
kroétki czas okoto 0,02 s w niskiej temperaturze ponizej
+13°C. Znacznie lepszym narzedziem, ktoére odzwier-
ciedla zachowania bitumicznych materialow drogo-
wych jest model lepkosprezysty. Model lepkosprezy-
sty uwzglednia czas oddziatywania napr¢zenia, jednak
zwykle w wiekszo$ci zastosowan jest ograniczony do
zakresu liniowej lepkosprezystosci (LVE) [4-6], gdzie
relacja c—¢ jest liniowa. Pozwala to na konstruowanie
krzywych wiodacych funkcji lepkosprezystosci [7].
Niemniej jednak w rzeczywistosci przypadek liniowej
lepkosprezystosci jest szczegolnym przypadkiem nie-
liniowego przebiegu relacji c—e¢ [8], gdyz bitumiczne
materialy drogowe w momencie przylozonego napre-
zenia doznaja natychmiastowego zjawiska petzania
[9]. Ponadto zakres relacji 6-€ odpowiadajacy liniowej
lepkosprezystosci moze ulec zmianie, jesli szybkos¢
przyrostu naprezenia bedzie mata [ 10]. Praktyka wska-
zuje, ze nawet w zakresie LVE w materiale powstaja
trwate odksztalcenia co sugeruje nieliniowo$¢ relacji
o—e¢ [11, 12]. W zwigzku z tym zastosowanie nieli-
niowego modelu lepkosprezystosci jest najbardziej
racjonalnym ujeciem natury bitumicznych materialow
drogowych, w tym réwniez mastyksu. Zapis w posta-
ci relacji jednocatkowej pozwala na implementacj¢ do
opisu relacji c—-¢, takich parametréow jak: czas, tem-
peratura oraz napr¢zenie, ktére zasadniczo odgrywaja
najistotniejsza rolg w ocenie odksztatcalnos$ci mastyk-
su jak i innych kompozytéw mineralno-asfaltowych.
Z faktu, ze mastyks stanowi efektywne lepiszcze
W mieszance mineralno-asfaltowej, jego zmiany reolo-
giczne beda bardzo istotnie odzwierciedlaty odksztat-
calno$¢ mieszanek mineralno-asfaltowych.

2. MATERIALY | METODY
2.1. Mastyks

Mastyks jest to mieszanina asfaltu oraz wypel-
niacza mineralnego (<0,063 mm). Stanowi on efek-
tywne lepiszcze w mieszance mineralno-asfaltowej
1 decyduje o jej wlasciwos$ciach reologicznych [13].
W badaniach zostat wykorzystany asfalt drogowy
50/70. Do sporzadzenia mastyksu wykorzystano re-
ferencyjny wypetniacz wapienny (LM) oraz wypet-
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equal to 0.15 (m/m), in accordance with the
recommendation given in the work [14]. The asphalt
and filler samples were heated to a temperature of
155°C and such temperature was maintained for
30 minutes. The next step was mixing asphalt and
various filler compositions at a constant temperature
and at 400 rpm. After mixing, the mastic samples to
be tested were preconditioned at 5°C until the test.
A detailed list of results set by EN 14043 are shown
in Table 1.

Component/mixture

Parameter Standard | Uom LS HL/LS

0.3 (m/m)

Rigden voids EN 1097-4 % 35.12 41.13

femperature inctement | gy 13170.1 | o¢ | 17,08 1851
of ring and ball

Stone density ofthefiller | ey 10977 | Mgy | 271 255
composition

It should also be remembered to avoid excessive
amount of hydrated lime to the volume of lime filler
due to the intense increase of mastic stiffness and
the reduction of significant workability of asphalt.
According to researchers [15] the value V, (volume
of concentrated filler) for dusts from the dust
extraction system should be about 60% as it causes
excessive stiffening of the mastic. Considering the
data contained in the Leuseur’s work [14] the weight
ratio of the filler to asphalt should not exceed 2.5:1.
Following these guidelines, it was found that the 2:1
ratio of asphalt to filler would be the most appropriate
for comparison purposes, irrespective of the amount
of hydrated lime in the lime filler. Assumptions of the
adopted research plan are presented in Table 2.

HUL F/B deIZfi ty Vo e V. V.
(w/w) (w/w) Mg/m? % (v/v) % (v/v) %
0.00 0.00 1.03 - - -
0.00 2.00 1.75 43.03 56.97 66.33
0.15 2.00 1.72 43.75 56.25 71.76

niacz mieszany, ktéry powstat w wyniku potaczenia
wapna hydratyzowanego (HL) oraz wypelniacza wa-
piennego w proporcji (HL/LM) réownej 0,15 (m/m),
sugerujac si¢ zaleceniami podanymi w pracy [14].
Probki asfaltu oraz wypelniacza zostaty rozgrzane do
temperatury 155°C 1 utrzymywane w niej przez 30
minut. Kolejnym etapem bylo wymieszanie asfaltu i
roznych kompozycji wypetniacza w statej temperatu-
rze przy 400 obr/min. Po wymieszaniu przeznaczone
do badania probki mastyksu byty kondycjonowane w
temperaturze 5°C do czasu badania. Szczegotowe ze-
stawienie wybranych wlasciwosci wypetniacza zgod-
nie z EN 13043, przedstawiono w tabeli 1.

Table 1. Selected physical parameters of the mixed filler
according to PN EN 14043

Tabela 1. Wybrane parametry fizyczne wypetniacza mie-
szanego wg PN EN 13043

Nalezy rowniez pamigta¢ o unikaniu nadmiernej ilo-
$ci wapna hydratyzowanego w stosunku do objetosci
wypelniacza wapiennego zuwagi na intensywny wzrost
sztywnosci mastyksu oraz istotne zmniegjszenie urabial-
no$ci mieszanki mineralno-asfaltowej. Wedlug bada-
czy [15] wartos¢ V,, (objetos¢ zageszczonego wypetnia-
cza) dla pyldéw z systemu odpylania powinna wynosi¢
okoto 60%, poniewaz wywoluje nadmierne usztywnie-
nie mastyksu. Bioragc pod uwage informacje zawarte
w pracy Leuseur [14], stosunek wagowy wypetniacza
do asfaltu nie powinien by¢ wigkszy niz 2,5:1. Sugeru-
jac si¢ tymi zaleceniami ustalono, ze do celow porow-
nawczych najbardziej odpowiednia bedzie proporcja
asfaltu do wypeliacza wynoszaca 2:1, bez wzgledu na
ilo§¢ wapna hydratyzowanego w sktadzie wypekiacza
wapiennego. Zalozenia przyjetego planu badan przed-
stawiono w tabeli 2.

Table 2. Experimental research plan and appropriate
mastic compositions

Tabela 2. Plan badan eksperymentalnych oraz odpowiednie
kompozycje mastyksu
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The reference asphalt was the first composition. F/B
refers to the filler/bitumen weight ratio. HL/L means
the percentage of hydrated lime in the total mass of
the filler.

2.2. Modified MSCR test

This test allows assessing the compliance and
recovery of binder in simulated load conditions,
close to real conditions in the linear and non-linear
viscoelasticity range. Normally, the MSCR test is
performed on the basis of PN-EN 16659: 2016-02
and AASHTO TP70. This test is performed using a
rheometer equipped with a parallel plate set-up in
accordance with EN 14770: 2012 in a controlled
stress system. The compliance assessment of the
binder is performed for shear stress of 100 kPa
and 3200 Pa applied for 1 second, and then the
measurement of elastic recovery of asphalt for
9 seconds, at the asphalt temperature of 60°C, is
performed. The entire cycle for one stress range lasts
100 seconds. Consequently, the compliance value J
(irreversible part of the strain divided by the applied
stress) and elastic recovery ER% are determined.

The standard MSCR test was modified by an extra
shear stress sequence of 6400 Pa. In addition, the
number of load cycles was modified. The experiment
involved three load cycles for three stress levels,
namely: 100Pa, 3200Pa and 6400 Pa. As a result,
the entire test lasted 90 seconds. All tests were
performed at 60°C. According to researchers [11],
the application of the first three load cycles correctly
represents the strain change over time.

3. NON-LINEAR SCHAPERY MODEL
3.1. Description of the non-linear Schapery model

The theory proposed by Schapery is one of the
most commonly used methods, mainly in polymers,
describing the non-linear nature of viscoelasticity.
It was determined basing on thermodynamics of
irreversible processes [10, 16, 17]. Performing certain
transformations in relation to the constant temperature
at the uniaxial state of stress induced by the independent
variable o, the representation of the strain change
(creep test), using the single-integral relationship, has
the following formula (1):
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Pierwszg kompozycje stanowil asfalt referencyjny.
Oznaczenie F/B odnosi si¢ do stosunku wagowego
wypetniacz/asfalt. Oznaczenie HL/L oznacza udziat
procentowy wapna hydratyzowanego w calkowitej
masie wypetniacza.

2.2. Zmodyfikowana metoda MSCR

Metoda MSCR pozwala oceni¢ podatnos¢ oraz
nawroét lepiszcza w symulowanych warunkach ob-
cigzenia zblizonych do rzeczywistych w liniowym i
nieliniowym zakresie lepkosprezystosci. Klasycznie
badanie MSCR wykonuje si¢ na podstawie PN-EN
16659:2016-02 oraz AASHTO TP70. Badanie to wy-
konuje si¢ za pomocg reometru wyposazonego w ze-
staw ptytka-ptytka zgodnie z normg EN 14770:2012 w
uktadzie kontrolowanego naprezenia. Oceng podatno-
sci lepiszcza wykonuje si¢ dla naprezenia $cinajgcego
100 Pa oraz 3200 Pa przyktadanego przez 1 sekundg, a
nastgpnie wykonywany jest pomiar nawrotu spr¢zyste-
go asfaltu przez 9 sekund w temperaturze asfaltu 60°C.
Caly cykl dla jednego zakresu naprezenia wynosi 100
sekund. Wykonujac niniejsze badanie wedtug MSCR
mozna okresli¢ podatnos¢ J (nicodwracalna czes¢
odksztalcenia podzielona przez przylozone napreze-
nie) oraz nawrotu sprezystego ER%.

W niniejszym badaniu zastosowano modyfikacje
klasycznego badania MSCR o dodatkowa sekwencje
naprezenia Scinajacego rownego 6400 Pa. Ponadto
zastosowano modyfikacje liczby cykli obcigzenia.
W eksperymencie zastosowano trzy cykle obcigzenia
dla trzech poziomoéw naprezenia, a mianowicie: 100
Pa, 3200 Pa oraz 6400 Pa. W rezultacie cale bada-
nie trwato 90 sekund. Wszystkie badania wykonano
w temperaturze 60°C. Wedtug badaczy [11] zastoso-
wanie trzech pierwszych cykli obcigzenia poprawnie
reprezentuje relacje zmiany odksztalcenia w czasie.

3. NIELINIOWY MODEL SCHAPERY’EGO
3.1. Opis nieliniowego modelu Schapery’ego

Teoria zaproponowana przez Schapery’ego jest
jedng z najczesciej stosowanych teorii, gldownie wy-
korzystywana do oceny nieliniowego zachowania
pewnych polimeréw, opisujgcych nieliniowy charak-
ter lepkosprezystosci. Zostata ona sformutowana na
podstawie zasad termodynamiki procesOw nieodwra-
calnych [10, 16, 17]. Wykonujac pewne przeksztatce-
nia wzgledem statej temperatury przy jednoosiowym
stanie napr¢zenia wywotanego niezalezng zmienng o,
reprezentacja zmiany odksztatcenia (proba pelzania)
za pomocy relacji jednocatkowej ma postac:
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+ 7irrec (t)

where: J, —instantaneous creep compliance, AJ- creep
compliance dependant on time, g,, 9,, 9, — parameters
in the stress function modelling the non-linear course
of the 6—-¢ relationship, y, . (t) — level of irreversible
strains. The reduced time in formula (1) adopts the
following form:

w‘=jd—t' and w’=jd—r )

28, [o(t)] 28, [o(7)]

Material parameters are stress-dependant g, g, g,
parameters. They reflect the relationship of the third
and fourth order of the Gibbs free energy from stress.
The parameter a_, also depending on the stress level,
is in fact a horizontal shift coefficient on the time
scale [10].

The equation (1) represents the creep course in
which separation follows into the part independent
of time J, and time-dependent AJ. The fundamental
issue is to define the sub-integral creep function.
Exponentiation has the simplest form [10]. The
applied function allows obtaining reliable results
at the expense of lowering estimation precision
within a long period of time. The function derived
from the group of physical models of generalized
viscoelasticities is much more beneficial. Therefore,
a generalized Kelvin-Voigt model with an additional
Hooke element (GK-E) was proposed. It allows for
the representation of material in the range in which
the part of the strain is constant and independent of
time (short load time) /. A graphic representation of
the adopted model is shown in Figure 1.

+ 7/irrec (t)

gdzie: J, — podatno$¢ petzania natychmiastowa, AJ —
podatno$¢ petzania zalezna od czasu, g, 9,, 9, — para-
metry materiatowe zalezne od historii przytozonego
napregzenia w czasie modelujace nieliniowy przebieg
relacji 6—s, v, (1) — poziom odksztalcef nicodwra-
calnych. Czas zredukowany we wzorze (1) ma naste-

pujaca postac:

w :j- dt’ oraz y* :j dr

08, [G(t')] 08, [G(T)]

Zasadniczg rolg parametrow materialowe g, 9., g,
jest odzwierciedlenie efektu nieliniowo$ci wywotang
poziomem przytozonego obcigzenia do materiatu. Od-
zwierciedlajg one relacje trzeciego i czwartego rzgdu
energii swobodnej Gibbsa od naprgzenia. Parametr a ,
rowniez zalezny od poziomu naprg¢zenia, jest w isto-
cie wspotczynnikiem przesunigcia poziomego na skali
czasu [10], speliajacy t¢ sama role co wspdlczyn-
nik przesunig¢cia temperaturowego wykorzystywany
w zasadzie superpozycji czas-temperatura.

Roéwnanie (1) reprezentuje przebieg pelzania, w kto-
rym wystepuje rozdzielenie na cz¢$¢ niezalezng od cza-
su.J, oraz zalezng od czasu AJ. Podstawowg kwestig jest
okreslenie podcatkowej funkcji petzania. Najprostsza
postaé posiada funkcja potegowa [10]. Jest to funkcja,
ktéra oferuje tatwa implementacje i miarodajne wyni-
ki jednak poswieca ona precyzje analiz wykonanych
w szerokim spektrum czasu. Znacznie korzystniejsza
jest funkcja pochodzaca z grupy fizycznych mode-
li uogdlnionych lepkosprezystosci. W zwigzku z tym
zaproponowano posta¢ uogolnionego modelu Kelvi-
na-Voigta z dodatkowym elementem Hooke’a (GK-
E). Pozwala on na reprezentacj¢ materiatu w zakresie,
w ktorym czg$¢ odksztatcenia jest stata i niezalezna od
czasu (krotki czas obcigzenia) J,. Graficzng reprezen-
tacje przyjetego modelu przedstawiono na rysunku 1.

2

Fig. 1 Generalized Kelvin-Voigt model adopted with an
additional Hooke element (GK-H)

Rys. 1. Przyjety uogolniony model Kelvina-Voigta z dodat-
kowym elementem Hooke’a (GK-H)
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Therefore, the overall form of the creep function (1)
changing the integral as the sum of the Prony series
elements is as follows:

J(vt) =y + zl‘/ [1—4“")} 3)

where: J, — i-th element of compliance representing
the i-th element of the Prone series (Kelvin-Voigt
element), 4. — i-th element of the time of retardation
in relation to i- compliance. Finally, the course of the
non-linear strain of the Schapery model in the creep
test is the following:

for load time
ycr (t) = g0J06+

n ,Ali
+O-g1g22‘]i 1_6( ac] * Virre (t)
i=1

for relief time )
e [
Ve (t):O'gZZJi l-e -

i=1
t-ta
n 11 -
g, Z‘]I 1- e[ & ) t Virrec (ta)
i=1
where: t, — beginning of relief time, t — duration of the
creep test cycle with relief.

3.2. Determining the parameters of the model

Parameters of the non-linear Schapery model,
i.e. material g, g,, g,and a_, determined based on
the analysis of the return stage, which reflects the
pure course of the elastic recovery. It should be
remembered that the low-stress test, i.e. in the LVE
range, should be performed as first to determine non-
linear parameters. Therefore, to determine the Prony
series parameters in the LVE range, a stress of 100
Pa was applied, taking into account the change in
strain in the third load cycle. Total elastic strain in the
relief phase A¢, for the first cycle in the LVE range
determines the relationship:

Ayrel (l) =V (t) —Ver (t) = gOJoo-l

ta

0, glgzzn:‘]i 1_6[7 aﬁ] _gzzn:Ji 1_6[&i]
i=1 i=1 (5)

+g, Zn:.]i :|.—e{iil';:aj

i=1
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W zwiazku z tym posta¢ catkowita funkcji pelzania
(1) zamieniajgc calke jako sume elementdw Prony se-
ries jest nastgpujaca:

J(vt)=1, +§Ji [1—44”} 3)

gdzie: J, — i-ta podatno$¢ reprezentujaca i-ty element
serii Prony’ego (element Kelvina-Voigta), 4, — i-ty
czas retardacji wzgledem i-tej podatno$ci. Ostatecz-
nie przebieg odksztalcenia nieliniowego modelu
Schapery’ego w probie petzania z powrotem jest na-
stepujacy:
dla czasu obcigzenia
7cr ([) :gOJOG+

+ O'glgzzn:Ji 1—6[7451

i=1

+7/irrec (t)

“)

dla czasu odciazenia

7re(f)=0'g2i,]i l—e[_%i] _
i1

agziji 1- e[ -‘;""]

i=1

+7irrec (ta)

gdzie: t, — poczatek czasu odcigzenia, t — czas trwania
cyklu proby petzania z odcigzeniem.

3.2. Wyznaczenie parametrow modelu

Parametry nieliniowego modelu Schapery’ego, czyli
materialowe g, g,, §, oraz a_, wyznaczono w oparciu o
analize etapu powrotu, ktéra odzwierciedla czysty prze-
bieg nawrotu sprezystego. Nalezy pamietac, ze do wy-
znaczenia parametréw nieliniowych trzeba wykonac,
jako pierwsze, badanie w zakresie matych naprezen,
czyli w zakresie LVE. W zwiazku z tym do wyznacze-
niu parametrow Prony series w zakresie LVE zasto-
sowano napre¢zenie 100 Pa, biorac pod uwage zmiane
odksztalcenia w trzecim cyklu obcigzenia. Catkowite
odksztatcenie sprezyste w fazie odcigzenia Ae  dla
1 cyklu w zakresie LVE okresla zaleznosc:

Ayrel (t) = ycr (t) - 7/cr (t) = gOJOGl

+0, glgziJi 1—6[%%] —gziJi 1—e[ﬁéj
i=1 i=1 6)

+g, i-fi 1—e[%t;a]
=
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Using the relationship (5), the parameters of
the Prony series in the GK-E model such as J, J.
and A, (n=1,2,3,.,n) were determined. Basing
on this information, a second 3200 Pa load cycle
was performed to determine non-linear parameters
g,(3200 Pa), g, (3200 Pa), and g_(3200 Pa) in relation
to the course of strain in the third load cycle. Then
the strain course was recorded for the third load
cycle at a constant stress of 6400 Pa. The value
of non-linear parameters was also determined for
this stress. Increasing the number of stress levels
allows for their functional binding and allows for
a later forecast of the strain course for any level
of shear stress. The entire load process is shown
schematically below i Figure 1:

Wykorzystujac zalezno$¢ (5) zostaly wyznaczone
parametry szeregu Prony w modelu GK-E takie jak
Jy J ooraz A, (n =1, 2,3, .., n). W oparciu o tg in-
formacje¢ wykonano drugi cykl obcigzenia dla napre-
zenia 3200 Pa w celu wyznaczenia parametréw nie-
liniowe;j lepkosprezystosci: g, (3200 Pa), g,(3200 Pa)
oraz g_(3200 Pa) wzgledem przebiegu odksztatcenia
w trzecim cyklu obcigzenia. Nastepnie zarejestrowano
przebieg odksztatcenia dla trzeciego cyklu obcigzenia
przy stalym naprezeniu 6400 Pa. Dla tego napr¢zenia
wyznaczono rowniez warto$¢ nieliniowych parame-
trow. Zwigkszenie liczby poziomdéw napr¢zenia po-
zwala na funkcyjne ich zwigzanie i umozliwia p6zniej-
sza prognoze przebiegu odksztalcenia dla dowolnego
poziomu napr¢zenia §cinajgcego. Caty proces obcigze-
nia przedstawiono schematycznie na rysunku 2:

Fig. 2. Creep test with relief for two load cycles

Rys. 2. Schemat proby pelzania z odcigzeniem dla dwoch cyklow obcigzenia

In order to determine all non-linear parameters,
elastic recovery phase should be divided into two
parts [12, 18]. Parameters g, and a_can be determined
in the phase A¢ ,,= € _,(t,) — ¢,(t) while g,, g, in
the phase Ae,, = ¢,(t) — ¢.(1). Including the
stress history for subsequent load cycles leads to
increasingly complicated equation (5). Therefore,
the entire analysis was performed using the author’s
macroscript entered into the Mathcad program. The
work presents a similar process [12].

4. RESULTS

Using the MSCR methodology in a slightly modified
form, the course of stress versus time was obtained
for three stress levels. The purpose of this procedure
was to find non-linear parameters of the Schapery
model. Thanks to this it is possible to determine the
creep process in the axial system for any stress in the

Aby wyznaczy¢ wszystkie parametry nieliniowe
nalezy fazg nawrotu sprezystego podzieli¢ na dwie
czesci [12, 18]. Parametry g, oraz 8 mozna wyzna-
czy¢ w fazie Ae,,= ¢ ,(t,) — ¢,,(t) natomiast g, g,,
w fazie Ae,, = ¢,,(t) — &,,(1). Uwzglednienie historii
naprezenia dla kolejnych cykli obcigzenia powoduje
ze robwnanie (5) ma coraz to bardziej skomplikowa-
ng posta¢. Dlatego tez calg analiz¢ wykonano przy
pomocy autorskiego makroskryptu wprowadzonego
w programie Mathcad. Podobny proces postepowania
mozna odnalez¢ w pracy [12].

4. REZULTATY

Wykorzystujac metodyke MSCR w postaci nie-
co zmodyfikowanej uzyskano przebieg naprezenia
wzgledem czasu dla trzech pozioméw naprezenia.
Celem takiego postgpowania byto znalezienie para-
metrow nieliniowych modelu Schapery’ego. Dzig-
ki temu mozliwe jest okreslenie procesu petzania w
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a)

b)

Fig. 3. Results of the model result matching to the experimental results for the composition: a) OHL/FB2 for two load
cycles (100 Pa and 3200 Pa); b) 0.15HL/FB2 for two load cycles (100 Pa and 3200 Pa)

Rys. 3. Rezultaty dopasowania wynikow modelu do rezultatow eksperymentalnych dla kompozycji: a) OHL/FB2 dla dwoch
cykli obcigzenia (100 Pa oraz 3200 Pa); b) 0,15HL/FB2 dla dwoch cykli obcigzenia (100 Pa oraz 3200 Pa)

0 <1 <6400 Parange. The 50/70 base asphalt was not
tested at a stress of 6400 Pa due to its highly adhesive
character preventing correct measurement of strain
at a given rheometer measuring system. Therefore,
the experimental results of the 50/70 asphalt strain
were projected in relation to the model results of
subsequent mastic compositions. The figure shows
the results for the third load cycle (Figure 3).

Results of the model result matching to the
experimental results for the case OHL/FB2 and
0.15HL/FB2 determined on the basis of the formulas
(4) and (5) are shown in Table 3.

uktadzie osiowym dla dowolnego napr¢zenia w prze-
dziale 0 < t < 6400 Pa. Asfalt bazowy 50/70 nie zostat
poddany badaniu przy naprezeniu 6400 Pa z uwagi
na jego wysoce lepki charakter uniemozliwiajacy po-
prawny pomiar odksztalcenia w uktadzie pomiarowym
reometru ptytka-plytka 25 mm. Dlatego tez wyniki
eksperymentalne odksztalcenia asfaltu 50/70 byly rzu-
towane wzgledem rezultatow modelowych poézniej-
szych kompozycji mastyksu. Na rysunku 3 przedsta-
wiono rezultaty dla trzeciego cyklu obcigzenia.

Rezultaty dopasowania wynikow modelowych do
eksperymentalnych dla przypadkéw OHL/FB2 oraz
0,15HL/FB2, okreslonych na podstawie wzorow (4)
oraz (5), przedstawiono w tabeli 3.

Table 3. Parameters of the linear and non-linear viscoelasticity model

Tabela 3. Parametry modelu liniowej i nieliniowej lepkosprezystosci

Parameters for the linear viscoelasticity (LVE) range for the creep function consistent with the GK-H model for four Prony series elements

Compliance Retardation time
J,(independent of time) J(independent of time) A
[Pa] [Pa] [s]
OHL/FB2 0.15HL/FB2 OHL/FB2 0.15HL/FB2 OHL/FB2 0.15HL/FB2
J,=8.72610° J,=19-10° A=110" A=110°
o5’ iZamer0 e R
J,=4.767-10° J,=1.096:10° \,=18.693 A,=10.069
Parameters for the linear viscoelasticity (N-LVE) range for the creep function consistent with the GK-H model for four Prony series elements
7=100Pa T=3200 Pa T= 6400 Pa
OHL/FB2 0.15HL/FB2 OHL/FB2 0.15HL/FB2 OHL/FB2 0.15HL/FB2
9 1 1 1.000 0.997 0.997 0.997
g, 1 1 0.777 0.761 0.798 0.702
g, 1 1 1.374 1.135 3.214 2132
a, 1 1 0.403 0.350 0.574 0.31
9.9, 1 1 1.068 0.863 1.472 1.497
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It should be noted that the use of hydrated lime
(0.15HL/FB2) causes that the mastic made with
it obtained lower compliance J, than the mastic
without hydrated lime (OHL/FB2). This indicates
that hydrated lime beneficially contributed to the
increase of momentary elasticity in the mastic.
Observing the results of individual compliance
values of the Prony series, it can be noticed that
despite the faster reaching of successive retardation
times by the mastics with hydrated lime, it still
maintains high stiffness. Thus, providing a low level
of strain. When analysing the results of the mastic’s
sensitivity to the stress level in terms of non-linear
parameters, it should be noted that the parameter
g, remains at a constant level regardless of the
level of stress. Which indicates that the immediate
compliance did not change as a result of increased
stress. The parameter g, is responsible for the non-
linearity of the time-dependent compliance. The
higher the value of the parameter g,, the greater the
probability of fast exceeding the flowing regime
(the boundary between the second and third creep
stage) and yielding of the sample. In addition, the
increase in the g, parameter in OHL/FB2 suggests
an increase in mastic compliance (decrease in
stiffness). Unfortunately, at this stage of the analysis,
the yielding strength and its parameters have not
been determined. Nevertheless, works are ongoing
to determine the o-¢ relationship that also takes into
account the state at with the mastic yielding. With
regard to the experiment performed, this value was
reduced after the addition of hydrated lime (0.15HL/
FB2). Nonetheless, the value of the parameter g,
that was dependent on the rate of stress growth, has
dropped. The product g, g, determines the vertical
shift of the strain plot over time in relation to the
LVE range. In this case, the presence of hydrated
lime reduces the compliance quicker (high level g,
g,) than when the mastic was made of lime filler.
In addition, the parameter a_ accounts for the
horizontal shift of the plot &(t) in the N-LVE range
in relation to the LVE range. Comparing the results
of the coefficient a_for both mastic compositions,
it should be stated that the addition of hydrated
lime reduces the time when the material’s response
is purely elastic. Thereby, the creep process will
be faster than in the case of compositions without
hydrated lime. Nevertheless, the low level of non-
linearity g, and the low compliance of each element
of the Prony series makes the mastic with hydrated
lime still maintain high stiffness despite the slightly

Nalezy zwrdci¢ uwagg, ze zastosowanie wapna hy-
dratyzowanego (0,15HL/FB2) powoduje, ze wykonany
z jego udzialem mastyks uzyskat nizszg podatnos¢ J,
niz mastyks bez wapna hydratyzowanego (OHL/FB2).
Swiadczy to o tym, ze wapno hydratyzowane korzyst-
nie przyczynito si¢ do wzrostu sprezystosci chwilowej
w mastyksie. Obserwujac wyniki poszczegolnych war-
tosci podatnos$ci szeregu Prony’ego mozna zauwazy¢,
ze pomimo szybszego tempa osiggania przez mastyks
z wapnem hydratyzowanym kolejnych czaséw retar-
dacji wcigz utrzymuje wysoka sztywno$¢. Zapewnia-
jac tym samym niski poziom deformacji. Analizujac
wyniki wrazliwo$ci mastyksu na poziom napr¢zenia
w ujeciu nieliniowych parametréw, nalezy zwrocié
uwagg, ze parametr g, pozostaje na niezmiennym po-
ziomie bez wzgledu na poziom napr¢zenia. Co $wiad-
czy, ze podatno$¢ natychmiastowa nie ulegta zmianie
na wskutek wzrostu naprgzenia. Parametr ¢, jest od-
powiedzialny za nieliniowo$¢ czgsci podatnosci zalez-
nej od czasu. Im wigksza wartos¢ parametru g, tym
wicksze prawdopodobienstwo szybkiego osiggnigcia
przekroczenia stanu ustalonego plynigcia (granica po-
migdzy 11 1 III etapem pelzania) i uplastycznienia prob-
ki. Ponadto wzrost parametru g, w OHL/FB2 sugeruje
wzrost podatnosci (spadek sztywnosci mastyksu). Nie-
stety na tym etapie analizy nie ustalono warto$ci grani-
cy plastycznosci oraz jej parametrow. Niemniej jednak
wcigz trwajg prace nad ustaleniem relacji o-¢ uwzgled-
niajacej roéwniez stan uplastycznienia mastyksu.
W odniesieniu do wykonanego eksperymentu wartos¢
ta ulegla korzystnemu zmniejszeniu po dodaniu wap-
na hydratyzowanego (0,15HL/FB2). Spadkowi ulegta
takze warto$¢ parametru g, ktory jest zalezny od tem-
pa wzrostu napr¢zenia i reguluje wartos¢ szybkosci
procesu relaksacji. Iloczyn g, g, stanowi o pionowym
przesuni¢ciu wykresu odksztatlcenia w czasie wzgle-
dem zakresu LVE w fazie pelzania. W tym przypad-
ku obecnos¢ wapna hydratyzowanego powoduje, ze
podatno$¢ bedzie ulegala szybszej redukcji (wysoki
poziom @, g,) niz w sytuacji, gdy mastyks zostat wy-
konany z wypeliacza wapiennego. Ponadto parametr
a_jest odpowiedzialny za poziome przesunigcie prze-
biegu wykresu &(t) w zakresie N-LVE w odniesieniu do
zakresu LVE. Poréwnujac wyniki wspotczynnika a_dla
obydwu kompozycji mastyksu, nalezy stwierdzi¢, ze
dodatek wapna hydratyzowanego powoduje skrocenie
czasu, gdzie odpowiedz materiatu ma charakter czysto
sprezysty. Tym samym proces pelzania bgdzie postepo-
wat szybciej niz w przypadku kompozycji bez wapna
hydratyzowanego. Niemniej jednak niski poziom nie-
liniowosci g, oraz niska podatnos¢ kazdego z elemen-

31



structure

NON-LINEAR MASTIC CHARACTERISTICS BASED ON THE MODIFIED MSCR (MULTIPLE STRESS CREEP RECOVERY) TEST

faster rate of the creep process. The lower rate of
elastic recovery of 0.15HL/FB2 compared to OHL/
FB2 was compensated with a lower decrease in
mastic stiffness in the creeping phase (expressed
by lower value of g,). It should be emphasized that
the total elastic recovery is not possible to evaluate
within 9 seconds.

To compare the results of the creep process of
both mastic compositions, a numerical algorithm
developed on the basis of the equation (1) using all
the experimentally determined non-linear parameters
of the Schapery model, was applied. Taking into
account the basic recursive-iterative algorithm of
Haj-Ali and Mulian [19] and the sub-integral creep
function of the GK-H model, the strain increment
value was determined on the basis of the formula:

i=1

Ao+ {ie(_m"’) —1} 7' (t—At)

i=1

Ay(t)= {gOJO + 88 Z‘]i |:Ai_ll//|:e(_mw) —1} +1}} o

where: A — stress increment, At — time increment,
yi(t — At) — strain caused by i-th element of the
Prony series in time (t —At). Simulation of material
responses was performed for the stress history in
sequence. The results of the numerical analysis are
presented in the Figure.

tow szeregu Prony’ego sprawia, ze mastyks z wapnem
hydratyzowanym bedzie wcigz zachowywat wysoka
sztywno$¢, pomimo nieznacznie szybszego tempa pro-
cesu petzania. Nizsza szybko$¢ nawrotu sprezystego
mastyksu 0,15HL/FB2 w poréwnaniu do OHL/FB2
byta kompensowana z nizszym spadkiem sztywnosci
w fazie pelzania. Nalezy podkresli¢, ze catkowity na-
wroét sprezysty nie jest mozliwy w czasie 9 s.

Aby porownaé rezultaty procesu petzania obu
kompozycji mastyksu, zastosowano algorytm nu-
meryczny, opracowany na podstawie rownania (1),
wykorzystujacy wszystkie eksperymentalnie ustalo-
ne parametry modelu nieliniowej lepkosprezystosci
Schapery’ego. Uwzgledniajac podstawowy rekur-
sywno-iteracyjny algorytm Haj-Ali oraz Muliana
[19] oraz uwzgledniajac podcatkowa funkcje pel-
zania modelu GK-H, warto$¢ przyrostu deformacji
okreslono na podstawie formuty:

Ay(t)= {gOJO + 8.9, Zn:Ji [Al_‘/’[e(—w) = +1}}

i=1 i

Ao+ {ie(‘“‘”) —1} 7 (t—At)

i=1

©)

gdzie: A — przyrost napr¢zenia, At — przyrost czasu,
y'(t — At) — odksztalcenie wywolane i-tym elementem
szeregu Prony’ego w czasie (t — At). Symulacje odpo-
wiedzi materiatdw wykonano dla historii napr¢zenia
w sekwencji. Rezultaty analizy numerycznej przed-
stawiono na rysunku 4.

Fig. 4. Numerical analysis of the course &(t)) depending on the stress cycle

Rysunek 4. Analiza numeryczna przebiegu ¢(t) w zaleznosci od cyklu naprezenia

When analysing the test results in Figure 4, it
should be noted that the 50/70 asphalt indicates no
elastic recovery in the relief cycle at a temperature
of 60°C for 100 Pa and 3200 Pa. This means that the
asphalt behaves similar to the Newtonian fluid. In
the case of the 0.15HL/FB2 mastic, a clearly lower
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Analizujac wyniki badan na rysunku 4 ,nalezy zwro-
ci¢ uwagg, ze asfalt 50/70 w temperaturze 60°C dla
napr¢zenia 100 Pa oraz 3200 Pa wskazuje na brak
nawrotu sprezystego w cyklu odcigzenia. Oznacza
to, ze asfalt zachowuje si¢ podobnie do cieczy newto-
nowskiej. W przypadku mastyksu 0,15HL/FB2 wida¢
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structure

compliance in each of the load cycles in relation to
the OHL/FB2 composition can be seen. Therefore, it
should be stated that the presence of hydrated lime
has an effect on minimizing the mastic strain process.
In addition, the largest elastic recovery in the mastic
with hydrated lime was observed. This is extremely
important from the point of view of the hydrated
lime implementation in the asphalts, because the
increase in strain in asphalt by 1% increases strain
in the binder by up to 46% [20].

5. CONCLUSIONS
The following conclusions were made based on the

performed tests and analyses:

« description of the mastic, using a non-linear
viscoelasticity model, characterizes, in a
comprehensive  manner, the behaviour of
the material, functionally binding load time,
temperature and stress,

» the mastic containing hydrated lime obtained
the lowest instantaneous compliance J;. This is
reflected in the high stiffness of the mastic with
hydrated lime,

* in the mastic with hydrated lime, the value of the
parameter g, that is responsible for the non-linearity
of the compliance part, which is time dependent,
was the lowest. As a result, the mastic with hydrated
lime will probably reach the third creep stage in the
higher stress range than the mastic with lime filler,

» the highest value of the product g, g, (proportional
strain increment) was noted for the mastic with
limestone filler. Nevertheless, the stiffness of the
mastic with hydrated lime, from the fact of the low
value of parameter g,, is higher than the mastic
with the addition of limestone (mineral) filler,

* The highest elastic recovery, based on the numerical
analysis, was recorded for the composition of the
mastic with hydrated lime,

» the use of hydrated lime in the mastic has a
significant effect on reducing strain over time.

REFERENCES

wyraznie nizsza podatnos¢ w kazdym z cykli obcigze-
nia w stosunku do kompozycji OHL/FB2. W zwigzku
z tym nalezy stwierdzi¢, ze obecnos¢ wapna hydra-
tyzowanego korzystnie wplywa na minimalizacj¢
procesu deformacji mastyksu. Ponadto zaobserwo-
wano najwigkszy nawr6t sprezysty w mastyksie
z wapnem hydratyzowanym. Ma to ogromne znacze-
nie z punktu widzenia implementacji wapna hydraty-
zowanego do mieszanek mineralno-asfaltowych, gdyz
wzrost odksztatlcenia w mma o 1% powoduje wzrost
odksztalcenia w lepiszczu nawet o 46% [20].

5. WNIOSKI
Na podstawie wykonanych badan i analiz sformu-

lowano nastepujgce wnioski:

* opis mastyksu za pomoca modelu nieliniowej lep-
kosprezystosci w sposéb kompleksowy charakte-
ryzuje zachowanie materiatlu, wigzac funkcyjnie
czas obcigzenia, temperature oraz naprezenie,

* mastyks zawierajacy wapno hydratyzowane uzy-
skal najnizszg podatno$¢ chwilowa J. Ma to od-
zwierciedlenie w duzej sztywnosci mastyksu
z wapnem hydratyzowanym,

* w mastyksie z wapnem hydratyzowanym warto$¢
parametru g, odpowiedzialnego za nieliniowos¢
czesci podatnoscei, ktora jest zalezna od czasu, byta
najnizsza. W rezultacie mastyks z wapnem hydra-
tyzowanym prawdopodobnie osiagnie III etap pel-
zania w zakresie wigkszych naprezen niz mastyks
z wypelniaczem wapiennym,

* najwyzszg wartos¢ iloczyny g, g, (proporcjonalny
przyrost deformacji) odnotowano dla mastyksu
z maczka wapienng. Pomimo tego sztywnos$¢ ma-
styksu z wapnem hydratyzowanym jest wyzsza
z faktu niskiej wartosci parametru g, niz z dodat-
kiem wypetniacza mineralnego,

* na podstawie analizy numerycznej najwyzszy ko-
rzystny nawrot sprezysty zostal zarejestrowany dla
kompozycji mastyksu z wapnem hydratyzowanym,

» zastosowanie wapna hydratyzowanego w mastyk-
sie ma istotny wplyw na ograniczenie deformacji
W czasie.

[17 ,,Katalog typowych konstrukcji nawierzchni podatnych i potsztywnych”. 2014.

[2] Obara P. i Gilewski W., ,,Dynamic stability of moderately thick beams and frames with the use of harmonic balance
and perturbation methods”, Bulletin of the Polish Academy of Sciences Technical Sciences, t. 64, nr 4, 2016.

[3] Kim Y. R., Red., Modeling of asphalt concrete. Reston, VA : New York: ASCE Press; McGraw-Hill, 2009.

[4] Mazurek G. i Iwanski M., ,,Relaxation Modulus of SMA with Polymer Modified and Highly Polymer Modified Bi-

tumen”, Procedia Engineering, t. 172, s. 731-738, 2017.

33



Str uct ure NON-LINEAR MASTIC CHARACTERISTICS BASED ON THE MODIFIED MSCR (MULTIPLE STRESS CREEP RECOVERY) TEST

[5] Klabinska M. i Pitat J., Reologia asfaltow i mas mineralno-asfaltowych. WKL, 1982.

[6] Bonaquist R.F., Refining the simple performance tester for use in routine practice. Washington, D.C: Transportation
Research Board, 2008.

[7] Chailleux E., Ramond G., Such C., i de La Roche C., ,,A mathematical-based master-curve construction method
applied to complex modulus of bituminous materials”, Road Materials and Pavement Design, t. 7, nr supl, s. 75-92,
2006.

[8] Schapery R. A., ,,On the characterization of nonlinear viscoelastic materials”, Polymer Engineering and Science, t.
9, nr 4, s. 295-310, 1969.

[9] Zhang Y., Luo R., i Lytton R. L., ,,Characterization of viscoplastic yielding of asphalt concrete”, Construction and
Building Materials, t. 47, s. 671-679, 2013.

[10] Brinson H. F. i Brinson L. C., Polymer engineering science and viscoelasticity: an introduction. New York: Springer,
2008.

[11] Shirodkar P., Mehta Y., Nolan A., Dahm K., Dusseau R., i McCarthy L., ,,Characterization of creep and recovery
curve of polymer modified binder”, Construction and Building Materials, t. 34, s. 504-511, 2012.

[12] Huang C.W., Abu Al-Rub R. K, Masad E. A., Little D. N., i Airey G. D., ,,Numerical implementation and validation
of a nonlinear viscoelastic and viscoplastic model for asphalt mixes”, International Journal of Pavement Engineer-
ing, t. 12, nr 4, s. 433-447, 2011.

[13] Grabowski W., Struktura a wiasciwosci funkcjonalne wypetniaczy mineralnych stosowanych w drogownictwie.
Poznan: Wydawnictwo Politechniki Poznanskiej, 2007.

[14] Lesueur D., Petit J., i Ritter H.J., ,,The mechanisms of hydrated lime modification of asphalt mixtures: a state-of-the-
art review”, Road Materials and Pavement Design, t. 14, nr 1, s. 1-16, 2013.

[15] Grabowski W. 1 Wilanowicz J., ,,The structure of mineral fillers and their stiffening properties in filler-bitumen mas-
tics”, Materials and Structures, t. 41, nr 4, s. 793-804, 2008.

[16] Schapery R. A., A Theory of Non-linear Thermoviscoelasticity Based on Irreversible Thermodynamics. American
Society of Mechanical Engineers, 1966.

[17] Schapery R. A., ,,An engineering theory of nonlinear viscoelasticity with applications”, International Journal of
Solids and Structures, t. 2, nr 3, s. 407-425, 1966.

[18] J. Lai i A. Bakker, ,,An integral constitutive equation for nonlinear plasto-viscoelastic behavior of high-density poly-
ethylene”, Polymer Engineering and Science, t. 35, nr 17, s. 1339-1347, 1995.

[19] Haj-Ali R. M. i Muliana A. H., ,,Numerical finite element formulation of the Schapery non-linear viscoelastic mate-
rial model”, International Journal for Numerical Methods in Engineering, t. 59, nr 1, s. 25-45, 2004.

[20] Kose S., Guler M., Bahia H., i Masad E., ,,Distribution of Strains Within Hot-Mix Asphalt Binders: Applying Im-
aging and Finite-Element Techniques”, Transportation Research Record: Journal of the Transportation Research
Board, t. 1728, s. 21-27, 2000.

Acknowledgments: Podziekowania:

The work was financed by Kielce University of Technology, — Praca byla finansowana przez Politechnike Swietokrzyskg,
part of the statutory work No. 02.0.09.00/2.01.01.01.0000  w ramach pracy statutowej nr: 02.0.09.00/2.01.01.01.0000
MNSP.BKIK.18.002 MNSP.BKIK.18.002

34



Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence available on the site: http://creativecommons.org/licenses/by/3.0/pl ®
Tredci z tej pracy moga by¢ wykorzystywane zgodnie z warunkami licencji dostepnej na stronie: http://creativecommons.org/licenses/by/3.0/pl

EDYTA BANACHOWSKA Manuscript submitted 2018.06.07 — revised 2018.08.15,
Kielce University of Technology initially accepted for publication 2079.10.01, published in March 2019

e-mail: ebanachowska@tu.kielce.pl

SECOND LIFE OF THE 19" AND 20™ CENTURY BUILDINGS
ON THE EXAMPLE OF THE REVITALIZATION OF ARCHITECTURE
BUILDINGS ART GALLERIES CULTURE CENTRES

DRUGIE ZYCIE BUDYNKOW XIX i XX WIEKU NA PRZYKLADZIE
REWITALIZACJI OBIEKTOW ARCHITEKTONICZNYCH
GALERIE SZTUKI CENTRA KULTURY

DOI: 10.30540/sae-2019-003

Abstract

In 1992, the idea of adapting the power plant building located in the industrial district of London in the contemporary art
gallery Tate Modern, was brought into effect. Implementation, immediately after the opening in 1997, attracted millions of
visitors and over more than 20 years of cultural activity it has become one of the most popular galleries of modern art in
the world. Thus the worldwide trend of arranging art and culture centres in the revitalized buildings has started. A great
example of this idea is the CaixaForum in Madrid and a number of Polish projects. In each major city in our country an
old neglected building which represents cultural values has been revitalized. The derelict boiler-house in Olsztyn was
converted into the Technology Education Center and the building of an orphanage and a nursery was transformed into
the gallery of contemporary art BWA in Kielce. Labor-intensive and costly actions contributed to saving not only aban-
doned and vandalized buildings, but also influenced the preservation of historic city centers, protection and preservation
of frontages and precious landscape values. Public awareness in the field of cultural heritage has definitely increased and
the measures aimed at giving a second life to historic, derelict buildings are met with growing interest and enthusiasm.

Keywords: restoration, revitalization, preservation, alteration, art gallery, cultural center, art centre, cultural heritage,
cultural value.

Streszczenie

W 1992 roku narodzit si¢ pomyst adaptacji budynku elektrowni, polozonej w przemystowej dzielnicy Londynu, na galerie
sztuki wspolczesnej Tate Modern. Realizacja, zaraz po otwarciu (1997), przyciggneta miliony zwiedzajgcych i w ciggu
ponad 20 lat dzialalnosci stata sie jedng z najpopularniejszych galerii sztuki wspolczesnej na swiecie. Tym samym zapo-
czqtkowano $wiatowy trend urzqdzania centréw sztuki i kultury w zrewitalizowanych budynkach. Swietnym przykladem
kontynuacji tej mysli jest CaixaForum w Madrycie czy liczne realizacje polskie. W kazdym wigkszym miescie naszego
kraju udato si¢ dokona¢ rewitalizacji zaniedbanego starego budynku przedstawiajqcego wartos¢ kulturowq: przebudowa
zrujnowanej kotlowni w Olsztynie na Centrum Edukacji Technologicznej, rewitalizacja budynku ochronki i przedszkola
na galerig sztuki wspolczesnej BWA w Kielcach. Pracochionne i kosztowne dziatania przyczynily si¢ do uratowania nie
tylko opuszczonych i zdewastowanych budynkow, ale wplynely na zachowanie zabytkowych centrow miast, ochrone pie-
rzei czy zachowanie cennych walorow krajobrazowych. Wzrosla swiadomos¢ spoleczenstwa w dziedzinie ochrony wia-
snego dziedzictwa kulturowego — dzialania zmierzajqce do nadania drugiego zycia zabytkowym, zrujnowanym budynkom
sq przyjmowane z rosngcym zainteresowaniem i entuzjazmem.

Stowa kluczowe: rewaloryzacja, rewitalizacja, ochrona, odnowa, galeria sztuki, centrum kultury, centrum sztuki, dzie-
dzictwo kulturowe, wartos$¢ kulturowa..
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1. INTRODUCTION

Art has been present in peoples’ lives since the
dawn of history. It develops with the progress of
civilization and surrounds us in the forms of music,
poetry, theater, painting, sculpture, architecture,
photography. ‘Man’s aware design is always a work
of art and only if it represents reality, either shape
forms or expresses experience, and yet it is capable
of either to delight, or move, or jar.” [1]

We like to enjoy art, we go to concerts to concert
halls, watch films at the cinema, performances
in the theatre, paintings, sculptures, we admire
photography in galleries. The 20" century ushered
people’s awareness of the necessity of protecting our
cultural heritage. In the last century, starting with the
places considered as cultural centers of the world
like Paris, New York, London, ending with smaller
towns like Kielce, museums and art galleries have
been built. Many of them are located in neglected,
derelict historic buildings, which are of the finest
cultural value. However, their expensive, thorough
renovations were possible only thanks to EU funds,
after the accession of Poland to the European Union
in 2004. The benefits of these actions are invaluable:
local communities gain valuable cultural centres and
buildings are restored to their former glory and gain
a second life. All over the world the trend to restore
old buildings has lasted for several decades and has
became fashionable. Not only aesthetic values of such
places, but also commercial ones have been noticed -
old factories, power plants, abandoned hospitals are
usually located in valuable areas of the centers of big
cities.

Almost always the modernization of the building
involves changing its initial function, re-building
and introducing modern ventilation systems, air
conditioning or lighting. Old buildings have immense
cultural value and they are national heritage. They
can successfully serve new functions.

Selected examples of renovation of the buildings by
bestowing features of art and culture upon them, are
discussed below.

2. ART GALLERIES IN THE BUILDINGS FROM THE 19TH
AND 20TH CENTURY
2.1. Tate Modern - Modern and Contemporary
Art Gallery, Bankside, London
Investor: phase | ,Tate Trustees, London, UK,
Project: Herzog & de Meuron, phase I 1995-1997,
phase 11 2001, phase 111 2005,
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1. WPROWADZENIE

Sztuka towarzyszy czlowiekowi od zarania dzie-
jow. Rozwija si¢ wraz z postepem cywilizacji, otacza
nas w przerodznej postaci: muzyki, poezji, teatru, ma-
larstwa, rzezby, architektury, fotografiki. ,,.Swiadomy
wytwor cztowieka jest dzietem sztuki zawsze i tylko
wtedy, gdy odtwarza rzeczywisto$¢, badz ksztaltuje
formy, badz wyraza przezycie, a zarazem jest zdolny
badz zachwycac, badz wzruszac, badz wstrzasac.” [1]

Lubimy sig¢ sztukg delektowaé, chodzimy na koncer-
ty do filharmonii, ogladamy filmy w kinie, przedsta-
wienia w teatrze, obrazy, rzezby, fotografike podziwia-
my w galeriach. XX wiek zapoczatkowal $wiadomos¢
koniecznosci dziatan zmierzajacych do ochrony dzie-
dzictwa kulturowego. W minionym wieku, zaczynajac
od o$rodkow uwazanych za centra kultury na $wiecie
jak Paryz, Nowy Jork, Londyn, na mniejszych miej-
scowosciach, jak Kielce, konczac, powstalty muzea
i galerie sztuki. Wiele z nich lokowanych jest w za-
niedbanych, zdewastowanych, zabytkowych budyn-
kach, ktore same w sobie stanowia najwyzszg wartos¢
kulturowa, a ich kosztowne, gruntowne renowacje
staty si¢ mozliwe dopiero dzieki funduszom unijnym,
po przystapieniu Polski do Unii Europejskiej w 2004
roku. Korzysci sa nieocenione: lokalne spoteczno-
sci zyskuja wartosciowe centra kulturalne a budynki
przywracane sa do dawnej $wietnosci i zyskuja drugie
zycie. Na $wiecie trend rewaloryzacji starych budyn-
kow trwa juz kilkadziesiat lat i stal si¢ modny. Za-
uwazono nie tylko walory estetyczne owych miejsc,
ale takze zalety komercyjne — stare fabryki, elek-
trownie, opuszczone szpitale, zazwyczaj znajdujg si¢
w centrach duzych miast na warto$ciowych terenach.

Niemal zawsze modernizacja wigze si¢ ze zmiang
pierwotnej funkcji, przebudowa oraz wprowadze-
niem wspotczesnych systemow wentylacyjnych,
klimatyzacyjnych, o$wietleniowych. Stare budynki
maja niezmierzong wartos$¢ kulturowa i stanowia spu-
$cizn¢ narodowsq. Z powodzeniem mogg petni¢ nowe
funkcje uzytkowe.

Nizej omowiono wybrane przyktady realizacji od-
nowy obiektow poprzez nadanie im funkcji kultury
1 sztuki.

2. GALERIE SZTUKI W BUDYNKACH XIX I XX WIEKU
2.1. Galeria Sztuki Wspétczesnej i Nowoczesnej
Tate Modern, Bankside, Londyn

Inwestor: etap | Tate Trustees, London, UK,

Projekt: Herzog & de Meuron, etap [ 1995-1997, etap
11 2001, etap 111 2005
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structure

Implementation: phase | — 1998-2000, phase Il —
2001-2002, 2005, phase I1I — alteration.

One of the first and most successful conversions
of uninhabited buildings was the revitalization
of the old Bankside Power Station, located on the
south bank of the River Thames in London, into a
gallery of modern and contemporary art called Tate
Modern. (Fig. 1-3).

The construction of distinctive power station in
London was completed in two phases in 1947 and
1963, and the building was designed by Sir Giles
Gilbert Scott — known all over the world as the main
designer of famous red British telephone booths. He
also designed Cathedral in Liverpool. The structure
was divided into three independent symmetrical
parts serving different functions. And so huge main
turbines were placed in the central part of the building
(which is now called The Turbine Hall (Fig. 2)), not
less famous southern part of the building, famous for
the ‘mysterious hum’, is a transformer station open
to these days. In 1980s a part of the plant was closed.
The building in an industrial part of London would be
another forgotten and derelict property, if not for the
idea of converting a former Bankside Power Station
into an independent modern and contemporary art
gallery of in London.

In December 1992 the Tate Trustees announced
their intention to create an international art gallery.
The designers chose the building of the former power
station, located in an industrial area, along the River
Thames. An architectural competition was announced.
The Swiss architects Herzog&de Meuron won it.
The proposed solution, based on the recycling of the
existing building materials, was highly appreciated
by the jury.

As part of the revitalization, the building was rebuilt
preserving the original division into three segments —
the floor was overbuilt, the glazing and observation
decks were installed, the inner steel structure was
replaced. Creating an alteration project, the architect
was inspired by the play of light in the building.
That is how the idea of a skylight and glazing was
born. ‘We can play with the idea of light hovering
above a heavy brick structure of the former power
plant. The light poures into the gallery through the
glass on the superstructure of the museum and at
night the direction of artificial lighting is changed
so that it magically lights up the sky of London. The
idea of light beam proved to be a key element of the
development of other parts of the complex as a part
of the overall architectural and urban concept of Tate

Realizacja: etap I — 1998-2000, etap 1l — 2001-2002,
2005, etap Il - rozbudowa.

Jedng z pierwszych i1 najstynniejszych adaptacji
obiektow opuszczonych, stata si¢ rewitalizacja starej
elektrowni Bankside Power Station zlokalizowane;j
na potudniowym brzegu Tamizy w Londynie, na ga-
leri¢ sztuki nowoczesnej 1 wspotczesnej Tate Modern
(il. 1-3).

Charakterystyczng w stolicy Wielkiej Bryta-
nii elektrowni¢, wybudowang w dwoch etapach w
roku 1947 i 1963, zaprojektowal Sir Giles Gilbert
Scott — znany na calym §wiecie jako autor projek-
tu symbolicznych angielskich czerwonych budek
telefonicznych. Architekt, projektant m.in. katedry
w Liverpoolu. Funkcjonalnie obiekt podzielono na
trzy symetryczne czg$ci o odmiennych funkcjach.
I tak w sali §rodkowej umieszczono ogromne tur-
biny (stawna obecnie Hala Turbin (il. 2)), czesé
potudniowa to nie mniej stynna z ,tajemniczego
buczenia” czynna do dzi§ transformatornia. W la-
tach osiemdziesigtych XX wieku czgs$¢ elektrowni
zamkni¢to. Budynek w przemystowej czesci Lon-
dynu statby si¢ kolejnym zapomnianym i niszczeja-
cym obicktem gdyby nie pomyst utworzenia w sta-
rej elektrowni Bankside samodzielnej galerii mig-
dzynarodowej sztuki nowoczesnej i wspotczesnej
w Londynie.

W grudniu 1992 Tate Trustees oglosity zamiar utwo-
rzenia mi¢dzynarodowej galerii sztuki. Wybdr padt
na budynek dawnej elektrowni, potozony w dzielnicy
przemystowej, ale nad samg Tamizg. Ogloszono kon-
kurs architektoniczny, ktéry wygrato szwajcarskie
biuro architektoniczne Herzog&de Meuron. Zapro-
ponowane rozwigzania oparte na recyklingu zastanej
tkanki zostaly wysoko ocenione przez jury konkursu.

W ramach rewitalizacji budynek przebudowa-
no zachowujgc pierwotny podziat na trzy segmenty
— nadbudowano kondygnacje, wprowadzono prze-
szklenia, tarasy widokowe, wymieniono cze$¢ we-
wnetrznej konstrukeji stalowej. Podczas tworzenia
projektu przebudowy inspirowano si¢ mozliwoscia
gry $wiatel w obiekcie. Tak powstat pomyst wpro-
wadzenia $wietlika i przeszklen. ,,Mozemy bawic si¢
pomystem $wiatta unoszacego si¢ nad ci¢zka struk-
tura cegly dawnej elektrowni . Swiatto wlewa sie do
galerii poprzez szkto na nadbudowie muzeum, a w
nocy kierunek oswietlenia sztucznego jest odwrd-
cony i magicznie $§wieci w niebo Londynu. Pomyst
wigzki §wiatla okazat si¢ kluczowym elementem dla
rozwoju innych czes$ci kompleksu w ramach ogoélnej
koncepcji architektonicznej i miejskiej galerii sztuki
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Modern’ [2]. The last floor offers a magnificent view
of St. Paul’s Cathedral, north London and the Thames.

The designers managed to convert an industrial
building into a place which seems to be designed
to serve as an art gallery from the very beginning.
‘Overall, one gets the impression that the exhibitions
were always there, as well as the brick facades, the
chimney or turbine hall. This impression is of course
deceptive — the interior of the building had been
re-designed, but the new and the old construction
elements had been combined and match one another
in such a manner that they are indistinguishable’ [2].

Exhibition rooms were given the opportunity of
different space allocation depending on the needs.
‘Spatial diversity is considerable, almost all the rooms
are of different size and proportion. Furthermore, the
walls may be added or removed at specific places, so
that the dimensions can be adapted to the needs of
different installations’ [2].

During the design work the function of the
chimney of the building was considered thoroughly.
After analyses, the architects came to the surprising
conclusion that neither of technical reasons nor of
functional ones, it was not necessary to build such a
construction. However, it was bricked up mainly of
sightseeing and aesthetic reasons — the chimney was
supposed to be the landmark on the map of London as
well as its aim was to establish the dialogue with the
dome of St Paul’s, located on the opposite bank of the
Thames. ‘The vertical symmetry of the chimney is a
direct response to the symmetry of the central dome
of the Cathedral.’ [2]

Today, several years since Tate Modern was
opened, it seems that Tate Modern has always been an
art gallery. Abnormally high interiors create unique
climate and the opportunity to display large spatial
installations attracts the exhibitors and crowds of
visitors. A successful revitalization of a crumbling
building into the gallery of modern art made it possible
for the world architecture to do similar projects. A new
wing of the building is built, resembling a pyramid of
bare bricks. (Fig. 3)

The part of southern bank of the Thames, the
Borough Southwark, traditionally industrialized was
given socio-economic and cultural promotion due to
reclaiming the area while revitalizing the building.
The second life was given to the whole district that is
now considered a new public space.
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Tate Modern.” [2] Z ostatniego pigtra rozcigga si¢
wspaniaty widok na katedr¢ $w. Pawla, pdinocny
Londyn i1 Tamize.

Projektantom udato si¢ stworzy¢ z obiektu prze-
mystowego miejsce, ktére wydaje si¢ by¢ zaprojek-
towane od poczatku pod galerig. ,,Ogolnie odnosi si¢
wrazenie, ze wystawy byly tam zawsze, podobnie jak
ceglane elewacje, komin lub hala turbin. To wraze-
nie jest oczywiscie zwodnicze — we wngetrzu budyn-
ku wszystko zostatlo ponownie zaprojektowane, ale
nowe i stare elementy budowlane zostaty powigzane
1 dopasowane do siebie w taki sposdb, ze sa nie do
odroznienia” [2].

Pomieszczenia ekspozycyjne uzyskaty mozliwos¢
roznego podzialu przestrzeni, w zaleznos$ci od po-
trzeb. ,,R6Zznorodno$¢ przestrzenna jest znaczna,
prawie wszystkie sale sg rézne w wielkos$ci 1 pro-
porcji. Ponadto $ciany moga by¢ dodane lub usu-
nigte w okreslonych miejscach, dzigki czemu wy-
miary mogg by¢ dostosowane do potrzeb roéznych
instalacji” [2].

W trakcie prac projektowych zastanawiano si¢ nad
funkcjg komina budynku. Po analizach architekci do-
szli do zaskakujacego wniosku, ze ani z powodoéw
technicznych, ani funkcjonalnych nie byla potrzebna
az taka konstrukcja, ale zostata zaprojektowana ze
wzgledéw widokowo-estetycznych — komin miat sta-
nowi¢ punkt orientacyjny na mapie Londynu a takze
nawigzywac dialog z kopulg kosciota §w. Pawtla poto-
zonego na przeciwlegtym brzegu Tamizy. ,,Pionowa
symetria komina jest bezposrednig odpowiedzig na
symetri¢ centralnej koputy katedry” [2].

Dzisiaj, po kilku latach dzialalnosci, wydaje sie,
ze Tate Modern byto galerig zawsze. Niespotykanie
wysokie wnetrza tworza unikatowy klimat, mozli-
wo$¢ pokazywania duzych, przestrzennych insta-
lacji przycigga wystawcoéw i ttumy zwiedzajacych.
Udana rewitalizacja popadajgcego w ruing budynku
na galeri¢ sztuki nowoczesnej otworzyta drzwi ar-
chitektury $wiatowej dla tego typu realizacji. Wybu-
dowane jest nowe skrzydlto, bryta przypominajace
piramid¢ z nieotynkowanych cegiet (il. 3).

Fragment potudniowego brzegu Tamizy, South-
wark, tradycyjnie uprzemystowiony obszar, dzigki
zagospodarowaniu terenu przy okazji rekultywacji
budynku, dostat gospodarczo-spoteczny i kulturalny
awans. Drugie zycie otrzymatla cala dzielnica, stano-
wigca nowg przestrzen publiczng.
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Fig. 1. Tate Modern — London. The condition of the building after the alteration. View from the River Thames and a new
footbridge across the river connecting Tate Modern with the northern part of London (Photo by Shaun Jones, source:

the Internet)
1l 1. Tate Modern — Londyn. Stan po przebudowie. Widok od strony Tamizy i kladka nad Tamizq lgczgca Tate Modern

z potnocnym Londynem (fot. Shaun Jones, zrodlo: internet)

Fig. 2. Tate Modern — London. The Turbine Hall after the alteration (Photo by Adrian Pingstone, source: the Internet)
1I. 2. Tate Modern — Londyn. Hala Turbin. Stan po przebudowie (fot. Adrian Pingstone, zrodlo: internet)
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Fig. 3. Tate Modern — London. The visualization of the new south wing of the building currently under construction
(Visualisation by Herzgog & de Meuron, source: the Internet)

11.3. Tate Modern — Londyn. Wizualizacja bedgcego w trakcie budowy nowego skrzydta od strony poludniowej galerii

(wizualizacja Herzgog & de Meuron, Zrodio: internet)

2.2. The Centre For Arts and Culture - CaixaForum,
Paseo Del Prado, Madrid

Investor: Obra Social Fundacion ‘LaCaixa’, Madrid,
Spain; Caixa d’Estalvis and Pensions de Barcelona,
Barcelona, Spain

Project: Herzog & de Meuron, 2001-2003
Implementation: 2003-2008

The Centre for Arts and Culture CaixaForum in
Madrid is a successful example of postindustrial
architecture restoration, combining the old walls
with contemporary avant-garde. The building is
located in the historic center, southeast, a few
minutes walk from Puerta del Sol, among houses and
narrow streets. The CaixaForum-Madrid stands on
an advantageous site facing the Paseo del Prado and
the Botanical Garden vis a vis. This new address for
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2.2. Centrum Kultury i Sztuki CaixaForum,
Paseo Del Prado, Madryt

Inwestor: Obra Social Fundacion “LaCaixa*, Ma-
drid, Spain; Caixa d’Estalvis i Pensions de Barcelona,
Barcelona, Spain

Projekt: Herzog & de Meuron, 2001-2003
Realizacja: 2003-2008

Udanym przyktadem rewaloryzacji poprzemysto-
wej architektury, taczacej stare mury ze wspotczesna
awangardg, jest Centrum Sztuki i Kultury CaixaFo-
rumw Madrycie. Obiekt zlokalizowano w historycz-
nym centrum miasta, kilka minut na potudniowy
wschod od Puerta del Sol, wsrod kamienic 1 waskich
uliczek, vis a vis Real Jardin Botanico, w obszarze
zajetym dotychczas przez nieatrakcyjne struktury
miejskie: elektrowni¢ z przetomu XIX/XX wieku
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the arts is located in an area occupied until now by
unspectacular urban structures: the Central Eléctrica
Power Station build at the turn of the 19" and 20™
century and a gas station (Fig. 4). The brick walls
of the former power station are reminiscences of the
early industrial age in Madrid, while the gas station,
a purely functional structure, was clearly out of place
(Fig. 5). The demolition of the gas station created a
small plaza between the Paseo del Prado and the new
CaixaForum in the converted power station.

‘The building of a power plant was designed in 1899
by an architect Jests Carrasco-Munoz Encina and an
engineer Jos¢é Maria Hernandez. After the closure of
the power plant, the building was not restored for
many years and it fell into ruin. The access to the
building from Paseo del Prado street was impeded by
the nearby petrol station. The principle of the building
construction was based on the projects of railway
stations. The design consisting of two parallel aisles
of rectangular shape, surrounded by brick walls, was
set on a stone foundation. The cladding was provided
by two pitched roofs with standard steel structure. Its
area was 1934 m2. The building was simple in form
and almost devoid of detail on the facade, except for
a few corner pilasters and decorative elements of the
windows — typical for industrial buildings built in
Madrid at the end of the nineteenth century.’ [3]

TheideaofCaixaForumwasto create an extraordinary
place attracting not only the art-lovers but all people of
Madrid and from outside. The attraction will not only
be CaixaForum’s cultural programme, but also the
building itself. The neglected postindustrial building
was detached the ground and a free space on the ground
floor attracting passers-by was created. That is how
the idea of levitating building was established. The
construction was cut off the foundation and situated on
three huge pillars, invisible from the outside. Non of
the external walls touches the ground.

‘The building is lifted off the ground, in apparent
defiance of the laws of gravity, to literally draw visitors
inside. The only material of the old power station that
we could use was the classified brick shell. In order to
conceive and insert the new architectural components
of the CaixaForum Project, we began with a surgical
operation, separating and removing the base and
useless tissue — dividing the structure from the ground.
This opened a completely novel and spectacular
perspective that simultaneously solved a number of
problems posed by the site. The removal of the base of
the building left a covered plaza under the brick shell,
which now appears to float above the street level” [2].

i stacje benzynowa. Ceglane mury dawnej elektrowni
$3 wspomnieniami wczesnego przemystowego okre-
su Madrytu (il. 4). Stacja benzynowa byla wyraznie
nie na miejscu (il. 5). Jej rozbidrka stworzyta maty
plac miedzy Paseo del Prado i budynkiem powstalym
na bazie elektrowni.

»Budynek elektrowni zaprojektowali w 1899 roku
architekt Jesus Carrasco-Munoz Encina i inzynier José
Maria Hernandez. Po zamknigciu elektrowni, nie re-
staurowany przez wiele lat, popadt w ruing. Dostegp
do obiektu od ulicy Paseo del Prado utrudniata zloka-
lizowana na dzialce obok stacja benzynowa. Zasada
konstrukcji budynku zostata oparta na projektach halo-
wych stacji kolejowych. Konstrukcja ztozona z dwoch
rownolegtych naw o prostokatnym ksztalcie, obudo-
wanych ceglanymi §cianami, zostala posadowiona na
kamiennych fundamentach. Przekrycie stanowity dwa
dachy dwuspadowe o standardowej stalowej konstruk-
cji. Jego powierzchnia wynosita 1934 m2. Budynek byt
prosty w formie i prawie pozbawiony detalu na fasa-
dzie, poza kilkoma naroznymi pilastrami i elementami
dekoracyjnymi przy oknach — typowymi dla budyn-
kéw przemystowych powstajacych w Madrycie pod
koniec XIX wieku” [3].

Idea CaixaForum oparta zostala na stworzeniu
niezwyklego miejsca, zachgcajacego do odwiedzin
mieszkancéw i turystéw nie tylko programem kul-
turalnym, ale takze samym budynkiem. Zaniedbany
poprzemystowy budynek postanowiono poderwac
z ziemi i stworzy¢ wolng przestrzen w poziomie par-
teru wciagajaca przechodniow. Tak powstato zatoze-
nie lewitujacego nad ziemig obiektu. Istniejacg kon-
strukcje odcieto od fundamentdéw 1 wsparto na trzech
poteznych, niewidocznych z zewnatrz stopach. Zad-
na ze $cian zewngtrznych nie dotyka podtoza.

,Obiekt jest odciety od ziemi w pozornym nie-
postuszenstwie prawu cigzenia i dostownie zasysa
przechodniow do $rodka. Jedynym materiatem starej
elektrowni, ktory moglismy zachowa¢, byta ceglana
powtoka. Aby projektowaé i wstawia¢ nowe archi-
tektoniczne komponenty CaixaForum, zaczeliSmy od
zabiegu chirurgicznego — odseparowania i usuni¢cia
zbednej tkanki - oddzielenia podstawy od podioza.
Zabieg ten stworzyl nowe spektakularne perspekty-
wy, jednoczesnie rozwigzujac szereg problemow na
budowie. Usunig¢cie podstawy budynku utworzylo
nadwieszenie, dzigki ktéremu budynek wydaje si¢
ptywa¢ nad poziomem ulicy” [2].

Przestrzen, ktérg utworzylo nadwieszenie, ofe-
ruje chtoéd i cien w gorgcym Madrycie. Jest takze
gtownym wejsciem do wnetrza. Ten prosty archi-
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This sheltered space under the CaixaForum offers its
shade to visitors and at the same time it is the entrance
to the Forum itself. This architectonically easy but
complicated from the engineering side solution solved
the problem of situating the main entrance. ‘Problems
such as the narrowness of the surrounding streets, the
placement of the main entrance and the architectural
identity of this contemporary art institution could be
addressed and solved in a single sculptural gesture.
The separation of the structure from the ground level
created two worlds; one below and the other above
the ground’ [2].

The alteration enabled creating a multi-storey
structure situated partly below and above the ground.
The underground part, located as well below the plaza,
provides space for a theater/auditorium, service rooms
and several parking spaces. The structure above ground
houses a gallery, a restaurant and administrative offices.

The designers managed to transform the crumbling
monument into an architectural gem on a global scale
and an uninteresting built-up area with industrial
facilities has become an important point on the map of
Madrid. For a distinctive and unique element we may
consider a vertical garden covering unsightly facade of
the building situated by the square, creating a vestibule
into an adjacent botanical garden (Fig. 6). The highlight
of the plaza surrounded by narrow adjoining streets
added air and spaciousness to this place.

With the respect for the Spanish cultural heritage,
architects treated well the seemingly unattractive
building of former power station, surrounded by
historical buildings downtown Madrid. Brick walls
had been carefully restored using traditional methods.
The combination of a historic building with a very
modern and bold reconstruction is considered very
successful (Fig. 7-8). The two-storey superstructure
had been incorporated above the existing walls,
creating a sculptural form reflecting the look of
the surrounding buildings. The walls forming a
superstructure were covered with openwork sheet
containing noble rust. Most of the holes in the existing
brick walls were bricked up and the new ones seem
to be integrated into the structure accidentally. The
interiors does not refer to the existing structured tissue,
however, we can talk about a controlled chaos. The
staircases are extremely interesting, one — white, as
if sculpted in plaster, the other — completely ‘covered
with’ sheet, designed in the style of deconstruction.

The building, which is of a unique cultural value,
got a new life as a gallery and art centre, and the
surrounding area became a cultural vestibule.
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tektonicznie, ale trudny inzyniersko zabieg pozwolit
rozwigza¢ ktopot, jakim bylo usytuowanie wejscia
gtownego. ,,Takie problemy, jak waskos¢ okolicz-
nych ulic, odpowiednie ustawienie wejscia gtow-
nego, architektoniczna tozsamos¢ instytucji sztuki
wspoélczesnej sa rozwigzane jednym rzezbiarskim
gestem. Oddzielenie struktury od ziemi stworzyto
dwa $wiaty: jeden pod powierzchnig i drugi na po-
wierzchni ziemi.”[2]

Po przebudowie stworzono wielopoziomowy obiekt
usytuowany w czesci podziemnej i nadziemnej.

Czes$¢ podziemna, ulokowana takze pod placem,
zawiera scen¢/widowni¢, pokoje stuzbowe, miejsca
parkingowe. Cze$¢ nadziemna to galeria, restauracja,
biura.

Projektantom udato si¢ stworzy¢ z popadajacego
w ruine zabytku peretke architektoniczng na $wia-
towa skalg, a nieciekawa przestrzen zabudowana
obiektami przemystowymi stala si¢ waznym punk-
tem na mapie Madrytu. Za charakterystyczny i nie-
powtarzalny element uznaje si¢ ogrdd pionowy osta-
niajacy nieefektowng elewacje¢ sasiadujgcego z pla-
cem budynku, stwarzajac przedsionek do przyleglego
ogrodu botanicznego (il. 6). Wyeksponowanie placu
w otoczeniu ciasnych przylegajacych uliczek dodato
przestrzeni powietrza i przestronnos$ci.

Architekcei z szacunkiem dla hiszpanskiej spusci-
zny kulturowej potraktowali z pozoru nieatrakcyj-
ny budynek po starej elektrowni, potozony w oto-
czeniu zabudowy historycznej centrum Madrytu.
Ceglane $ciany zostaly pieczotowicie odremonto-
wane metoda tradycyjng. Za udany zabieg nalezy
uzna¢ polgczenie zabytkowego budynku z niezwy-
kle nowoczesng i odwazng propozycja przebudowy
(il. 7-8). Nad istniejagce mury wkomponowane zo-
staty dwie kondygnacje, tworzac rzezbiarska nadbu-
dowe, majaca odzwierciedla¢ wyglad okolicznych
budynkéw. Sciany tworzace nadbudowe oblozono
azurowg blachg pokryta szlachetng rdzg. Wigkszo$¢
otworéw w istniejacych ceglanych murach zamu-
rowano, a nowe wydajg si¢ by¢ wkomponowane
przypadkowo. Wnetrza obiektu nie nawigzujg do za-
stanej uporzadkowanej tkanki, mozna méwi¢ o kon-
trolowanym chaosie. Niezwykle ciekawe sa klatki
schodowe, jedna biata, jak wyrzezbiona w gipsie,
druga calkowicie ,,obita” blacha, zaprojektowana
w stylistyce dekonstruktywizmu.

Budynek, stanowigcy niepowtarzalng warto$¢ kul-
turowa, dostal nowe zycie jako galeria i centrum
sztuki, za§ otaczajgca go przestrzen zamienita si¢
w przedsionek kulturalny.
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Fig. 4. CaixaForum — Madrid. Power plant building before
the restoration works (Photo by Herzog & de Meuron,
source: the Internet)

1l. 4. CaixaForum — Madryt. Budynek elektrowni przed
rozpoczeciem prac budowlanych (fot. Herzog & de
Meuron, zrodio: internet)

Fig. 5. CaixaForum — Madrid. The condition of the
building before the alteration — bird’s eye view from over
Real Jardin Botanico. View of the petrol station (Photo
byHerzog & de Meuron, source: the Internet)

1. 5. CaixaForum — Madryt. Stan przed przebudowq —
widok z lotu ptaka znad Real Jardin Botanico. Widoczne
zabudowania stacji benzynowej (fot. Herzog & de Meuron,
zrodio: internet)

Fig. 6. CaixaForum - Madrid. Building after the
restoration, view from the square and vertical garden from
Paseo del Prado (Photo by Duccio Malagamba, source:
the Internet)

1. 6. CaixaForum — Madryt. Stan po rewaloryzacji, widok
na plac i pionowy ogréd od strony Paseo del Prado (fot.
Duccio Malagamba, zrédio: internet)
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Fig. 7. CaixaForum — Madrid. View of the building overhang from the inside (Photo by Duccio Malagamba, source: the
Internet)

1l 7. CaixaForum — Madryt. Widok z wnetrza na nadwieszenie (fot. Duccio Malagamba, zrodio: internet)

Fig. 8. CaixaForum — Madrid. View of the building overhang from the outside. (Photo by. Duccio Malagamba, source —
the Internet)

1l 8. CaixaForum — Madryt. Widok na nadwieszenie z zewngtrz. (Fot. Duccio Malagamba, zrodlo internet)
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2.3. The Technology Education Centre ‘The Old - Boiler-
House’ at the University of Warmia and Mazury
in Olsztyn, Prawocheiskiego Street 9

Investor: The Uniwersity of Warmia and Mazury,
Oczapowskiego Street 2, Olsztyn

Project: Dzus Architects , civil law partnership,
Olsztyn, 2009-2010 (architect: Grzegorz Dzus)

Implementation: 2011-2013

‘Characteristic details of the building:

The building length 34,65 m

The building width 40,00 m

The building height 13,20 m

Usable floor area 2373,1 m?

Developed terrain area 4013,2 m?

Building area 1098 m?

Pedestrian and driving zone, car parks and cobbled
slopes area 2878,1 m?

Green area 37,1 m*’ [4]

The historic building of the former boiler house built
in the 1880s was successfully brought back to life at
the premises of University of Warmia and Mazury in
Olsztyn. Originally, the building served as a boiler-
house, built in the years 1884-1889 for the needs of
the Provincial Psychiatric Hospital in Olsztyn. In the
1970s and 1980s the property was modernized and
rebuilt. Its technical condition was bad, the walls
were dank. The body of the building consists of: a
dominant body so called ‘old boiler-house’, boiler-
house called ‘a new one’ with a chimney and an
outbuilding, where we could find the engine room,
electrical substation and workshops (Fig. 9).

Buildings, excluding the so-called ‘new boiler-
house’, retained their bodies from the early twentieth
century. The best preserved building was an old
boiler-house with a chimney. Other structures being
the part of Olsztyn premises already had visible
signs of adaptation to the needs of that time. The
majority of them were plastered and window and
door openings were struck in them. The only original
window frame, from the nineteenth century, was
preserved in the lower part of the building called ‘new
boiler-house’. ‘In connection with the reconstruction
of Prawochenskiego Street in the 1970s, the area
facing the south side of the building had been lifted
and floor level had been raised by about 0.5 m. This
action preserved the historical terrain in the form of
a trough with a paved slopes surface (now covered
with secondary stratifications). The structure is in
poor technical condition, caused not only by a strong
moisture, but also by the lack of care and rough-and-

2.3. Centrum Edukacji Technologicznej ,,Stara Kottownia”
Uniwersytetu Warmiiisko-Mazurskiego w Olsztynie,
ul. Prawocheiskiego 9

Inwestor: Uniwersytet Warminsko-Mazurski,
ul. Oczapowskiego 2, Olsztyn

Projekt: Dzus Architekci s.c., Olsztyn, 2009-2010
(architekt: Grzegorz Dzus)

Realizacja: 2011-2013

,»Charakterystyczne dane obiektu :

Dhugosc¢ obiektu 34,65 m

Szeroko$¢ obiektu 40,00 m

Wysoko$¢ obiektu 13,20 m

Pow. uzytkowa obiektu 2373,1 m?

Pow. opracowywanego terenu 4013,2 m?

Pow. zabudowy obiektu 1098 m?

Pow. ciagdéw pieszo-jezdnych i parkingéw oraz bru-
kowanych skarp 2878,1 m?

Pow. terenow zielonych 37,1 m?, [4]

Zabytkowy budynek bylej kottowni z lat 80. XIX
wieku udato si¢ w 2013 roku przywrdci¢ do zycia
na terenie Uniwersytetu Warminsko-Mazurskiego
w Olsztynie. Pierwotnie miescita si¢ tutaj kottownia,
zrealizowana w latach 1884-1889 na potrzeby Pro-
wincjonalnego Zaktadu Psychiatrycznego w Olszty-
nie. W latach 70. i 80. ubieglego wieku obiekt byt
modernizowany i przebudowywany. Jego stan tech-
niczny byl zly, mial zawilgocone $ciany. Na bryte
budynku sktadajg sie: bryta dominujaca tzw. stara ko-
tlownia, kottownia, tzw. nowa z kominem, oraz przy-
budéwki, w ktérych byly: maszynownia, podstacja
elektryczna i warsztaty (il. 9).

Budynki, za wyjatkiem tzw. nowej kottowni, za-
chowaty swoje bryty z poczatku XX wieku. Najlepiej
zachowanym obiektem byt budynek starej kottowni
wraz z kominem. Pozostate obiekty stanowiace ze-
spot w Olsztynie mialy juz widoczne $lady adapta-
cji do 6wczesnych potrzeb. W wigkszosci zostaly
otynkowane, wybito w nich nowe otwory drzwiowe
i okienne. Jedyna oryginalna stolarka okienna z XIX-
wiecznego zatozenia zachowata si¢ w dolnej partii
budynku, zwanego nowa kotlownia. ,,W zwigzku
ze zrealizowang w latach 70-tych przebudowa ulicy
Prawochenskiego podniesiono od strony potudniowe;j
teren w bezposrednim sgsiedztwie budynku i podnie-
siono o okoto 0,5 m poziom posadzki. Zachowalo sig
historyczne uksztaltowanie terenu w postaci niecki
z brukowang nawierzchnig stokow (obecnie przykry-
ta wtérnymi nawarstwieniami). Obiekt jest w ztym
stanie technicznym, spowodowanym nie tylko silnym
zawilgoceniem, ale rowniez brakiem dbato$ci, prowi-
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ready repairs and rebuilds in recent years, which
did not take into account the historical value of the
property. Nowadays, it serves as a thermal centre with
bound workshops and social and office spaces’ [4].

Duringthe design works the priority was the maximal
preservation of historic character of the building.
The old and the new boiler houses were supposed
to maintain clear span premises without introducing
additional divisions, which resulted in keeping the
historic character of the interior and highlighting the
historic truss. The proposed functional layout was
adapted to the existing window and door openings.
To highlight the current superstructure of the new
boiler-house, the cover of the part of the facade lining
in anthracite had been introduced. A glass roof was
designed above the exhibition part of the building,
which is now called the ‘old boiler-house’. The
highlights above the engine room also received the
modern form. Distinctive brick facade was restored
retaining the woodwork divisions. Like in the Tate
Modern, the part of the building still serves its
original utilitarian function — in TEC there is a heat
exchanger which supplies the entire University. In
order to maximize the exhibition space, the technical
room was moved to the newly designed basement,
which required foundations boosting. Due to the high
groundwater level concrete bubs were installed. It
was decided to leave the characteristic elements of
the original equipment in the form of, among others,
La Mont boilers and so called coal hoppers (Fig. 10).
Quite dark and oppressive interiors were opened up
by the introduction of glass (glass balustrades, glass
roof) and the use of soft colors.

Currently, the Technology Education Center has
become a jewel of the University of Warmia and
Mazury. Over a hundred year old devastated building
has helped to improve the infrastructure of the
University thanks to the revitalization (Fig. 11). The
rooms are going to serve as exhibition halls as well
as classrooms and seminar rooms. The building is
going to be used by staff of the Centre for Innovation
Technology Transfer, students of economics and the
place is going to held formal meetings of the university
senate. TEC is a Polish example of extremely
successful alteration of a neglected building into
a lively place called the Centre.
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zorycznymi naprawami i przebudowaniami z ostat-
nich lat, ktére nie uwzglednialy historycznej wartosci
obiektu. Peini on obecnie funkcje wezta cieplnego
oraz zwigzanych z nim warsztatow i pomieszczen so-
cjalno-biurowych" [4].

Podczas prac projektowych priorytetem stato si¢
maksymalne zachowanie zabytkowego -charakte-
ru budynku. W starej i nowej kotlowni zalozono
utrzymanie jednoprzestrzennych pomieszczen bez
wprowadzania dodatkowych podziatow, dzigki cze-
mu udato si¢ zachowac¢ zabytkowy charakter wngtrz
oraz wyeksponowac zabytkowa wiezbe. Projektowa-
ny uktad funkcjonalny dostosowano do istniejacych
otworow okiennych i drzwiowych. Aby uczytelni¢
aktualng nadbudowe nowej kottowni, wprowadzono
pokrycie fragmentu elewacji oktadzing w kolorze an-
tracytowym. Nad czg$cig wystawienniczg, tzw. starg
kottownig, zaprojektowano szklany dach. Wspodicze-
sng forme¢ otrzymaty tez naswietla nad maszynownig.
Charakterystyczna ceglana elewacja zostala odre-
staurowana, zachowano podziaty stolarki. Podobnie
jak w Tate Modern, i w tym obiekcie czgs¢ budyn-
ku do tej pory pelni pierwotng funkcje uzytkowsg —
w CET znajduje si¢ wymiennikownia zasilajgca caty
uniwersytet. Aby przestrzen wystawiennicza byla jak
najwigksza, pomieszczenie techniczne przeniesiono
do nowo projektowanych piwnic, co wymagato pod-
bicia fundamentow i ze wzgledu na wysoki poziom
waod gruntowych wykonania zelbetowej wanny. Zde-
cydowano si¢ pozostawi¢ we wnetrzach istniejace,
charakterystyczne elementy pierwotnego wyposaze-
nia w postaci m.in. kottéw La Monta i tzw. zasypow
weglowych (il. 10). Do$¢ ciemne i przyttaczajace
wnetrza zostaty otwarte dzicki wprowadzeniu szkta
(szklane balustrady, szklany dach) i zastosowaniu
stonowanej kolorystyki.

Obecnie Centrum Edukacji Technologicznej sta-
o si¢ peretka Uniwersytetu Warminsko-Mazurskie-
go. Zdewastowany ponad stuletni budynek dzigki
rewitalizacji poprawit infrastruktur¢ uniwersytetu
(il. 11) Oprocz funkcji wystawienniczych przewidu-
je si¢ wykorzystanie pomieszczen jako sal wykta-
dowych, dydaktycznych, seminaryjnych. Z budyn-
ku korzysta¢ maja pracownicy Centrum Innowacji
Transferu Technologii, studenci nauk ekonomicz-
nych, a takze planuje si¢ organizowanie uroczystych
posiedzen senatu uczelni. CET to polski przyktad
niezwykle udanej odnowy zaniedbanego budynku
w pelne zycia Centrum.
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Fig. 9. TEC in Olsztyn. View from the outside, after the alteration. 2013 (Photo by Przemystaw Skrzydlo/Gazeta Agency,

source: the Internet)
11 9. CET w Olsztynie. Widok z zewngtrz, stan po przebudowie. 2013 (fot. Przemystaw Skrzydlo/Agencja Gazeta, zrodto:

internet)

Fig. 10. TEC in Olsztyn. View of the restored La Mont boilers. 2013 (Photo by Tomasz Waszczuk/PAP, source: the Internet)
1l 10. CET w Olsztynie. Widok na odrestaurowane kotly La Mont a. 2013 (fot. Tomasz Waszczuk/PAP, zrédlo: internet)
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2.4. Contemporary Art Gallery BWA in Kielce,
Kapitulna Street, 2

Investor: The City of Kielce, Rynek 1, Kielce

Project: ebe STUDIO, Architectural Studio in Kielce,
2011-2012 (architect Edyta Banachowska)

Implementation: 2012-2013

In the centre of Kielce, on the view corridor: the
main pedestrian zone of the city — the historic Castle
Hill, there was a crumbling building. Vandalized
walls, dropping plaster, graffiti on the walls, distracted
tourists from one of the greatest monuments of the
city — the baroque Palace of Cracow Bishops.

‘The object was built at the turn of the 19" and
20" century representing the architecture refering
to residential character. Stanistaw Szpakowski, the
guberniyal engineer-architect in Kielce region since
1901, is believed to be the author of the project. He
was the author of several buildings in Kielce, featured
in the city landscape and existing until now: Saint
Nicolaus Orthodox Church — current Holy Mary the
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Fig. 11. TEC in Olsztyn. View from the outside, after the
alteration. 2013 (Photo by Tomasz Waszczuk/PAP, source:
the Internet)

1. 11. CET w Olsztynie. Widok z zewngtrz, stan po
przebudowie. 2013 (fot. Tomasz Waszczuk/PAP, zrodio:
internet)

2.4. Galeria Sztuki Wspétczesnej BWA w Kielcach,
ul. Kapitulna 2

Inwestor: Gmina Kielce, Rynek 1, Kielce

Projekt: ebe STUDIO Pracownia Architektoniczna
Kielce, 2011-2012 (architekt Edyta Banachowska)

Realizacja: 2012-2013

W samym centrum Kielc, na osi widokowej: glow-
ny deptak miasta — zabytkowe Wzgorza Zamkowe,
znajdowal si¢ zrujnowany budynek. Zdewastowane
mury, odpadajacy tynk, grafitti na $cianach, zaburza-
ty widok na najwigkszy zabytek miasta — barokowy
Patac Biskupow Krakowskich.

,Budynek powstat na przetomie XIX i XX wieku,
prezentujac historyzujacg architektur¢ o charakterze
willowym. Autorstwo projektu przypisywane jest
Stanistawowi Szpakowskiemu, od 1901 roku bedace-
mu inzynierem-architektem gubernialnym na kielec-
czyznie. Stworzyt kilka obiektow w Kielcach, wpi-
sanych w krajobraz miasta i istniejacych do dzisiaj:
cerkiew $wigtego Mikolaja — obecnie ko$ciot garni-
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Queen of Poland Garrison Church, Synagogue, Holy
Cross Church, a palace by Stowackiego Street 16 (his
own residence), the hose for retired priests.’[5]

At the beginning, the building served as an
orphanage — an Orthodox shelter. Times of war
and post-war years awe of disgraceful history of
Kapitulna Street 2 — at first there was a Nazi torture
cell, then the registered office of SB authorities.
Many years had to pass by for the children to get
back to the building — for decades it served a nursery,
extremely poplar due to its location in the heart of
the city. (Fig. 12-13)

The matter of its future allocation caused several-
year-long discussion among the residents. There
were many ideas how to make use of it. One of the
solutions envisaged total demolition of the building
in order to unveil the view of the palace, another idea
provided only a partial demolition and construction of
the palace of solemn events. After numerous protests
among the residents of Kielce who supported the idea
to preserve the building, it was decided to renovate
the building thoroughly and adapt it to the needs of
the contemporary art gallery BWA.

The technical and mycological expertise prove very
poor condition of the building. In spots exposed to
the influence of moisture, the damage to the walls,
brick cavities, plaster coming off and mould on the
basement walls and ceiling could be noticed. The
external walls were considerably dank due to lack of
vertical insulation of the foundation walls (however,
there was horizontal insulation, found on the ground
floor level, up to 2 cm thick). The moisture was also
a result of capillary action caused by the improper
drainage of rainwater from the roof — water poured
right next to the external walls from leaky gutters,
causing splashes, the percolation of rainwater into the
foundation walls and a capillary action at 2.5 m above
ground level.

Walls were largely considered dank. A few spots
showed the signs of brick damage (it sprinkled when
touched with a hand). At the construction stage, after
hacking off the plaster, construction workers found
out that mould was a serious problem for a long
time. They also discovered that the structural walls
of 12 cm had been added to regular ones in order to
cover the mould. In such way the nursery school had
fought with the mould using different types of wall
coverings. Unfortunately, both methods proved to be
ineffective.

The restoration of the property extracted its hidden
beauty. The soft, pastel colors made the building

zonowy Najswietszej Marii Panny Krolowej Polski,
synagoge, kosciol Swictego Krzyza, patacyk przy uli-
cy Stowackiego 16 (wlasna rezydencja), dom ksiezy
emerytow.” [5]

Poczatkowo w budynku dziatala ochronka — przy-
tutek prawostawny. Czasy wojny i lata powojenne
to niechlubna historia Kapitulnej 2 — najpierw byta
tam katownia hitlerowska, potem siedziba wiadz UB.
Wiele lat mingto, zeby do budynku wrécity dzieci
— przez kilkadziesiat lat w budynku dziatato przed-
szkole, bardzo popularne ze wzgledu na potozenie
W samym centrum miasta (il. 12-13).

Jego docelowe przeznaczenie wywotato kilku-
letnig dyskusj¢ w$rdéd mieszkancoéw. Pomystow
na wykorzystanie obiektu byto wiele. Jeden z nich
zaktadatl catkowitg rozbidrke i odstonigcie widoku
na patac, inny rozbidrke czesciowg i wybudowanie
na bazie kondygnacji piwnicznej patacu sluboéw. Po
licznych protestach kielczan o zachowanie obiek-
tu, zdecydowano si¢ budynek gruntownie odnowic
1 adaptowac na potrzeby galerii sztuki wspotczesne;j
BWA.

Przeprowadzone ekspertyzy stanu technicznego
oraz mykologiczna wykazaly bardzo zty stan budyn-
ku. W miejscach narazonych na dziatanie wilgoci
widoczne byly uszkodzenia muru, ubytki cegly, od-
spojenia tynku, zagrzybienie §cian i sklepien piwnic.
Stwierdzono znaczne zawilgocenie §cian zewngtrz-
nych spowodowane brakiem izolacji pionowej $cian
fundamentowych (stwierdzono natomiast izolacj¢
poziomg wystepujaca na poziomie podlogi parteru,
o grubosci dochodzacej do 2 cm) oraz podcigganiem
kapilarnym na skutek nieprawidtowego odprowadze-
nia wod opadowych z dachu — z nieszczelnych rynien
woda wylewala si¢ tuz obok $cian zewnetrznych,
powodujac rozbryzgi, wsigkanie wod opadowych w
sciany fundamentowe oraz podciaganie kapilarne na
wysokos$ci 2,5 m powyzej poziomu terenu.

Mury w znacznej cze$ci uznano za mokre. W kilku
miejscach wida¢ bylo uszkodzenia cegly (osypywata
si¢ po dotknigciu reka). Na etapie prac budowlanych,
po skuciu tynkéw, okazato si¢, ze z zagrzybieniem
scian walczono od dawna — odkryto dostawione do
scian konstrukcyjnych $cianki grubos¢ 12 cm, praw-
dopodobnie wlasnie po to, zeby ,,zastoni¢” zagrzybie-
nia. Przedszkole walczyto oktadajac §ciany réznego
rodzaju oktadzinami — niestety obie metody okazaty
si¢ nieskuteczne.

Odnowa obiektu wydobyta jego ukryte piekno.
Dzigki delikatnej, pastelowej kolorystyce udato si¢
wtopi¢ budynek w tto w taki sposob, aby na linii
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blend into the background in such a way that the line
between the promenade and Castle Hill was not just an
accent, but it became the background for the palace.
Thanks to relocating the main entrance to the north
side, the building could ‘establish a dialogue’ with the
adjacent Artists’ Square and the main pedestrian zone
called Sienkiewicza Street (Fig. 14-15).

The interior, in accordance with the wishes of the
user, are subdued and minimalist: white walls and
uniform granite flooring. They are to provide the
background for the paintings displayed. The facility
was opened after reconstruction in November 2013.
That more than a hundred-year-old building regained
its original splendor and received the second life due
to the major renovation works. Architects managed
to make the landscape of the city more attractive and
save valuable and unique cultural legacy of the city.

deptak — Wzgdrze Zamkowe nie stanowit akcentu,
a stawat si¢ ttem dla patacu. Dzigki odwrdceniu wej-
$cia gtdownego na stron¢ poinocng nawigzano dialog
z przyleglym placem Artystow oraz gtdéwnym depta-
kiem — ulicg Sienkiewicza (il. 14-15).

Wnetrza, zgodnie z zyczeniem uzytkownika, sg
stonowane i minimalistyczne: biale §ciany i grani-
towe jednolite posadzki. Maja stanowic tlo dla wy-
stawianych tu prac plastycznych. Obiekt zostat od-
dany do uzytku po przebudowie w listopadzie 2013.
Dzigki generalnemu remontowi ten ponad stuletni
budynek uzyskat pierwotng §wietnos¢ i drugie zy-
cie na dtugie lata. Udalo si¢ uatrakcyjni¢ krajobraz,
a takze ocali¢ cenna, unikatowg spuscizng kultural-
ng miasta.

by Edyta Banachowska)

Fig. 12. BWA — Kielce. View from the Artists’ Square, the condition of the building before the revitalization. 2011 (Photo

1l 12. BWA — Kielce. Widok od strony placu Artystow, stan przed rewitalizacjq. 2011 (fot. Edyta Banachowska)
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Fig. 13. BWA — Kielce. View from the Castle Hill, the condition of the building before the revitalization. 2011 (Photo by
Edyta Banachowska)

1. 13. BWA — Kielce. Widok od strony Wzgorza Zamkowego, stan przed rewitalizacjq. 2011 (fot. Edyta Banachowska)

Fig. 14. BWA — Kielce. The view of BWA and the Castle Hill from the main pedestrian zone. The condition of the building
after the revitalization. 2013 (Photo by Edyta Banachowska)

1l. 14. BWA — Kielce. Widok na BWA i Wzgorze Zamkowe z glownego deptaka miasta. Stan po rewitalizacji. 2013 (fot.
Edyta Banachowska )

51



Str uct ure SECOND LIFE OF THE 19TH AND 20TH CENTURY BUILDINGS ON THE EXAMPLE OF THE REVITALIZATION OF ARCHITECTURE BUILDINGS ..

Fig. 15. BWA — Kielce. The view from the Castle Hill. The condition of the building after the revitalization. 2013 (Photo

by Edyta Banachowska)

1. 15. BWA — Kielce. Widok na BWA od strony wzgorza zamkowego. Stan po rewitalizacji. 2013 (fot. Edyta Banachowska)

3. SUMMARY

Described examples fit in with the trend of world
architecture: revitalization of old, unkempt buildings
and building complexes in order to bring to life an art
gallery or culture centre, preserving its solid figure,
form, details and existing equipment at the same time.

Designers of all executions named have saved
existing layouts. Newly designed elements have
been stressed with variant materials, texture, colors,
implementation of glass, and play of light. Rusty
precincts have been uncluttered, giving it structural
order and neatness.

Rebuilding and modernization always gives
buildings a new life. Crumbling, dank, moldy
properties with plaster falling off become
architectural city jewels. The renovated facades, tidy
surroundings, spectacular lighting can extract the
hidden architectural beauty of many objects.

Once buildings that fulfilled just technical function,
now — they are the perfect background for art
galleries, art centers, museums of technology, where
the highlighted technologies of its times increase the
attractiveness and diversity of these places.
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3. PODSUMOWANIE

Opisane przyktady wpisujg si¢ w nowy trend w ar-
chitekturze $wiatowej: rewitalizacji starych, zanie-
dbanych budynkéw i zespolow obiektow pod katem
stworzenia galerii sztuki, centrum kultury, przy za-
chowaniu bryty, formy, detalu i zastanego oryginal-
nego wyposazenia.

Projektanci wszystkich wymienionych realizacji
zachowali zastane uklady i tkanke¢. Elementy nowo
projektowane zostaly zaakcentowane odmiennym
materiatem, faktura, kolorem, wprowadzeniem szkta,
gra $wiatel. Uporzadkowano zaniedbane tereny wo-
kot, stwarzajac architektoniczny tad i porzadek.

Przebudowa, modernizacja, zmiana przeznacze-
nia daje budynkom nowe zycie. Obiekty popadajace
w ruing, zawilgocone, zagrzybione, z odpadajacy-
mi tynkami stajg si¢ architektonicznymi peretkami
miast. Odnowione elewacje, uporzadkowane otocze-
nie, efektowne o$wietlenie wydobywaja latami skry-
wane walory architektoniczne.

Kiedys budynki o funkcji technicznej, dzisiaj sta-
nowig doskonale tto dla galerii, centrow sztuki, mu-
zedw techniki, gdzie wyeksponowanie dwczesnych



DRUGIE ZYCIE BUDYNKOW XIX | XX WIEKU NA PRZYKEADZIE REWITALIZACJ| OBIEKTOW ARCHITEKTONICZNYCH GALERIE SZTUKI ..

structure

The successful adaptation of the buildings,
preserving their historic character, has positive
effect on the architectural space around the location.
Neglected area turns into an urban space of a unique
atmosphere. People are attracted by the distinctiveness
and mystery of historic buildings, surprising interior
designs, the combination of innovative engineering
solutions with antique brick walls.

We should hope that there will be more and more
successful revitalizations of neglected buildings that
can help saving beautiful buildings from oblivion.
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Abstract

Sustainable design in architecture is of prime importance due to civilisation, economic, environmental and social factors.
Countries both in Europe, and also in other continents, have committed to take measures to limit the degradation of the
natural environment. An architect plays a relevant role in creating the surrounding space. Students of the Kielce Univer-
sity of Technology are increasingly more interested in sustainable design, which can be seen in the designs they produce.
In the paper, the author presents some students’works in which standards of sustainable design were successfully applied.

Keywords: sustainable design, students’ designs

Streszczenie

Projektowanie zrownowazone w architekturze jest istotne ze wzgledu na uwarunkowania cywilizacyjno-ekologiczne,
ekonomiczne oraz spoteczne. Kraje europejskie jak i kraje na rdznych kontynentach $wiata podejmujg zobowigzania
ograniczajace dewastacje srodowiska cztowieka. Rola architekta w ksztattowaniu przestrzeni zbudowanej jest istotna.
Studenci Politechniki Swigtokrzyskiej w coraz wickszym zakresie podejmujq prace obejmujgce zagadnienia projektowania
zrownowazonego. Autor w artykule omawia kilka prac, w ktorych przyszli architekci zastosowali z powodzeniem standardy
projektowania zrownowazonego.

Stowa kluczowe: projektowanie zrownowazone, prace studenckie.

1. INTRODUCTION

The objectives of the course delivered in the
field of study of Architecture were specified by the
Kielce University of Technology. They include,
among others, acquiring thorough knowledge on
architectural and urban design, and also spatial
planning. While developing designs of architectural
objects, the students need to apply procedures, in
which many factors have to be accounted for. Those
factors concern functional, structural, technological
and installation issues. Also, social, ergonomic, and
safety aspects, and comfort of use must be dealt with.
Students also have to be able to solve complex design
problems, develop and execute research programs,
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1. WPOWADZENIE

Cele ksztalcenia studentow na kierunku Architek-
tura okreslone przez Politechnike Swigtokrzyska to
m.in. nabycie zaawansowanej wiedzy z zakresu pro-
jektowania architektonicznego i urbanistycznego oraz
planowania przestrzennego, stosowania procedur
opracowania projektéw obiektéw architektonicznych
z uwzglednieniem czynnikéw funkcjonalnych, kon-
strukcyjnych, technologicznych, instalacyjnych, spo-
lecznych, ergonomicznych, bezpieczenstwa i komfor-
tu uzytkowania, nabycie umieje¢tnosci rozwigzywania
ztozonych problemoéw projektowych, opracowywania
1 realizacji programow badawczych, podejmowania
przedsigwzig¢ o zasiggu migdzynarodowym, uczest-
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participate in international projects, and research
activities related to architecture and urban planning.
While preparing for, and responding to environmen-
tal hazards and energy crises, sustainable develop-
ment was adopted as a basic strategy in space man-
agement. Construction industry is the biggest sector
of economy, both due to financial reasons and also
environmentally related issues, namely the flow of
raw materials. Large chunks of capital, both finan-
cial and natural are invested in buildings. By creating
social space architecture plays an important role and
contributes to sustainable development. Architecture
students at the Faculty of Civil Engineering and Ar-
chitecture of the Kielce University of Technology are
increasingly more interested in sustainable design
while choosing their diploma subjects. That is con-
gruent with European and global trends in shaping
man’s environment.

2. STANDARDS OF SUSTAINABLE ARCHITECTURE
The concept of sustainable development with

respect to a building was first presented in Gévle

in 1998 and published in Agenda 21 as a document

entitled “Sustainable construction” [1].

The parameters for the design and execution
of architectural objects are codified in specialist
programs that are employed to assess buildings and
issue certificates for them.

The following programs are widely recognized and
considered to be prestigious:

— GreenBuilding is the European Commission
programme. The standards established in it extend
beyond narrowly understood energy efficiency
concerns,

— BREEAM  (Building Research  Establishment
Environmental Assessment Method) is a British
programme for evaluating buildings. It has been in
operation for several years, and is popular with the
advocates of sustainable architecture mainly in the UK,

— LEED (Leadership in Energy and Environmental
Design) is an American system for building rating.
LEED certification provides verification of green
features of a building or its neighbourhood in more
than 33 countries all over the world. The certificates
are awarded by the US Green Building Council,

— Passivhaus programme, developed by the Passive
House Institute in Darmstadt, Germany, defines
the operational parameters for a passive building
performance.

The European Commission has undertaken many
initiatives on sustainable development and a particular

niczenia w badaniach w dziedzinach zwigzanych bez-
posrednio z architekturg i urbanistyka.

W okresie zagrozenia srodowiska, kryzysow ener-
getycznych zrownowazony rozwoj stal sie glownag
strategia dziatan w gospodarce przestrzennej. Bu-
downictwo jest najwigkszym sektorem gospodarki
w aspekcie ekonomicznym oraz pod wzgledem eko-
logicznym - przeplywu surowcow. W budowle in-
westuje si¢ wigkszos$¢ kapitatu, zarowno finansowe-
go jak i naturalnego. Rola architektury ksztattujgce;j
przestrzen spoteczng w kreowaniu rozwoju zréwno-
wazonego jest istotna. Studenci na Wydziale Budow-
nictwa i Architektury Politechniki Swietokrzyskiej
w Kielcach na kierunku Architektura podejmujg co-
raz chetniej tematy prac zwigzanych z projektowa-
niem zréwnowazonym co jest zgodne z europejskimi
1 ze $wiatowymi tendencjami w ksztattowaniu srodo-
wiska czlowieka.

2. STANDARDY ARCHITEKTURY ZROWNOWAZONE!
Rozwdj zréwnowazony w odniesieniu do budowli

zostal po raz pierwszy przedstawiony w roku 1998

w Gévle i1 opublikowany w Agendzie 21 w dokumen-

cie pt. ,,Zrownowazone budowle” [1].

Parametry projektowania i realizacji obiektow ar-
chitektury kodyfikowane sg w programach specjali-
stycznych oceniajacych i nadajacych budynkom cer-
tyfikaty.

Szczegbdlnym zainteresowaniem i prestizem ciesza
si¢ programy:

— ,,Grenn building” program Komisji Europejskiej,
ktory ustalonymi standardami wychodzi poza
wasko rozumiany krag probleméw energoosz-
czednosci,

- ,BREEAM” (Building Research Establishment
Assessment Method) brytyjski program oceny bu-
dynkéw funkcjonujacy od kilku lat w $rodowisku
zrownowazonej architektury gtoéwnie w Wielkiej
Brytanii,

- ,,LEED” (Leadership in Energy and Environmen-
tal Design) amerykanski program prowadzacy ak-
tualnie procesy certyfikacyjne w ponad 33 krajach
(certyfikaty przyznaje US Green Building Council)
na réznych kontynentach,

— ,,Passivhaus” definiujacy (Instytucie Doméw Pa-
sywnych w Dormstandt - Niemcy) parametry funk-
cjonowania ,,budynku pasywnego”.

Komisja Europejska podejmuje wiele inicjatyw
w zakresie zroéwnowazonego rozwoju i szczegol-
nej roli dziatalnos$ci architektonicznej. W roku 2008
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role of architectural sector. In 2008, the Commission
released Council conclusions on architecture:
culture s contribution to sustainable development [2].

The standards of building assessment generally
concern the so-called sustainable development triad
[3, 4] i.e. specific conditions that are
— environmental,

— economic,
— social in character.

In the certification programmes of concern, the
codified parameters of sustainable design involve the
issues related to:

— energy efficiency of an architectural object and the
use of renewable energy sources,

— efficiency of water supply and waste water
management,

— efficiency of the use of materials and resources, and
their being environmentally friendly,

— eco-friendly use of the land,

— local preferences and eco-friendly innovation.

While developing their designs, the University
students analyse the issues mentioned above. The
sustainable design analyses account for the whole
life-cycle of a building, or a spatial complex taking
up a given part of the natural environment. The
building life-cycle comprises the design phase,
the construction works, the use phase and possible
refurbishments, and finally the disposal phase and
land reclamation for a subsequent project.

In Poland, interest in certificates has been on the
rise among design firms, developers and construction
companies. Several designs and developments have
undergone assessment and certification, which should
be interpreted as a highly desirable trend. It is equally
advisable to prepare Architecture students for taking
into account sustainable design standards.

The author of the study made an attempt to systematize
and codify the principles applicable to the assessment
of an architectural object design. The system thus
constructed aims at defining standards and parameters
useful for sustainable design [5]. The students apply
this system while developing their designs. While
incorporating sustainability principles, architects acting
as designers and the design process coordinators can
see new tasks facing them, but also new opportunities
opening up for them [6]. Close cooperation with
interdisciplinary team members is required at all phases
of a project. That is essential for the attainment of the
objectives adopted. Students can get acquainted with
such strategies due to individual instructions given by
tutors from various scientific disciplines.
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ogtosita ,, Konkluzje Rady na temat architektury:
udzial kultury w zréwnowazonym rozwoju” [2].

Standardy oceny budynkow dotycza generalnie
tzw. triady zréwnowazonego rozwoju [3, 4] tj. uwa-
runkowan
— ekologicznych,

— ekonomicznych,
— spolecznych.

W analizowanych programach certyfikujacych ko-
dyfikowane parametry projektowania zréwnowazo-
nego koncentrujg si¢ na zagadnieniach zwigzanych z:
— efektywnoscig energetyczng obiektu architekto-

nicznego oraz wykorzystaniem odnawialnych zro6-

det energii,

— efektywnos$cig gospodarki wodno-§ciekowej,

— efektywno$cig zuzycia materialdow 1 surowcow
oraz ich proekologicznoscia,

— uzytkowaniem terenu w sposob proekologiczny,

— preferencjami lokalnymi i proekologiczng innowa-
cyjnoscia.

Zagadnienia te w procesie projektowania analizujg
w swych pracach studenci Politechniki.

W analizach projektowania zréwnowazonego
uwzglednia si¢ pelny cykl funkcjonowania budyn-
ku, kompleksu przestrzennego obejmujgcego okre-
slony fragment $rodowiska. Cykl ten obejmuje
etap projektowania, realizacji zadania projektowe-
go, uzytkowania i ewentualnych modernizacji oraz
etap utylizacji i przywrocenia terenu dla nowych
inwestycji.

W Polsce coraz wigcej firm projektowych, dewelo-
perskich i budowlanych ubiega si¢ o certyfikat. Kil-
kanascie projektow i realizacji jest w trakcie procesu
oceny i certyfikacji co jest tendencja niezwykle poza-
dang. Rownie pozadane jest przygotowanie studen-
tow kierunku architektura do uwzgledniania standar-
déw projektowania zrownowazonego.

Autor podjat probg¢ usystematyzowania i zebrania
w system regul postepowanie przy ocenie projektu
obiektu architektonicznego. System ten stanowi probg
skodyfikowania standardéw i parametréw przydatnych
w projektowaniu zrownowazonym [5]. Z systemu tego
korzystaja studenci podczas opracowywania projektow.

Parametry zrbwnowazonego projektowania stawia-
ja przed architektem jako projektantem i koordynato-
rem procesu projektowego - nowe zadania i otwieraja
nowe perspektywy [6]. Wymagana jest $cista wspot-
praca z projektantami zespotu interdyscyplinarnego
na kazdym etapie i jest ona kluczowa do osiagnigcia
zatozonych celow. Proby takie podejmujg studenci
poprzez interdyscyplinarne konsultacje.
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structure

When a structure is designed, the principles of
architectural creation should be observed. That
involves harmonious integration of the building
function into the environment [7], and also
enhancement of the building energy performance and
eco-friendly comfort of use.

Sustainable design applies a conscious approach
to the structure physics and promotes energy and
materials savings. Additionally, it is recommended to
rely on the natural sources of energy available at the
site, employ rational water management systems and
emphasize eco-friendly relation to the urban surrounds.

A building design should be a resultant value
produced by a multi-criteria analysis, in which each of
the adopted solutions is accompanied by a simulation
showing its effects [8].

Therole ofthe architectis to provide the buildings with
such values so that the harmony between the contents
(technical and functional qualities) and the form of
the building could be maintained. Architecture should
bring in consistency among form, technology and a
widely understood context (surrounds). The architect is
not only a creator, but also a coordinator in a complex
design process, whose task is to accommodate and
balance opinions of various professionals, e.g. those
responsible for the structural calculations, utilities and
other systems, energy balance, building management,
environmental and also economic aspects.

In the interdisciplinary design process, architect
should always support Man who will become a user
of the created space.

3. SUSTAINABLE ARCHITECTURE IN STUDENTS’

DESIGNS

In the designs, also those developed as a partial
fulfilment of the requirements for their degrees, students
deal with different aspects of architectural design. The
author’s intension in the present paper was to focus on
issues related to sustainable design in architecture. On
many occasions, students became engaged in the tasks
that involved the principles of sustainable design. The
outcome of their work was presented at the University,
and even in international fora.

It should be noted that students’ attempts in this field
may result in their deepening the subject knowledge.
Consequently, a chance exists that in the future they
will contribute to improved quality of life of the users
of the buildings and architectural value of the objects.

Students get acquainted with and make use of the
subject matter of the author’s monograph entitled
Sustainable architecture and its standards on the

Przy projektowaniu budowli powinny obowigzy-
wa¢ zasady ksztaltowania architektonicznego, zmie-
rzajace do najlepszego potaczenia funkcji budynku
z harmonijng integracja ze $rodowiskiem [7] oraz
z dazeniem do podwyzszenia sprawnosci energetycz-
nej i ekologicznego komfortu uzytkowania.

Projektowanie = zrOwnowazone to $wiadome
uwzglednianie regut fizyki budowli, zasad oszczed-
nosci energetycznej i materiatlowej, wykorzystanie
naturalnych zasobow energetycznych otoczenia, ra-
cjonalna gospodarka wodag oraz preferowanie pro-
ekologicznej relacji z otoczeniem urbanistycznym.

Projekt budynku powinien by¢ wartos$ciag wypadko-
wa wielokryterialnej analizy, w ktorej kazde z roz-
wigzan poparte jest symulacjg pozwalajaca oszaco-
wac¢ efekty przyjetych rozwigzan [8].

Rolg architekta jest nadanie takich wartosci two-
rzonym budowlom, aby stanowily harmoni¢ tresci
(zagadnienia techniczno-funkcjonalne) i formy bu-
dynku. Architektura powinna oznacza¢ harmonie
pomig¢dzy forma, technologig a szeroko rozumianym
otoczeniem. Architekt jako kreator i koordynator
w skomplikowanym procesie projektowania musi po-
godzi¢ roznych specjalistow np. z zakresu konstruk-
¢ji, instalacji, bilansu energetycznego, zarzadzania
budynkiem, specjalistow od ekologii i ekonomii.

Architekt w interdyscyplinarnym procesie projek-
towania zawsze winien sta¢ po stronie Czlowieka
jako uzytkownika kreowanej przestrzeni.

3. ARCHITEKTURA ZROWNOWAZONA W PROJEKTACH

STUDENCKICH

Studenci w opracowaniach projektowych, jak row-
niez dyplomowych podejmuja réznorodne zagadnie-
nia dotyczace projektowania architektury. Zamierzam
skupi¢ si¢ na obszarze zagadnien dotyczacych pro-
jektowania zréwnowazonego w architekturze. Stu-
denci podejmowali niejednokrotnie zadania uwzgled-
niajace zasady projektowania zrownowazonego oraz
prezentowali swoje dokonania na forum uczelnianym
a nawet miedzynarodowym.

Nalezy mie¢ §wiadomosé, ze proby podejmowane
przez studentdw mogg przyczynic si¢ do dalszego po-
glebiania ich wiedzy w tym zakresie i w konsekwencji
do poprawy jakosci zycia przyszlych uzytkownikow
jak réwniez do poprawy walorow architektonicznych
projektowanych budynkow.

Studenci zapoznajg si¢ i wykorzystuja w swych
opracowaniach materialy zamieszone w monografii
autora Architektura zrownowazona i jej standardy na
przyktadzie wybranych metod oceny [5]. Na rysunku
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example of the selected assessment methods [5]. A
model of sustainable architecture object with reference
to assessment criteria and established standards is
presented in figure 1. The model, which is often cited
in studies, provides a synthetic description of an
architectural object and clarifies the issues involved.

1 umieszczono model obiektu architektury zréwno-
wazonej w swietle kryteriow ocen i ustalonych stan-
dardéw, ktory w sposdb syntetyczny opisuje obiekt ar-
chitektury, utatwia zrozumienie problemu i jest czgsto
wykorzystywany w pracach studenckich.

Fig. 1. The model of sustainable structure in the light of the assessment criteria and standards accepted [5]
Rys. 1. Model obiektu architektury zrownowazonej w §wietle kryteridow ocen i ustalonych standardow [5]

As regards diverse subject matter dealt with in
studies, the following design categories could be
distinguished:

— high-rise office and apartment buildings,
— public buildings,

— multi-family residential buildings,

— detached residential buildings.
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Sposrod réznorodnej tematyki w podejmowanych
pracach nalezy wyrdzni¢ obszary dotyczace projek-
towania:

— budynkéw wysokich typu biurowo apartamento-
wego,

— budynkéw uzyteczno$ci publicznej,

— budynkéw mieszkalnych wielorodzinnych,

— zabudowy mieszkalnej indywidualne;.
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Fig.2. Location of the office complex. The eastern part of Kielce (design by M. Gucwa)
Rys.2. Lokalizacja kompleksu biurowego (proj. M. Gucwa)
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3.1. Designs of high-rise office and apartment
buildings

As regards students’ designs of high-rise office and
apartment buildings, the diploma design developed
by Michat Gucwa is worth presenting. The aim
of the project was to create an object that would
address requirements of sustainable design. That
building had to be eco-friendly and economically
viable. Additionally, it needed to follow ergonomics
guidelines, and also show excellent performance
and aesthetic values. The multi-functional high-
rise building designed with sustainability-sensitive
attitude by Michat Gucwa was located in the eastern
part of Kielce, in the vicinity of the Galeria Echo, a
commercial, service and entertainment centre, on a
reclaimed brownfield site. The location was chosen
after conducting architectural and urban analysis. The
design shows an interesting spatial concept, in which
the internal space is connected to the external space,
and greenery plays an important role in the building
operation (fig. 2.). The visualization of the designed
building is shown in figure 3.

3.2. Multi-family residential buildings - regeneration
of post-industrial areas on the example of the design
of multi-functional district of the city of Kielce
The terrain of the multi-functional district of
concern is located in the eastern part of Kielce. It
lies immediately adjacent to the city boundary, in
the vicinity of the village of Cedzyna. To the north,
the area is enclosed by a trunk road (Swietokrzyska
street), to the south, it is bounded by multi-family
residential district called KSM. To the west, it
extends along the Solidarnosci Avenue. On the
other side of the avenue, recreational areas and the
campus of the Kielce University of Technology, and
also commercial, service and recreational centre of
the Galeria Echo are found. The east boundary is
formed by low-rise single-family buildings. The area
of concern undergoes functional and spatial changes.
That involves conversion of industrial and storage
sites into new residential and commercial facilities.
The area shows a high potential for forming new
urban structure. When designing a multifunctional
district on brownfield sites, student Marta Placha tried
to apply the space creation principles resulting from
urban community sustainable design. In the design,
the vehicular and pedestrian traffic were separated.
Walking and recreational venue for the residents links
the designed district to green areas of other spatial
entities (fig.4.)
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3.1. Projekty budynkow wysokich typu biurowo
apartamentowego

Sposrod wybranych projektow studenckich dotycza-
cych budynkéw wysokich typu biurowo apartamento-
wego, zaprezentowano projekt dyplomowy Michala
Gucwy. Celem projektu bylo stworzenie obiektu spet-
niajacego wymogi projektowania zrownowazonego
tj. budynku ekologicznego, uksztattowanego zgodnie
z zasadami ergonomii, posiadajacego wysokie walo-
ry uzytkowe i estetyczne oraz spehniajacego rygory
ekonomiczne. Zréownowazony wielofunkcyjny wyso-
kosciowiec, zaprojektowany przez Michata Gucwe,
po dokonaniu analiz architektoniczno-urbanistycz-
nych zostat zlokalizowany na zrewitalizowanym te-
renie poprzemystlowym we wschodniej cze$ci miasta,
w sasiedztwie centrum handlowo-ustugowo-rozryw-
kowego ,,Galeria Echo” w Kielcach. Zaprezentowano
intersujaca idee przestrzenna, gdzie przestrzen we-
wnetrzna taczy sie z przestrzenia zewngtrzna, a zielen
jest czynnikiem integrujacym odgrywajacym istotna
role w funkcjonowaniu budynku (rys. 2).Wizualizacje
projektowanego budynku przedstawiono na rysunku 3.

3.2. Budynki mieszkalne wielorodzinne - rekonstrukcja
terenow poprzemystowych na przyktadzie projektu
wielofunkcyjnej dzielnicy Kielc

Teren wielofunkcyjnej dzielnicy objety opracowa-
niem jest zlokalizowany we wschodniej czgsci Kielc,
tuz przy granicy miasta, w sasiedztwie miejscowosci

Cedzyna. Od potnocy ograniczony jest droga szyb-

kiego ruchu (ulica Swictokrzyska), za§ poludniowa

granice stanowi dzielnica mieszkaniowa wielorodzin-
na KSM. Od zachodu dzialka graniczy poprzez Aleje¢

Solidarnosci z terenami rekreacyjnymi Politechniki

Swietokrzyskiej oraz centrum handlowo-ustugowo-

-rekreacyjnym ,,Galeria Echo”. Wschodnig granice

stanowi zabudowa niska jednorodzinna. Teren obje-

ty opracowaniem to obszar, gdzie zachodza zmiany
funkcjonalno - przestrzenne, ktore polegaja na prze-
ksztatceniu terenow przemystowo — sktadowych na
nowe funkcje np. mieszkalne, handlowe. Obszar ten
charakteryzuje si¢ duzym potencjatlem w tworzeniu
nowej struktury miejskiej. Studentka Marta Placha,
projektujac wielofunkcyjna dzielnice na poprzemy-
stowych terenach starata si¢ wykorzysta¢ zasady
ksztattowania przestrzeni wynikajace z projektowa-
nia zréwnowazonego zespotow miejskich. Dokona-
fa segregacji ruchu kotowego i pieszego. Utworzyta

ciag spacerowo rekreacyjny dla mieszkancoéw — 13-

czacy projektowang zabudowe z terenami zielonymi

innych jednostek przestrzennych (rys.4.)
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Fig.3. Visualisation of the designed building - view from the Solidarnosci Ave. (design by M. Gucwa)
Rys.3. Wizualizacja projektowanego budynku od strony al. Solidarnosci. (proj. M. Gucwa)
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Fig. 4. The designed multifunctional district of Kielce (design by M. Placha)
Rys. 4. Projektowana dzielnica wielofunkcyjna Kielc, (proj. M. Placha)

Creating the residential structure, Placha applied
sustainable design principles.

The public space was integrated with the internal
space. Solar access of buildings, leisure options,
operation of the built environment and other facilities
enhance the quality of life at the district under design
(fig.5, 6)

4. SUMMARY

Students need to gain advanced knowledge on
architectural and urban design, and also acquire skills
necessary to solve complex design problems. The
qualities sought among the people in this profession
are readiness to deepen their knowledge, innovation-
oriented attitude and creativity. Sustainable design
methodology shows dynamic expansion. In the
world, and also in Poland, the number of buildings
with green certificates is on the rise. Development
strategies in European and non-European countries
have incorporated sustainable development. It is
purposeful and important to include the issues related
to sustainable space creation in students’ designs. The
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W tworzeniu struktury mieszkalnej kierowata sie
zasadami projektowania zrownowazonego.

Zintegrowala przestrzen publiczna z przestrzenia
wewnetrzna. Warunki nastonecznienia, wypoczynku,
sprawnego funkcjonowania obiektow jak i1 terenow
sprzyjaja w zaprojektowanym osiedlu jako$ci zycia
mieszkancoéw (rys. 5, 6)

4. PODSUMOWANIE

Studenci powinni zdoby¢ zaawansowanag wiedzg
z zakresu projektowania architektonicznego i urbani-
stycznego a takze naby¢ umiejetnos$¢ rozwiazywania
ztozonych probleméw projektowych. Poglebianie
wiedzy, innowacyjno$¢, kreatywnos¢ powinny by¢
ich przymiotami. Metodologia projektowania zréw-
nowazonego dynamicznie rozwija si¢. Na S$wiecie
ale takze i w Polsce coraz wiecej budynkow otrzy-
muje certyfikaty proekologiczne. Zatozenia rozwoju
krajow europejskich, ale takze innych krajow na roz-
nych kontynentach, zaktadaja rozwoj zrownowazony.
Podejmowanie tematyki ksztaltowania przestrzeni
zréwnowazonej w projektach studenckich jest celowe
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Fig. 5. Exemplary solutions for residential space (design by M. Placha)
Rys. 5. Projektowana dzielnica wielofunkcyjna Kielc - wizualizacja (proj. M. Placha)

Fig. 6. Exemplary spatial solutions. Traffic separation. (design by M. Placha)
Rys. 6. Przykladowe rozwiqzania przestrzenne, segregacja ruchu (proj. M. Placha)
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skills they learn will allow them to be competitive,
and also to contribute to harmonious development.
In their future professional career, they will be able
to employ those skills in the design process of the
buildings and the surrounds to the benefit of the
users. The quality of the space around us depends on
architects.

1 wazne. Umozliwia udzial we wspdlzawodnictwie
na rzecz harmonijnego rozwoju. Nabyte umiejetnosci
umozliwig w pézniejszym zyciu zawodowym wdra-
zanie wyuczonych idei w procesie projektowania
i realizacji budynkow z korzyscia dla uzytkownikow
otaczajacej nas przestrzeni. To od architekta zalezy
jej jakosé.
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Abstract

Geodetic inventory of complex architectural complexes — technological facilities in industrial plants, refineries, complex
constructions, buildings, etc. is a complex task. Inventory carried out with advanced measurement techniques requires

synchronization of the apparatus, taking into account the specificity of the spatial structure of the object and local
conditions, as well as the method of developing the results and visualizing the final effect. The article presents an example
of surveying the complex structure of the ceiling in the ,, Food Court* part of the Optima Shopping Center in Kosice. The
main purpose of this task was to demonstrate the usefulness of laser scanning, create a digital spatial model of a steel roof
structure and make it available for further work. The measurement was made with a Leica ScanStation C10 laser scanner.

The data processing was done in software: Leica Cyclone, Bentley Microstation V8i and Leica Cloudworx plug-in. The

final effect of the inventory of the ceiling structure is presented in the form of a spatial CAD model.

Keywords: Terrestrial Laser Scanning (TLS), 3D Modelling

Streszczenie

Geodezyjna inwentaryzacja skomplikowanych kompleksow architektonicznych — obiektow technologicznych w zaktadach
przemystowych, rafineriach, zlozonych konstrukcjach, budynkach itp. jest ztozonym zadaniem. Inwentaryzacja wykony-
wana zaawansowanymi technikami pomiarowymi wymaga zsynchronizowania aparatury, uwzglednienia specyfiki prze-
strzennej konstrukcji obiektu i lokalnych uwarunkowan, a takze sposobu opracowania wynikow i wizualizacji koncowego
efektu. W artykule przedstawiono przykiad geodezyjnego badania zlozonej konstrukcji stropu w czesci ,,Food Court”
w Centrum Handlowym Optima w Koszycach. Gtownym celem tego zadania byto wykazanie przydatnosci skaningu la-
serowego, stworzenie cyfrowego przestrzennego modelu stalowej konstrukcji dachowej i jego udostepnianie do dalszych
prac. Pomiar zostal wykonany skanerem laserowym Leica ScanStation C10. Obrobka danych zostala wykonana w opro-
gramowaniach: Leica Cyclone, Bentley Microstation V8i i Leica Cloudworx plug-in. Koncowy efekt inwentaryzacji kon-
strukcji stropu przedstawiono w postaci przestrzennego modelu CAD.

Stowa kluczowe: naziemny skaning laserowy, modelowanie 3D
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1. INTRODUCTION

Shopping centers are important objects of public
space that concentrate various areas of human social
life. Most of these objects are very complicated
constructionswith a lot of installations, decorations
and various types of materials used.

The gallery space requires constant changes.
Before making any decisions about the direction
of works, you must have the documentation of an
existing object. Design and as-built documentations
are usually developed in paper form and do not
coordinate all industries. The designer requires
detailed information about the building being rebuilt
to match all decorative elements to the existing
structure while maintaining its safety and stability.

Inventory of the ceiling structure is traditionally
performed with a spatial polar method that uses
reflectorless total stations. The method is time-
consuming and subjective. The disadvantage of the
classical method is the risk of omitting characteristic
points [2, 4].

The inventory of the objects in question are also of
little use photogrammetric methods. However, they
allow the measurement of large surface areas, but a
large number of architectural elements, which are
mutually obscuring, make it difficult to use.

An effective alternative to both methods is
terrestrial laser scanning. The technology that can
be defined as non-contact surveying method that
uses a laser beam in the active non-selective way to
measure a dense cloud points. The measurements are
made in a short time and can be supplemented with
photographic information. The scanning method
allows you to study surfaces rather than individual
points, and the data obtained is so extensive that
it allows you to create a digital spatial structure
model.

The aim of the work was to demonstrate the
usefulness of laser scanning technology for measuring
complex construction, 3D modeling and making
results available for further project work in ,,open
source‘ software on the example of the ceiling at the
Optima Shopping Center (Slovakia).

2. THE IMPORTANCE OF THE ACCURACY OF STRUCTURE
MEASUREMENTS IN THE ASPECT OF ARCHITECTURAL
DETAILS
Shopping centers are an example of complex

constructions for which the preparation of a 3D

model is a very difficult task. The structural layout
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1. WPROWADZENIE

Centra handlowe sa waznymi obiektami przestrze-
ni publicznej, ktére koncentruja rozne obszary zycia
spotecznego czlowieka. Wigkszos¢ takich obiektow
to bardzo skomplikowane konstrukcje, z duza iloscia
instalacji, dekoracji oraz réznego typu zastosowa-
nych materialow.

Przestrzen galerii wymaga ciaglych zmian. Przed
podjeciem jakichkolwiek decyzji o kierunku prac
nalezy posiada¢ dokumentacje istniejacego obiektu.
Dokumentacje projektowe i powykonawcze z reguty
opracowane s3 w formie papierowej i nie koordynu-
ja wszystkich branz. Projektant wymaga szczegoto-
wych informacji o przebudowywanym obiekcie, aby
dopasowac wszystkie elementy dekoracyjne do ist-
niejacej konstrukceji, przy zachowaniu jej bezpieczen-
stwa 1 stabilnosci.

Inwentaryzacje konstrukcji stropu tradycyjnie wyko-
nuje si¢ przestrzenng metoda biegunowa wykorzystu-
jaca tachimetry bezlustrowe. Metoda jest czasochton-
na i subiektywna. Wada metody klasycznej jest ryzyko
pominigcia charakterystycznych punktow [2, 4].

W inwentaryzacji przedmiotowych obiektéw mato
przydatne sg rowniez metody fotogrametryczne. Jak-
kolwiek pozwalaja na pomiar rozlegtych powierzch-
ni, ale duza ilo$¢ elementow architektonicznych, wza-
jemnie si¢ przystaniajacych, utrudnia jej stosowanie.

Efektywna alternatywe dla obu wymienionych me-
tod stanowi metoda naziemnego skaningu laserowego.
Technologie ta mozemy zdefiniowac¢ jako bezkontak-
towa metode geodezyjna, wykorzystujaca aktywna
wigzke laserowa w nieselektywny sposob do pomiaru
gestej chmury punktéw. Pomiary sg wykonane w krot-
kim czasie i mogg by¢ uzupetniane o informacje fo-
tograficzne. Metoda skaningu pozwala na badania po-
wierzchni, a nie pojedynczych punktoéw, a pozyskane
dane sa na tyle obszerne, ze pozwalaja na utworzenie
cyfrowego przestrzennego modelu konstrukc;ji.

Celem wykonanych prac bylo wykazanie przydat-
nosci technologii skaningu laserowego do pomiaru
ztozonej konstrukcji, modelowania 3D oraz udostep-
niania rezultatow do dalszych prac projektowych
W oprogramowaniu ,,open source” na przykladzie
stropu w Centrum Handlowym Optima (Stowacja).

2. ZNACZENIE DOKLADNOSCI POMIAROW KONSTRUKCJI
W ASPEKCIE DETALI ARCHITEKTONICZNYCH
Centra handlowe stanowig przyktad zlozonych
konstrukcji, dla ktérych przygotowanie modelu 3D
jest bardzo trudnym zadaniem. Uktad konstrukcyjny
takich budynkow jest z reguly prosty i powtarzalny,
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of such buildings is usually simple and repeatable,
the construction of a detailed model complicates
the number of decorative elements and running
installations. Due to diversity, complexity and large
area in order to carry out modernization works, it is
recommended to treat the facility as a whole with its
installations and equipment [1].

The scope of architectural inventory is regulated by
technical guidelines, which indicate which structural
elements should be measured [7, 8]. However, at the
stage of operation in relation to a specific construction,
this range is specified by the designer or designer who
develops an opinion on the condition of the object.

Establishment of the object inventory is the
responsibility of the owner of the building and is
carried out on his behalf. In the case of a shopping
center, its closure in order to carry out measuring
works generates significant losses. The examination
of the current object‘s condition must be carried out
in a short time and often with the full functioning of
this type of object.

3. LASER SCANNING

Terrestrial Laser Scanning (TLS) due to its
availability and accuracy is now treated as a
standard geodetic survey technique. With obvious
advantages, this technique has several significant
disadvantages which are different for each type, i.e.
triangulation, pulse and phase scanners. There is no
universal laser scanner for all possible applications
and measurement conditions. The accuracy of
distance measurement depends on the intensity of
the laser beam, which is mainly affected by distance,
angle of incidence and surface properties. An
important factor are instrumental errors of scanners
caused mostly by errors in angular resolution
and distance accuracy. Additionally, the trend of
production of geodetic instruments and their sale
without checking them and minimizing instrumental
errors leads to the need to examine the device. The
device should be checked according to non-standard
procedures [3. 5].

In acquiring scanning data, the technology of
the High-Definition Surveying (HDS) precision
measurement  system, that is, high-resolution
measurements, occupies a special place. Laser
scanners create huge files in a very short time, which
may contain inaccurate or incorrect data. That‘s
why HDS technology helps generate the model with
solutions, modules and scanning technologies tailored
to the type of the object.

to zbudowanie szczegotowego modelu komplikuje
ilos$¢ elementow dekoracyjnych oraz przebiegajacych
instalacji. Z powodu ré6znorodno$ci, stopnia ztozono-
$ci oraz duzej powierzchni w celu prowadzenia prac
modernizacyjnych zalecane jest traktowanie obiektu,
jako cato$ci wraz z jego instalacjami oraz wyposaze-
niem [1].

Zakres inwentaryzacji architektonicznej reguluja
wytyczne techniczne, ktore wskazuja, jakie elementy
konstrukcji nalezy pomierzy¢ [7, 8]. Jednak na etapie
eksploatacji w odniesieniu do konkretnej konstrukcji
zakres ten uscisla konstruktor lub projektant opraco-
wujacy opini¢ o stanie obiektu.

Sporzadzenie inwentaryzacji obiektu spoczywa na
wlascicielu danego budynku i wykonywane jest na
jego zlecenie. W przypadku centrum handlowego jej
zamknigcie w celu przeprowadzenia prac pomiaro-
wych generuje znaczne straty. Zbadanie stanu aktu-
alnego obiektu musi by¢ przeprowadzone w krétkim
czasie i1 niejednokrotnie przy pelnym funkcjonowa-
niu tego typu obiektu.

3. SKANING LASEROWY

Naziemny skaning laserowy (Terrestrial Laser Scan-
ning — TLS), z uwagi na swa dostgpnos¢ i1 osiagi do-
ktadnosciowe, jest obecnie traktowany jako standardo-
wa technika inwentaryzacji geodezyjnej. Przy oczywi-
stych zaletach technika ta ma kilka istotnych wad, ktore
sg rozne dla skanerow triangulacyjnych, impulsowych
oraz fazowych. Nie ma uniwersalnego skanera lasero-
wego do wszystkich mozliwych zastosowan i warun-
kéw pomiaru. Doktadno$¢é pomiaru odleglosci zalezy
od intensywnosci wiazki laserowej, na ktérg glow-
nie wptywa odleglos¢, kat padania 1 wiasciwosci po-
wierzchni. Istotnym czynnikiem sg bledy instrumental-
ne skaneréw spowodowane najczesciej bledami w roz-
dzielczos$ci katowej oraz doktadnoscia odleglosci. Do-
datkowo trend produkcji instrumentéw geodezyjnych
1 ich sprzedazy bez ich sprawdzenia oraz minimaliza-
cji bledow instrumentalnych prowadzi do koniecznosci
zbadania urzadzenia. Sprawdzenie przyrzadu nalezy
wykona¢ wedtug niestandardowych procedur [3, 5].

W pozyskiwaniu danych skaningowych szczegol-
ne miejsce zajmuje technologia precyzyjnego sytemu
pomiarowego High-Definition Surveing (HDS), czyli
pomiardw o duzej rozdzielczosci. Skanery laserowe
w bardzo krétkim czasie tworza ogromne zbiory, ktore
moga zawiera¢ niedoktadne lub bledne dane. Dlate-
go technologia HDS wspomaga generowanie modelu
rozwigzaniami, modutami i technologiami skanowania
dopasowanymi do danego typu obiektu.
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Among the advantages of scanning technology,
although still of secondary importance, qualitative
type information obtained from the intensity of the
reflected laser signal deserves attention. In some
cases, it is also effective to combine scanning
measurements with observations and phototexture
made with a built-in photographic camera [9].

4. SCANNING OF THE COMPOSITE CEILING STRUCTURE

The measurements were taken during the opening
hours of the gallery. The measurement was made with
a Leica ScanStation C10 panoramic impulse scanner
(Fig. 1) measuring 50,000 points/sec (Tab. 1). The
scanner‘s accuracy was checked and no irregularities
in its functioning were detected.

Table 1. Technical parameters of the Leica ScanStation C10
Tabela 1. Parametry techniczne Leica ScanStation C10

Wséréd zalet technologii skanowania, jakkolwiek
wciaz o drugorzednym znaczeniu, na uwagg zashuguja
informacje typu jako$ciowego pozyskiwane na pod-
stawie intensywnosci odbitego sygnatu laserowego. W
niektorych przypadkach efektywne jest rowniez scala-
nie pomiaro6w skaningowych z obserwacjami i fototek-
sturg wykonang wbudowang kamerg fotograficzna [9].

4. SKANOWANIE ZLOZONEJ KONSTRUKCJI STROPU
Pomiary wykonano w godzinach otwarcia galerii.
Wykonano je panoramicznym, impulsowym ska-
nerem Leica ScanStation C10 (rys. 1) mierzacym
z predkoscig 50 000 punktow/sek. (tab. 1). Sprawdzo-
no doktadnos¢ pracy skanera i nie wykryto zadnych
nieprawidlowosci w jego funkcjonowaniu.

Fig. 1. Terrestrial laser scanner Leica ScanStation C10

Rys. 1. Naziemny skaner laserowy Leica ScanStation C10

Technical specification of the laser scanner
Accuracy of single measurement
Position/Distance 6 mm/4 mm
Angle precision
Horizontal/Vertical 12"/12"
Modeled surface precision 2mm
Range 300 m =90%; 134 m=18%
Minimal step of scanning Tmm
Scan rate 50 000/sec.
Laser class 3R, green (A =532 nm)
Spot size 0-50m=4,5mm
Field of view
Vertical/Horizontal 270°/360°

The scanning was carried out from 5 measuring
stations arranged evenly around the perimeter of
the shopping center area so that the least obscured
areas were created. The forced centering method
was used to eliminate centering errors and the racks
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Skanowanie wykonano z pigciu stanowisk pomia-
rowych rozmieszczonych réwnomiernie na obwo-
dzie obszaru centrum handlowego, tak aby powstato
jak najmniej przystonigtych obszaréw. Zastosowano
metode wymuszonego centrowania w celu wyelimi-
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were secured during the entire measurement before
moving through the metal holders. The location of the
measurement stations is shown in Figure 2, where the
blue arrows show the directions orientating from the
measurement positions to the Leica HDS 6" shield
targets. The measurement resolution was 2 x 2 cm /
10 m, to give a composite point cloud from around
60 million points. All measurements were developed
in the local coordinate system, whose origin was
specified in the first station No. 5001. The accuracy of
the scanner orientation is shown in table 2. Coordinate
vector differences and length between position and
reference in comparison to HDS coordinates after
loading into Leica Cyclone software. The maximum
differences do not exceed 3 mm.

Table 2 Accuracy of position orientation and reference

Tabela 2 Doktadnosé zorientowania stanowiska i nawigzania

nowania bteddw centrowania oraz zabezpieczono
statywy podczas calego pomiaru przed przesuwa-
niem przez metalowe uchwyty. Rozmieszczenie sta-
nowisk pomiarowych pokazano na rysunku 2, gdzie
niebieskie strzatki przedstawiajg kierunki orientuja-
ce ze stanowisk pomiarowych na tarcze celownicze
Leica HDS 6". Zastosowano rozdzielczo$¢ pomiaru
2 x 2 cm / 10 m, uzyskujac chmurg punktéw ztozo-
ng z okoto 60 milionéw punktéw. Wszystkie pomiary
zostaty opracowane w lokalnym uktadzie wspotrzed-
nych, ktérego poczatek okreslono w pierwszym sta-
nowisku nr 5001. Doktadno$¢ zorientowania skanera
przedstawiono w tabeli 2. Zestawiono rdznice wekto-
rowe wspohrzednych oraz dlugosci pomiedzy stano-
wiskiem 1 nawigzaniem w pordwnianiu ze wspotrzed-
nymi HDS po wczytaniu do oprogramowania Leica
Cyclone. Maksymalne réznice nie przekraczajg 3 mm.

Station Backsight Ax[m] Ay[m] Az[m] Ad[m]
5001 5002 0,000 -0,001 0,003 0,003
5002 5001 0,000 0,000 0,000 0,000
5003 5004 0,000 0,000 0,000 0,000
5004 5005 0,000 0,000 0,001 0,001
5005 5001 0,000 0,000 0,000 0,000
i,
?‘:;‘i'r_’:_..ﬁ--”" i
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5003 e / 7\
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Fig. 2. The survey situation

Rys. 2. Sytuacja pomiarowa
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5. DEVELOPMENT OF THE 3D MODEL

The registration of the point cloud in a common
coordinate system, i.e. spatial transformation and
database creation, was carried out in the Leica Cyclone
7.3 software. Computer modeling of the measured
roof structure in the Microstation V8i software and
Leica Cloudworx 4.0 (Fig. 3). Leica Cloudworx is a
plug-in that allows you to work with a point cloud
database - data import, trimming unnecessary points,
generating cross-sections and computer modeling of
digital models.

5. OPRACOWANIE MODELU 3D

Rejestracje chmury punktow we wspolnym ukta-
dzie wspotrzednych, tj. transformacje przestrzenna
1 utworzenie bazy danych zrealizowano w oprogra-
mowaniu Leica Cyclone 7.3. Modelowania kompu-
terowego pomierzone]j konstrukcji dachu wykonano
oprogramowaniem Microstation V8i i Leica Clo-
udworx 4.0 (rys. 3). Leica Cloudworx to wtyczka
umozliwiajaca pracg z baza danych chmury punktow —
import danych, przycinanie niepotrzebnych punktow,
generowanie przekrojow poprzecznych i komputero-
we modelowanie cyfrowych modeli.

Fig. 3. Point cloud of the ceiling construction, isometric view

Rys. 3. Chmura punktow konstrukcji stropu, widok izometryczny

After importing the measured points, it was
necessary to edit the point cloud and remove
unnecessary points (equipment of individual stores
and restaurants, decorations, visitors, etc.). The
subject of CAD modeling were load-bearing parts of
the steel structure of the ceiling, rods, location of fire
detectors, size and location of lighting - chandeliers
and a plastic decorative wall located above the
restaurant area (Fig. 4, 5). The modeling itself was
implemented as a fully automated process using the
matching functions based on the least squares method.
The applied software allows modeling of a specific
type of surface (surface or cylindrical surface) based
on a certain spatial accuracy. An accuracy of 6 mm has
been applied because it is the measurement accuracy
of a single measured point given by the manufacturer.
Values exceeding the accepted criterion are treated
as gross errors, which are mainly caused by repeated
reflections of the laser beam, etc.
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Po zaimportowaniu pomierzonych punktow ko-
nieczna byla edycja chmury punktow i usunigcie zbed-
nych punktow (wyposazenie poszczegdlnych sklepow
1 restauracji, dekoracji, odwiedzajacych itp.). Przed-
miotem modelowania CAD byty czesci nosne kon-
strukcji stalowej stropu, prety, potozenie detektorow
ognia, wielko$¢ i1 polozenie oswietlenia — Zyrandole
i plastikowa $ciana dekoracyjna zlokalizowana nad
obszarem restauracji (rys. 4, 5). Samo modelowanie
zrealizowano jako w peli zautomatyzowany proces
wykorzystujacy funkcje dopasowania oparte na meto-
dzie najmniejszych kwadratow. Zastosowane oprogra-
mowanie pozwala na modelowanie okreslonego typu
powierzchni (plaszczyzny lub powierzchni walcowej)
w oparciu o okreslong doktadnos¢ przestrzenng. Zasto-
sowano doktadno$¢ na poziomie 6 mm, poniewaz jest
to doktadno$¢ pomiaru pojedynczego pomierzonego
punktu podana przez producenta. Wartosci przekracza-
jace przyjete kryterium sg traktowane jako btedy gru-
be, ktorych zrodlem sa przede wszystkim wielokrotne
odbicia wigzki laserowe;j itp.
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Fig. 4. Isometric view of the ceiling construction digital model
Rys. 4. Widok izometryczny cyfrowego modelu konstrukcji stropu

Fig. 5. Top view of the ceiling construction digital model
Rys. 5. Widok z gory cyfrowego modelu konstrukcji stropu

The accuracy control of the 3D model obtained
from laser scanning can be carried out on the basis
of control measures, eg coordinates of details,
obtaining the absolute accuracy of the model or the
length of sections, obtaining the mutual precision

Kontrole doktadnosci modelu 3D uzyskanego ze
skaningu laserowego mozna przeprowadza¢ na pod-
stawie miar kontrolnych np. wspétrzednych szczegd-
16w, uzyskujac doktadno$¢ bezwzgledna modelu, lub
dtugosci odcinkow, otrzymujac doktadnos¢ wzajemna
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of the elements [10]. Another option is to compare
the received model with the reference model based
on project documentation or other measurement
methods [11]. The correctness of the generated 3D
model was checked by comparing the length of the
sections between the model and real measures. The
difference in the tested measures in none of the cases
exceed the accepted criterion of 6 mm accuracy.

6. PUBLISHING A 3D MODEL OF TRUEVIEW PUBLISHER
Leica Cyclone software allows to publish and
share the measured and processed data using the
TrueView Publisher and Windows Explorer for other
co-workers without the need to have a licensed Leica
Cyclone software installed on the computer. It uses a
web interface where data intended for publishing are
stored. The obtained model can be enlarged, moved,
rotated from individual shots. Available tools allow
you to read coordinates, distances between points,
and you can write common notes about a project.
After processing and supplementing the model with
the necessary information, the TrueView software
allows for distribution of the task principal model

(Fig. 6).

Fig. 6. Leica TrueView Publisher working environment

Rys. 6. Srodowisko pracy Leica TrueView Publisher
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elementéw [10]. Inng mozliwoscig jest poréwnanie
otrzymanego modelu z modelem referencyjnym na
podstawie dokumentacji projektowej lub innych metod
pomiarowych [11]. Poprawno$¢ wygenerowanego mo-
delu 3D sprawdzono, poréwnujac dtugosci odcinkow
pomigdzy modelem oraz miarami rzeczywistymi. R6z-
nica w badanych miarach w zadnym z przypadkéw nie
przekraczata przyjetego kryterium doktadnosci 6 mm.

6. PUBLIKOWANIE MODELU 3D W TRUEVIEW PUBLISHER
Oprogramowanie Leica Cyclone pozwala na pu-
blikowanie i udostepnianie pomierzonych oraz prze-
tworzonych danych innym wspotpracownikom za
pomoca TrueView Publisher i Windows Explorer bez
konieczno$ci posiadania zainstalowanego na kompu-
terze licencjonowanego oprogramowania Leica Cyc-
lone. Program wykorzystuje interfejs internetowy,
w ktorym przechowywane sg dane przeznaczone do
publikacji. Otrzymany model moze by¢ powigksza-
ny, przesuwany, obracany z poszczegélnych ujec.
Dostepne narzedzia umozliwiaja odczytanie wspot-
rzednych odlegtosci migedzy punktami oraz mozna
zapisywa¢ wspolne uwagi dotyczace projektu. Po
przetworzeniu i uzupeklnieniu modelu o potrzebne
informacje oprogramowanie TrueView pozwala na
dystrybucje modelu zleceniodawcy zadania (rys. 6).
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7. CONCLUSION

Scanning technology is now a standard geodetic
practice tool. Itis irreplaceable in the case of dangerous,
inaccessible or complex industrial facilities. It is
constantly being improved in terms of measurement
accuracy, scope of scanners and simplicity in the
development of measured data.

The method of laser scanning is an effective method
of object inventory, however labor-intensive at the
stage of data processing. In a short time it makes it
possible to describe the whole surface, not individual
points. Generated 3D model published in the True View
Publisher can be enriched with additional information
at the stage of implementation of various works, it can
be a reference model for subsequent measurements
and to monitor damage and deformation.

The measurement confirmed the effectiveness of
HDS technology. The use of HDS discs gives a good
effect, provided that during the measurement they are
visible from all positions of the scanner. In the first
place, when creating the model, we combine scans
based on the dials, and then based on the corresponding
points, the so-called. homological points. The applied
method allowed to achieve the accepted criterion of
6 mm accuracy.

The use of laser scanning for measuring complex,
unusual construction, 3D modeling and sharing the
obtained model is useful. Due to different types of
scanners, instrumental errors should be made, because
not always observations and tips for measuring non-
standard structures will be helpful when using a
different instrument.
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Abstract

Organizations use standards to help them manage their activities to comply with regulations and help prevent, mitigate,
and control adverse environmental impacts. ISO 14001 is an international standard for environmental management that
provides a framework for addressing these responsibilities. The purpose of this study was to examine the relationship be-
tween the organization's primary motivation for the adoption of ISO 14001 and the value creators perceived through the
implementation of the Environmental Management and Business Management Standard. The study used the data from the
International Organization for Standardization 2013 ISO 14001 Continuous Improvement Survey and the survey results
of the participants. It used an existing theoretical model and attempts to improve understanding of how contextual factors
influence the outcomes of the ISO 14001 system. The descriptive results are consistent with the statements in the literature
that external pressure and stakeholder legitimacy are the main causes for the introduction of 1SO 14001.

Keywords: Environmental Management, Environmental Management System, Organizational management, ISO 14001

Streszczenie

Organizacje wykorzystujg normy w celu pomocy w zarzqdzaniu ich dzialaniami, tak aby stosowac¢ sie do regulacji i po-
moc zapobiegad, tagodzié¢ skutki i kontrolowa¢ niekorzystne wplywy srodowiska. 14001 jest normg miedzynarodowq nt.
zarzqdzania srodowiskiem, ktora zawiera narzedzia do wypetnienia tych celow. Zadaniem niniejszej pracy byto zbadanie
zaleznosci miedzy podstawowgq motywacjg danej organizacji do przyjecia 1SO 14001 a postrzegang wartosciq, zwigzang
z wprowadzeniem Zarzqdzania Srodowiskowego i Standardem Zarzqdzania Biznesowego. W pracy wykorzystane dane
Miedzynarodowej Organizacji Normalizacyjnej: ,,2013 ISO 14001 Continuous Improvement Survey” i wynikow badan
uczestnikow. Wykorzystano istniejgcy, teoretyczny model i proby zrozumienia, jak czynniki kontekstowe wphwajq na
wyniki wg ISO 14001. Wyniki opisowe sq zgodne z danymi literaturowymi, Ze giownie presja zewnetrzna i interesariusze
wphwajq na wprowadzenie ISO 14001.

Stowa kluczowe: zarzadzenie srodowiskiem, system zarzadzanie Srodowiskiem, zarzadzanie organizacyjne, ISO 14001

1. INTRODUCTION

Environmental management is a branch of
organizational management that focuses on managing
and controlling an organization’s impacts on the
environment and related issues in the surrounding
community. Global economic growth and increased
consumption, without parallel developments in
environmental resource management, have intensified
global environmental degradation in recent decades
(Sinding, 2000). Industrial environmental management
has become increasingly critical, yet increasingly

challenging due to transnational industrial networks,
environmental impacts that transcend localised borders
and boundaries, and limitations of traditional, state-
based environmental regulations.

Environmental management systems are a systematic
approach to environmental management that ultimately
aims to improve the environmental performance of a
business. Environmental management systems (EMSs)
have evolved at national and international level as
decentralized, voluntary environmental programs as a
result of economic globalization and increasing external
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pressure on businesses in environmental matters (Levy
and Dinopoulos, 2016). The International Organization
for Standardization’s ISO 14001 standard has become
dominant in this area due to its widespread adoption
and acceptance in the industry. As a policy tool, ISO
14001 has been praised for transcending regulatory
borders and close gaps in international environmental
governance, enhancing environmental performance
on a global scale, reduce environmentally-related
information asymmetry, and facilitate trade. It has also
been criticized as a private-sector vehicle for green-
washing (Coglianese & Nash, 2002; Raines, 2006), and
as a costly and administratively-burdensome scheme
that is only suitable for large organizations (Van Der
Veldt, 1997). Research suggests that it can add value
to organizations and produce positive environmental
performance results, yet as a process-based standard,
ISO 14001 provides no such guarantees.

2. LITERATURE REVIEW
2.1. Environmental management

Environmental management is a misunderstanding:
it is said that the retention of control over the
environment is meant by name, while realistically
only ways can be found to manage human interactions
with the environment considering natural systems
and environmental conditions. Within the profession
of environmental management, this means managing
the impact of man and industry on the environment —
ultimately managing institutions and people, with a
measurable outcome in environmental performance,
in conjunction with the impact of an organization
on the natural environment (Peng, 2014; Krut &
Gleckman, 1998, Morelli, 1999).

Environmental management has also evolved from
its inception into a profession, from a more isolated,
reactive and ad hoc role, focused on ensuring
regulatory compliance and pollution control, to a
more proactive preventive function, embedded in
the organization and integrated into the business
processes and responding to stakeholder concerns
(Peng, 2014; Greenwood, Rosenbeck and Scott,
2013). Although regulatory compliance management
and environmental know-how remain an important
issue, the profession focuses more on environmental
sustainability and corporate social responsibility
(Bootsma & Vermeulen, 2011, Greenwood et al.,
2013).

Environmental management has been recognized in
modern organizations as “partially professionalized
practices” (Lippert et al., 2015), with competence
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expectations regarding education, professional
certifications and environmental knowledge for entry
or progress in this area. In 2016, the Association
for the Development of Sustainability in Higher
Education (AASHE) included in its academic
program database at least 318 courses related to
environmental management in business, economics,
engineering, law, science, global studies, education,
geography and urban planning disciplines (AASHE,
2016). Friedman (1992) argues that technicians
before and in the early days of the environmental
movement mainly dealt with environmental issues in
the industry, as this was considered unimportant. As
a result of the environmental change, environmental
management has gained increasing attention in the
business context, and by the early 1990s, at least 25
business schools had included environmental issues
in their curricula (Friedman, 1992).

2.2. Environmental Management System

An environmental management system (EMS) is a
systematic and structured approach for the prevention,
mitigation and control of the adverse environmental
consequences of an organization’s activities, products,
and services (see Figure 1). It involves a formalized set
of processes for planning, implementation, monitoring
and review of an organization’s activities aimed at
delineating how an organization will manage its impacts
on the environment and those who depend on it, and
at improving an organization’s overall environmental
performance (Daddi et al., 2011; Fiorino, 2004, 2006;
Mazurek, 2004; Sroufe et al., 1998).

Fig. 1. EMS Model for Continual Improvement (adapted
from Duijm et. al. 2008)

Environmental performance is based on measurable
results related to affected environmental conditions,
such as air or water quality, as well as conditions and
indicators relative to the organization, such as reductions
in emissions and releases, or consumption of energy.
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Performance relative to the EMS can also relate to
management activities that can influence environmental
performance, such as environmental awareness, training,
and competency development (ISO, 2013b).

Management systems target what Hansen (2006)
refers to an as transactional and transformational
change in an organization. Transaction changes are
reflected in initiatives that change organizational
roles, process systems, and administrative practices.
Transformational changes are revealed at a higher
level through changes in corporate culture, values, and
leadership. For example, environmental management
systems include setting organizational goals and goals,
as well as changing environmental performance rules
and procedures that represent transactional changes.
Management systems also involve internal policy-
setting, leadership commitments and responsibilities,
and establishing processes for employee education and
awareness, and internal and external communication.
The resulting manifestation of leadership and
accountability, along with flows of environmental
management information can ultimately shape pro-
environmental behavior and change organizational
culture, representing  transformational  change
(Greenwood, 2010; King, Lenox, & Terlaak, 2005).
Some studies suggest that the quality of the EMS and
thus the extent to which an organization can leverage
its EMS toward transformational change depends on
the organization’s internal characteristics and structure,
its motivations for adoption, and the extent to which it
internalizes the EMS (Deepa Aravind & Christmann,
2008; Balzarova & Castka, 2008; M. Delmas & M.
W. Toffel, 2004; Gonzalez-Benito & Gonzalez-Benito,
2008; Qi, Zeng, Li, & Tam, 2012).

2.3. Standards for environmental management system

Levy and Dinopoulos, (2016) describe standards
as a behavioral measure and expectation of authority.
According to Mitchell (2003), the adoption of a
standard implies “the agreement to be bound by the
established measures” (page 432). According to the
1995 National Technology Transfer and Advancement
Act (NTTAA), this includes design-specific technical
specifications and the corresponding rules of conduct
for management systems. Management system
standards are management standards for the design
and management of aspects of organizations (Furusten,
2000; Heras-Saizarbitoria & Boiral, 2013). They are
meta-standards because they do not require particular
requirements for a task or product but contain a set of
design rules that apply to broad processes or disciplines

(Boiral, 2001, Uzumeri, 1997). Meta-standards are basic
requirements, such as: Which subsystems are required,
but in the case of management system standards, users
can determine how they are operationalized in the
context of the organization (Corbett & Yeung, 2008,
Endres, 2010, Uzumeri 1997).

An EMS standard aims to institutionalize responsible
management of environmental impacts in the business
by embedding it in the organization’s routines and
operating patterns, including its environmental
commitments, responsibilities, and resource allocations
as well as its procedures, processes, and daily activities
(Anon, 2002; Coglianese and Nash, 2002; Qi et al.,
2012). It is a component of the organization’s overall
management strategy that enhances the organization’s
understanding of its effects and interactions with the
environment (Morelli, 1999). Qi et al. (2012) describe
this process of embedding the values and attitudes of
the organization in their management and culture as
“internalization”.

2.4.1S0 standards

ISO 14001 is ISO’s core, foundational environmental
management standard. Consistent with the missions of
ISO and ISO/TC 207, ISO 14001 is intended to aid
organizations in recognizing, managing and improving
their interactions with the environment, and to enhance
communication and recognition of environmental
aspects and information across borders (ISO/TC207,
2013; Van Der Veldt, 1997). The standard was first
published in 1996 and is arguably the world’s leading
standard for environmental management systems due
to its worldwide acceptance and recognition. More
than 325,000 organizations, including businesses,
communities, service organizations and faith
communities in 170 countries, have independent I1ISO
14001 certification, and it is estimated that many
other organizations, including government agencies,
adopt the standard without undergoing certification
(IS0, 2014, ISO / TC207, 2013). In the United States,
over 6500 organizations held ISO 14001 certification,
covering just over 6900 physical sites, as 0of 2014 (ISO,
2014). After 20 years since ISO 14001’s introduction,
it remains a contested issue as to whether or not the
Standard can fulfil its promise of environmental
performance improvement. ISO 14001 sets rules
for environmental management system design and
development in firms but does not prescribe specific
operations, product requirements, or environmental
performance targets to be achieved (Eng Ann, Zailani,
& Abd Wahid, 2006; Uzumeri, 1997).
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ISO 14001 outlines the requirements for setting up,
implementing and maintaining a system to achieve
environmental goals and manage environmental impacts
within an organization, addressing organizations of all
types, sizes and geographic locations. The intended
outcomes of 1ISO 14001 include meeting legal and
other organizational requirements and improving
environmental performance. Many Norwegian
companies have adopted the international standard ISO
14001 for environmental management systems as an
instrument for achieving environmental management,
sustainability and social responsibility (2015).

The standard describes the required characteristics
and subsystems of an EMS as a foundation for continual
improvement, whereby adopting organizations
have considerable flexibility in determining how to
develop the system adequately and effectively within
the specified framework. An adopting organization
must implement environmental policy, objectives,
and planned actions that address its unique set
of environmental impacts and legal and other
environmental requirements, and they must monitor
and measure the system’s effectiveness, identify
and solve problems, and conduct reviews aimed at
improving the system. It is based on the Deming-
Shewhart Plan-Do-Check-Act (PDCA) model for
continual improvement. Figure 2 provides an overview
of the significant components of ISO 14001.

Fig. 2. ISO 14001 System Components (adapted from
Duijm et. al. 2008)

An organization has flexibility in the goals it sets
and how it implements the Standard; however, it also
has the responsibility to establish and pursue its goals
within the context of applicable legal requirements
and performance standards, as well as relevant
environmental commitments and stakeholder concerns.
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2.5. Effect of the organization’s motivation for 1ISO 14001

The first section of the study focuses on the
relationship between the organization’s primary
motivations for implementing ISO 14001, and
the level of value added that users perceive when
implementing the environmental management
and management standard. Under an ISO 14001
framework, organizations can differ significantly in
the ambitiousness of the objectives they set and in
their environmental performance outcomes (Brouwer
& van Koppen, 2008; Coglianese & Nash, 2002;
Nawrocka & Parker, 2009). Institutional theory offers
possible insights on firm motivations for adopting
ISO 14001 as a driver that produces variability in
EMS performance-related outcomes.

The body of literature on ISO 14001 suggests
several important internal and external drivers for
its adoption that correspond well to the motivations
identified in ISO’s 2013 Continual Improvement
Survey. These include external pressures and
mandates from customers, regulators, and parent
companies (Andrews et al., 2003; M. A. Delmas & M.
W. Toffel, 2004; Morrow & Rondinelli, 2002; Perkins
& Neumayer, 2010; Tung et al., 2014); internal
motivations related to environmental risk reduction,
improving public image, cost savings, and integration
with other management standards (Andrews et al.,
2003; M. A. Delmas & M. W. Toffel, 2004; Florida
& Davison, 2001; Morrow & Rondinelli, 2002);
and normative internal motivations related to
environmental protection and conservation (Daddi et
al., 2011; Bansal and Roth, 2000).

Some motivations are oriented in environmental
responsibility and driven by values and ethics,
including the firm’s commitment to environmental
protection and conservation. Some may be
determined by perceived internal efficiency and
economic benefits, including cost savings, financial
interests, and opportunities for integration with other
management standards adopted by the organization,
such as quality systems, occupational safety and health
systems, energy management, or social responsibility.
Different motivations are based on external pressures
or the need for strategic or stakeholder legitimacy.
Survey participants were asked to rank the following
factors that influenced their adoption of ISO 14001 in
order of importance:

« public image,
e customer requirement,
« government/regulatory agency requirement,



EFEKTYWNOSC 150 14001 | SYSTEMU ZARZADZANIA SRODOWISKIEM - PRZYPADEK FIRM NORWESKICH

environment

» commitment to environmental protection and
conservation,

« reduction of risk related to adverse environmental
impact,

« cost savings/financial benefit, and

 ways to integrate with other management standards
applied by the organization (such as ISO 9001, ISO
50001, ISO 26000, OHSAS 18001).

3. METHODOLOGY

This study applied mixed methods including
analysis of secondary data from ISO’s 2013 ISO
14001 Continuous improvement survey followed by
open, semi-structured interviews with respondents to
examine how contextual factors such as motivation,
size, and EMS maturity can affect the environmental
and business value of ISO 14001. Survey data
were analyzed using linear regression to examine
relationships among user motivations, organization
size, and the age of the EMS, and the nature and
extent of value users gained from ISO 14001
implementation. Interviews with survey participants
were used to follow up on survey responses and
collect qualitative data. The methodology provides
background on the ISO Survey, describes the
research methods and models used in the research,
and includes demographic information on survey and
interview participants.

3.1.The IS0 14001 survey

In 2013, ISO and the British Standards Institute
(BSI) surveyed ISO 14001 users and other interested
parties to gain understanding and collect data for
continual improvement of the Standard including
user motivations for implementing ISO 14001. The
benefits of implementation realized by users regarding
the nature and extent of the value they gained, and
perspectives of users and interested parties concerning
potential incorporation of a selection of sustainability
and social responsibility concepts identified as
future challenges for environmental management
(Greenwood, 2013). Response formats included
multiple choice, ranking, and Likert-scale ratings, as
well as open text comments relative to each major
section of the questionnaire.

The survey generated close to 5000 responses
in 110 countries, with 54% of responses current,
past and potential users, 17% of organizations that
have no interest in implementation, mainly from
consulting firms or certification bodies, and 29%
from other interested parties, including consultants,

examiners and scientists. In Norway alone, there
were 230 responses, of which 140 (61%) were current
or former users of ISO 14001. Other answers came
from consultants, certification bodies and researchers
who were interested in the standard but had not
implemented it. The survey was accessible for three
months on ISO’s website, and recruitment was
accomplished through ISO publications, certification
body and consultancy communications to affiliates,
and through national survey leaders appointed by ISO’s
national member bodies (NMBs). Within Norway,
the survey leaders worked through the Norwegian
Accreditation, which serves as administrator for
Norwegian NMB, to recruit participants. Norwegian
Accreditation disseminated the survey information
and provided access to the questionnaire through its
April 2013 issue of Quality Progress and its online
Knowledge Centre (Norwegian Accreditation, 2013)
and issued recruitment emails to TAG 104 members
in March 2013 (Admussen, 2013). The Norwegian
Accreditation Board, which oversees accreditation
of ISO 14001 certification bodies and auditors in
Norway, also issued a recruitment communique to its
affiliates in March 2013.

3.2. Semi-structured interviews

In addition to data collection and quantitative
conclusions based on the ISO Survey, this study
included qualitative research based on interviews
of Norway survey participants to follow up on their
responses and provide broader perspectives on the
dynamics and extent of value gained from 1SO 14001
implementation, including contributing factors and
constraints. The quantitative results were used to
guide the qualitative research, and while the survey
analysis provided answers and insights on the surface,
the interviews allowed for a complete picture and
offered a broader view into what was going on “on
the ground” in ISO 14001 implementation, and why.

Open-ended, semi-structured interviews were
conducted with ISO 14001 users in Norway who
completed the survey questionnaire, agreed to be
contacted regarding their responses, and agreed
to participate further in the study. Fifty of the 140
Norway participants provided contact information
for possible follow-up and were approached by
email for recruitment. Nineteen survey participants
continued more also in the study as interview
subjects, representing 38% of those providing contact
information. Interviews were conducted July —
September 2018.
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3.3. Model

For analytical purposes, factor choices were classified
according to Bansal and Roth’s (2000) model of
environmental responsiveness, as primarily related to
(1) environmental responsibility; (2) competitiveness;
or (3) external pressure and legitimacy (legitimation).
Bansal and Roth’s model of corporate ecological
responsiveness classifies firms’ initiatives to reduce
adverse impact on the environment based on their
underlying motivations: completeness, legitimacy, or
social responsibility. Under this model, firms motivated
by competitiveness undertake environmental initiatives
for the sake of improving long-term profitability
and competitive advantage, framing environmental
initiatives as business opportunities that will yield
higher profits or lower costs through improved eco-
efficiency (Bansal and Roth, 2000).

Following Bansal and Roth’s model, the primary
motivations indicated in the 1SO Survey related
to a business opportunity or cost efficiency
benefits were classified under competitiveness.
Motives associated with providing legitimacy or
credibility with stakeholders were categorized under
legitimation, using Suchman’s terminology, which
addresses actions aimed at gaining, maintaining, or
defending legitimacy, from strategic and institutional
perspectives  (Deephouse & Suchman, 2008;
Suchman, 1995). Those oriented in environmental
values or ecological ethics were classified under
environmental responsibility, equivalent to Bansal
and Roth’s characterization of social responsibility.
Table 1 indicates the classification of motivations for
adopting I1SO 14001 from the 1SO Survey, based on
Bansal and Roth’s model.

Table 1. Organizational Motivations for Adopting ISO 14001 — Adapted from Bansal and Roth (2000)

Motivations for IS0 14001 Adoption

Environmental Responsibility
(Normative, ethical)

Competitiveness
(Internal benefit)

Legitimation
(Pressure legitimacy)

Rationale: It is the right thing to do and supports

firm values strategy

Rationale: Provides economic opportunity or business

Rationale: Provides legitimacy or credibility with
stakeholders

- Commitment to environmental protection and
conservation

« (Cost savings/financial benefit
« Opportunities for integration with other management
standards applied by the organization

» Customer requirement

- Government/regulatory agency requirement

« Publicimage

« Reduction of risk related to adverse environmental
impact

Fig. 3. Research Model — Motivations for ISO 14001 Adoption and Effects on EMS Outcomes (Adapted from Bansal and

Roth, 2000)
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The EMV and BMYV results were then compared,
respectively, among these motivation classifications
using linear regression to determine whether the
nature of the organization’s primary motivation for
adoption was a significant driver of the degree of
value users gained. Figure 3 illustrates the research
model based on user motivations for adopting 1SO
14001.

4. FINDING

From an institutional point of view, this section of the
study examines the relationship between the primary
motivations of an organization for the introduction
of ISO 14001 and the benefits they derive from
implementation. To what extent does the primary
motivation of an organization for the introduction of
ISO 14001 influence the value that they gain in the
context of environmental management and the value
they generate regarding business management?

The institutional theory suggests that organizations
with external pressure and legitimacy-related
motivation receive less value through the introduction
of ISO 14001 than their partners with more internal
motives. Overall, the findings suggest that Norwegian
firms are gaining significant value for corporate
management and environmental management through
the introduction of ISO 14001, but are not deciding
whether the motivation for adoption is a strong
determinant. While companies that implemented
ISO 14001 primarily under legitimacy pressure
consistently indicated a lower implementation value
than companies with environmental responsibility or
competitiveness motivation, statistical analysis did not
openly support the relationship between motivation
and generally derived business management value.
Participant interviews provided insights into the
complexity behind an organization’s motivation
to adopt ISO 14001, as well as the involvement of
management as a critical factor in EMS outcomes.

Simon (1956) applied the term “satisficing” as a
decision-making approach that involves choosing
an option that is “good enough” rather than optimal,
especially when faced with multiple, potentially
conflicting goals. At least in the short term, the costs
of satisficing are perceived to be lower than the costs
of optimizing (Winter, 2000), and firms may have
incentives for taking actions that are strategically
beneficial in some way but aren’t optimal in other
ways (Dixon, 2001). Taken with neo-institutional
perspectives, this suggests that an organization’s

motivation for implementing an EMS will have a
direct effect on its outcomes. A firm with coercive or
legitimacy-driven motives for adopting 1SO 14001
may be more likely to opt for ceremonial or symbolic
implementation as a means to meet its legitimacy
needs while deciding not to internalize the EMS
within its daily operations fully.

Hart (1995) maintains that business strategy will
increasingly need to account for interactions with
the natural environment and be based on capabilities
that support environmentally sustainable activities.
Effective EMS implementation hinges on top
management support and employee competency
and engagement related to operations that can have
a significant impact on the environment, and a
ceremoniously implemented system is likely to be
weak in these areas. Despite the increasing need
to establish and internalize effective systems for
environmental management, legitimacy-seeking,
ceremonious adopters are less likely to improve the
nature of their interactions with the environment
significantly, compared to those with more internally-
driven or normative motivations.

4.1. Results for motivation and 1SO 14001 values

Survey Analysis

The descriptive results are consistent with the
statements in the literature that external pressure
and stakeholder legitimacy are the main causes
for the introduction of ISO 14001. Around 63% of
respondents said that factors in this category had
the most significant impact on their performance
Introduction of ISO 14001. The relationship between
motivation and the level of corporate governance
gained through the introduction of 1SO 14001
showed that companies motivated primarily by
external pressure and legitimacy contributed 5.6% to
company’s Environmental responsibility and a value
11.1% lower than companies with motives indicated
internal competitiveness. Regarding environmental
management value, companies motivated by external
pressure and legitimacy were 4.2% lower in value than
companies motivated by environmental responsibility
and 11.2% lower in value than companies driven by
internal environmental performance Competitiveness
were motivated.

However, the results for both EMV and BMV were
notstatistically significant, based on the input variables
of interest at o= .05. So, while there may be less EMS
value associated with exogenous motivations, given
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the overlap in confidence intervals for the means
for each motivation type, there was no conclusive
evidence to support the research hypotheses. The
detailed results and the p-value results for value-
motivation significance tests are shown in Table 2.
Boxplots of the motivation type vs summed EMV and
BMYV results are shown in Figure 4.

Semi-structured Interview Results

The results of the interviews indicated that ISO
14001 provides added value to environmental
management and employee engagement in
environmental management, reduction and control of
adverse environmental impacts, and environmental
compliance. Participants indicated that improving
the impact and ensuring compliance was primarily
due to the infrastructure provided by the Standard
for Consistency, Continuity and Visibility, including
standardized procedures and processes, and a
structured and organized approach Way to plan the
environmental aspects of an organization and tackle
activities.

This is consistent with survey results for individual
environmental value variables. The top four items
that participants indicated as areas where ISO 14001
implementation provided environmental management
value were as follows:

* management commitment to
management,

« environmental performance improvement,

« ability to meet legal requirements, and

« Employee engagement.

Around 90% of respondents said that implementing
ISO 14001 for these individual factors is at least
a moderate value. Besides, 73% indicated that
commitment to environmental management was
high to very high, 67% stated that the improvement
in environmental performance was strong to very
high, and 65% was high to very high for regulatory
compliance and 58% High value was a too high value
for employee engagement. Figure 5 shows the overall
survey results for each of the factors that make up the
environmental management value variable.

environmental

Table 2. Motivations vs ISO 14001 Value Gained Descriptive Results and Significance

Motivation N Mean St. Dev. p-value
EMV ‘ Internal Competitiveness 9 0.6944 0.1742 01
Environmental Responsibility 88 0.6246 0.1801
External Pressure/Legitimacy 162 0.5825 0.2037
BMV ‘ Internal Competitiveness 9 0.6435 0.1399 0.226
Environmental Responsibility 88 0.5885 0.1791
External Pressure/Legitimacy 162 0.5321 0.2141

Fig. 4. Main Effect Boxplots of Motivation vs. Summated EMV and BMV
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Interview participants also noted systematic and
structural benefits concerning business management.
ISO 14001 provided an underlying structure for
consistency, continuity, and succession, which
helped organizations to avoid disruption related to
environmental risk management and legal compliance
and facilitated the achievement of strategic objectives.
Several participants felt that the environmental
management benefits they realized had in turn
provided tangible value for business management,
regarding reduced costs through pollution prevention,
and improved efficiency from the integration of

environmental management processes with related
business processes. However, participants who
indicated that management in their organizations had
not embraced ISO 14001 and was mostly doing the
minimum needed to maintain certification suggested
that the only business management value from the
Standard was related to customer retention or public
image. Compared to the responses to the overall
survey, achieving the strategic goals and meeting
stakeholder requirements was the single highest
value of corporate value added, with over 80% of
respondents reporting at least a modest score and

Fig. 5. Survey Results for Individual Variables Comprising the EMV Super Variable

Fig. 6. Survey Results for Individual Factors that Comprise the BMV Super Variable
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over 50% a very high score. The image of the public
improved, with 80% at least moderate and 44%
high to very high. Then integration with business
systems, with 75% being at least moderate and 40%
high to very high. Figure 6 shows the survey results
for individual factors that make up the overarching
variable Business Management Value.

Interview participants representing organizations
with  environmental responsibility or internal
competitiveness-oriented  motivations  consistently
indicated that upper management in their organizations
had embraced the EMS and used it actively to control
their processes and activities with environmental
impacts. For organizations motivated by external
pressures and mandates, there was more variation in
the extent that management accepted and utilized the
EMS. One participant described a disconnect where
under a mandated approach, upper management wasn’t
committed to the implementation of the EMS, at least
initially, which affected the implementation of the
system and limited its value to the organization. In
several cases, management’s “eyes were opened” to
the potential value of the EMS once it was in place
and began to leverage it more as an opportunity, even
though they were initially pressured to adopt it (5, 18,
9, 11, 16, 7). In others, management accepted the EMS
but didn’t fully integrate it or take full advantage of its
opportunities. The EMS was described in several cases
as a “bolt-on” system. Some organizations were just
going through the motions, doing the absolute minimum
needed to maintain certification (1, 3, 10, 12, 15), or
worse, “gaming the system” as one participant (10)
suggested, by outsourcing processes with significant
environmental impact (9) or purposely setting weaker,
less specific goals and seeking out less rigorous
certification auditors to facilitate the audit process.

5. DISCUSSION

The Value of ISO 14001 for Environmental

Management

Value perceptions appear to be affected by the
organization’s complexity and level of environmental
impact. Interview results suggest that firms with
higher complexity or environmental risk tended to find
higher value overall in 1SO 14001 implementation
than those with lower complexity or environmental
impact. This also relates to cost-benefit trade-offs,
where value or benefits obtained would need to
surpass the costs associated with conformity and
certification for a firm to recognize it as such.
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When asked to elaborate on areas where ISO 14001
had added value for environmental management,
many of the interview participants discussed
improvement in meeting environmental legal
requirements, waste minimization, and environmental
performance improvement. While some participants
indicated environmental performance and compliance
assurance might have also been influenced by other
programs and initiatives in their organizations, they
all observed the systematic approach provided by
ISO 14001 to be instrumental toward those ends.
It enabled proactive processes to gain knowledge,
identify and address situations that could have
resulted in noncompliance with environmental
regulations, and solve and prevent problems by
identifying underlying causes. 1SO 14001 provided
the discipline to establish, document, and standardize
procedures, and a structured, organized and cohesive
way to plan for and address the environmental aspects
of the organization’s activities.

The second area, highlighted by many participants,
was the involvement of management and employees
in environmental management issues. 1SO 14001
further strengthens environmental management in the
organization. Management has been informed about
environmental management activities and concerns
as well as the functioning of the system as part of the
required management review process. Over time, this
improved leadership in environmental management
and managers began to find more ways to improve
environmental protection, achieve environmental
goals, and reduce costs. This was a factor responsible
for organizations motivated by environmental
responsibility, as well as several who were invited or
urged to adopt 1SO 14001.

Besides, employee awareness and engagement in
environmental management activities and issues was
noted as amajor area of value for several organizations.
Employee involvement in the EMS helped to provide
much more comprehensive environmental protection
because employees began to think about how their
work affected the environment and how they could
contribute toward the organization’s environmental
goals. ISO 14001’s requirements for employee
awareness and competence made employees part of
the process and provided a more robust opportunity
for individuals within the company to do the right
thing when making decisions.

These results are consistent with Rondinelli and
Vastag’s (2000) case study research, which indicated
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positive behavior changes as a result of 1SO 14001
implementation and highlighted their importance in
driving reductions in waste generation. Managers
noted an increase in awareness of environmental
issues, impacts, and requirements, as well as personal
responsibilities at work as a result of the EMS.
Implementation of the Standard, or at least a robust
EMS, can produce critical behavioral impacts that
contribute to better environmental performance, even
for sites already performing well beforehand.

The Value of ISO 14001 for Business Management

Regarding business management value, participants
again mostly noted systematic and structural benefits,
where ISO 14001 provided an infrastructure for
consistency, continuity, and succession, and helped
the organization to avoid disruption related to
environmental risk management and compliance
assurance. The structure and action plan established
under the EMS supported and facilitated the
achievement of strategic objectives.

Participants who indicated that management in their
organizations had not embraced [ISO 14001 and mostly
doing the minimum needed to maintain certification
suggested that the only business management value
from the standard was related to customer retention
or public image. One participant noted that the
standard was viewed as merely a marketing expense.
Various participants kept in mind that business and
environmental management go together. Besides,
environmental management benefits would, in turn,
provide value for business management, noting
specific benefits realized in reduced cost associated
with pollution prevention efforts, improved efficiency
as a result of integrating the EMS within the business
systems, and enhanced product-related environmental
management and stewardship in relation to meeting
rules and directives in international markets.

6. CONCLUSIONS

This study is based on perceptions of value, which
are inherently subjective and context-dependent, and
firms are looking to get different things out of the EMS
based on different motivations and organizational
contexts. Perceived value tends to increase with higher
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THE INFLUENCE OF CEMENT BYPASS DUST ON THE PROPERTIES OF CEMENT
CURING UNDER NORMAL AND AUTOCLAVE CONDITIONS

Wplyw pytu z instalacji bypassa pieca cementowego na wkasciwosci cementu
dojrzewajacego w warunkach normalnych i autoklawizacji

Structure and Environment No. 1/2019, vol. 11, p. 5

Abstract

This paper analyses the properties of cement binders
composed with cement CEM | 42.5R and cement bypass
dust in amount of 0.5, 1.0 and 5.0% by mass of binder,
curing under standard and additionally autoclave
conditions. The bypass dust increases the water content for
standard consistency and delays the initial setting time of
binder. The cement paste containing 5% of dust reveals the
change in volume by 6 mm according to Le Chatelier test.
After 2 days, the compressive strength of cement mortar
containing bypass is comparable to that of Portland
cement mortar, but at later time the strength development
of this cement binder is slower. The addition of cement
bypass dust in amount to 1% can obtain the cement of
strength class of 42.5R according to standard PN-EN 197-
1. The autoclave curing improves the compressive strength
of cement mortar. The SEM/EDS observations confirm the
presence of low crystalline C-S-H gel and well-formed
tobermorite fibres in autoclaved cement mortar containing
5% of cement bypass dust.

DOI: 10.30540/sae-2019-001

Streszczenie

W pracy analizowano wlasciwosci spoiw cementowych za-
wierajqcychwsktadzie cement portlandzki CEM142,5Ripyt
zinstalacjibypassapiecacementowegowilosci0,5, 1,0i5,0%
masy spoiwa, dojrzewajgcych w warunkach normalnych
idodatkowow autoklawie. Pylz bypassazwigkszailos¢ wody
niezbednej do uzyskania konsystencji normowej oraz opoz-
nia poczqtek czasu wigzania spoiwa. Zaczyn zawierajqgcy
5% pytuwykazuje zmiang objetosci o 6 mmwedtug Le Chate-
liera. Po dwoch dniach wytrzymatos¢ na Sciskanie zaprawy
ze spoiwa zawierajqcego pyl z bypassa jest porownywalna
z wytrzymalosciq zaprawy z cementu portlandzkiego, ale
w miare uplywu czasu przyrost wytrzymatosci zaprawy
z tego spoiwa jest mniejszy. Dodatek pytu z bypassa w ilo-
Sci nieprzekraczajgcej 1% pozwala otrzymaé cement kla-
sy wytrzymatosci 42,5R wedtug wymagan normy PN-EN
197-1. Autoklawizacja zwieksza wytrzymatos¢ na Sciska-
nie zaprawy cementowej, a pyl z bypassa stanowi jeden
z czynnikow poprawiajgcych wlasciwosci wytrzymaloscio-
we. Obserwacje SEM/EDS potwierdzajq obecnos¢ stabo
wykrystalizowanego Zelu C-S-H i dobrze wyksztatconych
widkien tobermorytu w probce zaprawy zawierajgcej 5%
pyi z bypassa dojrzewajgcej w warunkach autoklawu.
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GRZEGORZ MAZUREK
MAREK PSZCZOLA
CEZARY SZYDEOWSKI

NON-LINEAR MASTIC CHARACTERISTICS BASED ON THE MODIFIED MSCR
(MULTIPLE STRESS CREEP RECOVERY) TEST

NIELINIOWA CHARAKTERYSTYKA MASTYKSU NA PODSTAWIE
ZMODYFIKOWANEJ METODY MSCR

Structure and Environment No. 1/2019, vol. 11, p. 23

Abstract

Mastic containing asphalt in its composition is an example
of a viscoelastic material. It is an effective binder in as-
phalt. It consists of a filler (<0.063 mm) and asphalt mixed
in the right proportions. Just like in asphalt, its response
depends on the temperature level, the load and stress
time. Changing the stress stiffness of the mastic affects the
non-linear course of the stress-strain relationship. Mod-
elling of the non-linear course of the mastic response for
any stress history was performed using a single-integral
Schapery equation. Two mastic composites made using fill-
er to asphalt 2:1 ratio, was used in the tests. In addition,
the contents of the filler, in one of the compositions, was
enriched with hydrated lime in an amount of 15% in rela-
tion to the mass of the lime filler. It was found that the use
of non-linear viscoelasticity model describes, in a compre-
hensive manner, the change in strain over time with dif-
ferent stress histories. In addition, hydrated lime reduced
strains in the mastic compared to a composition consisting
of limestone dust only.
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Mastyks zawierajqcy w swoim skladzie asfalt jest przykia-
dem materiatu lepkosprezystego. Stanowi on efektywne le-
piszcze w mieszance mineralno-asfaltowej. Sktada sie on
z wypetniacza (<0,063 mm) oraz asfaltu wymieszanego
w odpowiednich proporcjach. Tak samo jak w mma jego
odpowiedz zalezy od poziomu temperatury, czasu oddzialy-
wania obcigzenia. Zmiana sztywnosci mastyksu wywolana
naprezeniem rzutuje na nieliniowy przebieg relacji napre-
zenia-odksztatcenie. Modelowanie nieliniowego przebiegu
reakcji mastyksu dla dowolnej historii naprezenia zostato
wykonane przy uzyciu jednocatkowego rownania Schape-
ry’ego. W badaniach wykorzystano dwie kompozycje ma-
styksu sporzgdzonego przy proporcji wypetniacza do as-
faltu wynoszqcego 2:1. Ponadto sklad wypetniacza zostat
w jednej z kompozycji wzbogacony o wapno hydratyzowa-
ne w ilosci 15% w stosunku do masy wypetniacza wapien-
nego. Stwierdzono, ze zastosowanie modelu nieliniowej
lepkosprezystosci w sposob kompleksowy opisuje zmiane
odksztatcenia w czasie przy roznej historii wystgpowania
naprezna. Ponadto wapno hydratyzowane korzystnie ogra-
niczylo deformacje w mastyksie w stosunku do kompozycji
skladajqcej si¢ wylgcznie z mgczki wapiennej..
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Abstract

In 1992, the idea of adapting the power plant building lo-
cated in the industrial district of London in the contem-
porary art gallery Tate Modern, was brought into effect.
Implementation, immediately after the opening in 1997,
attracted millions of visitors and over more than 20 years
of cultural activity it has become one of the most popular
galleries of modern art in the world. Thus the worldwide
trend of arranging art and culture centres in the revitalized
buildings has started. A great example of this idea is the
CaixaForum in Madrid and a number of Polish projects.
In each major city in our country an old neglected build-
ing which represents cultural values has been revitalized.
The derelict boiler-house in Olsztyn was converted into the
Technology Education Center and the building of an or-
phanage and a nursery was transformed into the gallery
of contemporary art BWA in Kielce. Labor-intensive and
costly actions contributed to saving not only abandoned
and vandalized buildings, but also influenced the preser-
vation of historic city centers, protection and preserva-
tion of frontages and precious landscape values. Public
awareness in the field of cultural heritage has definitely
increased and the measures aimed at giving a second life
to historic, derelict buildings are met with growing interest
and enthusiasm.
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W 1992 roku narodzit si¢ pomyst adaptacji budynku elek-
trowni, pofozonej w przemystowej dzielnicy Londynu, na
galerig sztuki wspolczesnej Tate Modern. Realizacja, zaraz
po otwarciu (1997), przyciggnela miliony zwiedzajqcych
i w ciggu ponad 20 lat dziatalnosci stata sie jedng z najpo-
pularniejszych galerii sztuki wspolczesnej na swiecie. Tym
samym zapoczgtkowano swiatowy trend urzqdzania centrow
sztuki i kultury w zrewitalizowanych budynkach. Swietnym
przykiadem kontynuacji tej mysli jest CaixaForum w Ma-
drycie czy liczne realizacje polskie. W kazdym wiekszym
miescie naszego kraju udato sie dokonac rewitalizacji zanie-
dbanego starego budynku przedstawiajgcego wartos¢ kul-
turowq. przebudowa zrujnowanej kottowni w Olsztynie na
Centrum Edukacji Technologicznej, rewitalizacja budynku
ochronki i przedszkola na galerie sztuki wspolczesnej BWA
w Kielcach. Pracochtonne i kosztowne dzialania przyczynity
sie do uratowania nie tylko opuszczonych i zdewastowanych
budynkow, ale wplynely na zachowanie zabytkowych cen-
trow miast, ochrong pierzei czy zachowanie cennych walo-
row krajobrazowych. Wzrosta swiadomosé spoleczenstwa
w dziedzinie ochrony wlasnego dziedzictwa kulturowego —
dziatania zmierzajgce do nadania drugiego zZycia zabytko-
wym, zrujnowanym budynkom sq przyjmowane z rosngcym
zainteresowaniem i entuzjazmem.
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PROJEKTOWANIE ZROWNOWAZONE - NOWE STANDARDY KSZTALTOWANIA PRZESTRZENI
NA PRZYKLADZIE WYBRANYCH PRAC STUDENCKICH
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Abstract

Sustainable design in architecture is of prime importance
due to civilisation, economic, environmental and social
factors. Countries both in Europe, and also in other con-
tinents, have committed to take measures to limit the deg-
radation of the natural environment. An architect plays a
relevant role in creating the surrounding space. Students of
the Kielce University of Technology are increasingly more
interested in sustainable design, which can be seen in the
designs they produce. In the paper, the author presents
some students’works in which standards of sustainable de-
sign were successfully applied.
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Projektowanie zrownowazone w architekturze jest istotne
ze wzgledu na uwarunkowania cywilizacyjno-ekologiczne,
ekonomiczne oraz spoleczne. Kraje europejskie jak i kraje
na réznych kontynentach $wiata podejmujg zobowigzania
ograniczajace dewastacje $rodowiska czlowieka. Rola
architekta w ksztaltowaniu przestrzeni
jest istotna. Studenci Politechniki Swietokrzyskiej w

zbudowanej

coraz wigkszym zakresie podejmujg prace obejmujgce
zagadnienia projektowania zréwnowazonego. Autor w
artykule omawia kilka prac, w ktorych przyszli architekci
zastosowali z powodzeniem standardy projektowania
zrownowazonego.
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3D MODELLING OF A COMPLEX CEILING CONSTRUCTION USING
NON-CONTACT SURVEYING TECHNOLOGIES

MODELOWANIE 3D ZLOZONEJ KONSTRUKCJI STROPU
PRZY ZASTOSOWANIU BEZDOTYKOWYCH METOD GEODEZYJNYCH

Structure and Environment No. 1/2019, vol. 11, p. 67

Abstract

Geodetic inventory of complex architectural complexes
— technological facilities in industrial plants, refineries,
complex constructions, buildings, etc. is a complex
task. Inventory carried out with advanced measurement
techniques requires synchronization of the apparatus,
taking into account the specificity of the spatial structure
of the object and local conditions, as well as the method
of developing the results and visualizing the final effect.
The article presents an example of surveying the complex
structure of the ceiling in the ,,Food Court™ part of the
Optima Shopping Center in KoSice. The main purpose of this
task was to demonstrate the usefulness of laser scanning,
create a digital spatial model of a steel roof structure and
make it available for further work. The measurement was
made with a Leica ScanStation C10 laser scanner. The data
processing was done in software: Leica Cyclone, Bentley
Microstation V8i and Leica Cloudworx plug-in. The final
effect of the inventory of the ceiling structure is presented
in the form of a spatial CAD model.
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Geodezyjna inwentaryzacja skomplikowanych kompleksow
architektonicznych — obiektow technologicznych w zakia-
dach przemystowych, rafineriach, ztozonych konstrukcjach,
budynkach itp. jest ztozonym zadaniem. Inwentaryzacja wy-
konywana zaawansowanymi technikami pomiarowymi wy-
maga zsynchronizowania aparatury, uwzglednienia specyfiki
przestrzennej konstrukcji obiektu i lokalnych uwarunkowan,
a takze sposobu opracowania wynikow i wizualizacji konco-
wego efektu. W artykule przedstawiono przyktad geodezyjne-
gobadaniazlozonejkonstrukcjistropuwczesci,, Food Court”
w Centrum Handlowym Optima w Koszycach. Glownym
celem tego zadania bylo wykazanie przydatnosci skaningu
laserowego, stworzenie cyfrowego przestrzennego modelu
stalowej konstrukcji dachowej i jego udostepnianie do dal-
szych prac. Pomiar zostal wykonany skanerem laserowym
Leica ScanStation CI10. Obrobka danych zostala wykonana
w oprogramowaniach: Leica Cyclone, Bentley Microstation
V8ii Leica Cloudworx plug-in. Koncowy efekt inwentaryza-
¢ji konstrukcji stropu przedstawiono w postaci przestrzen-
nego modelu CAD.

95



abstracts

KASSAYE GUDETA DEYASSA

THE EFFECTIVENESS OF 1SO 14001
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EFEKTYWNOSC 1S0 14001
| SYSTEMU ZARZADZANIA SRODOWISKIEM - PRZYPADEK FIRM NORWESKICH
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Abstract

Organizations use standards to help them manage their
activities to comply with regulations and help prevent,
mitigate, and control adverse environmental impacts. 1ISO
14001 is an international standard for environmental man-
agement that provides a framework for addressing these
responsibilities. The purpose of this study was to examine
the relationship between the organization’s primary moti-
vation for the adoption of ISO 14001 and the value creators
perceived through the implementation of the Environmen-
tal Management and Business Management Standard. The
study used the data from the International Organization
for Standardization 2013 ISO 14001 Continuous Improve-
ment Survey and the survey results of the participants. It
used an existing theoretical model and attempts to improve
understanding of how contextual factors influence the out-
comes of the ISO 14001 system. The descriptive results are
consistent with the statements in the literature that external
pressure and stakeholder legitimacy are the main causes
for the introduction of ISO 14001.
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Organizacje wykorzystujg normy w celu pomocy w zarzg-
dzaniu ich dziataniami, tak aby stosowa¢ sie do regulacji
i pomoc zapobiegac, lagodzic skutki i kontrolowaé nieko-
rzystne wplywy srodowiska. 14001 jest normgq miedzynaro-
dowgq nt. zarzgdzania Srodowiskiem, ktora zawiera narze-
dzia do wypetnienia tych celow. Zadaniem niniejszej pracy
bylo zbadanie zaleznosci miedzy podstawowg motywacjg
danej organizacji do przyjecia ISO 14001 a postrzegang
wartoscig, zwigzang z wprowadzeniem Zarzqdzania Sro-
dowiskowego i Standardem Zarzqdzania Biznesowego.
W pracy wykorzystane dane Miedzynarodowej Organizacji
Normalizacyjnej: ,,2013 ISO 14001 Continuous Improve-
ment Survey” i wynikow badan uczestnikow. Wykorzysta-
no istniejqcy, teoretyczny model i proby zrozumienia, jak
czynniki kontekstowe wplywajq na wyniki wg ISO 14001.
Wyniki opisowe sq zgodne z danymi literaturowymi, zZe
glownie presja zewnetrzna i interesariusze wplywajq na
wprowadzenie ISO 14001.
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