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jako pochylni dla osób

Ewa -Borowa,

Katedra Mechaniki Budowli, Budownictwa i Architektury, Politechnika Lubelska, 
e–mail: e.blazik@pollub.pl, m.pienko@pollub.pl, a.robak@pollub.pl

Streszczenie: o-

e

o
W tym zakresie w pracy 

wyniki symulacji przejazdu wózku
z-

towania, 
dla 

.
a-

nie budowlane, symulacje komputerowe.

1. Wprowadzenie 
Referat je l-

Ciekawym 
, , zasto

tymczasowego mostu dla pieszych, który w 2011r. 
w
J.
rys. 1.

Rys. 1. Widok konstrukcji tymczasowego mostu dla pieszych
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nosprawnych
innymi: podczas imprez masowych w obiektach, do których normalnie 
po schodach, l-

gdy nie ma 
p. w zimie lub z powodu 

uzbrojenia terenu, 

dni. Z drugiej strony takie zastosowanie rusztowania jest n , dlatego
w-

nych nych. Na rys. 2 pokazana o-
-

Rys. 2.

2. Aspekty prawne
ust.1 Warunków technicznych 

[1] o wej do budynków mieszkalnych wielorodzinnych,
zamieszkania zbiorowego i u yteczno ci

[1] 
budynki na terenach zamkni tych, budynki

w zak adach karnych, aresztach ledczych, zak adach poprawczych i schroniskach dla 
nieletnich oraz budynki w zak adach pracy, nie b cych zak adami pracy chronionej.

o-

Gdy r osób 
przepisom Prawa budowlanego [2] takim, jak dla pochylni wykonanych z innych materia-

. zgodnie z art. 30 ust.1 p.1 Prawa 
budowlanego [2] administracji architektoniczno-
budowlanej. Organem tym dków jest starostwo powiatowe lub 
w przypadku miast na prawach powiatu dokon w .
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dokumenty:
termin ich rozpocz cia, odpowiednie szkice i rysunki, w tym lokalizacj obiektu na mapie
( oraz dczenie o posiadanym prawie 

Ustawa [2] nie wymaga, aby osoba 
z uprawnieniami budowlany

owiednie oznakowanie CE 
Nr 305/2011 [3] 4]. 

takiego oznakowania
yrób budowlany dopuszczony do jednostkowego zastosowa-

nia, który zgodnie z Ustaw 4] wymaga projektu technicznego.

norm [7] i [8].
, jest  a-

danym prawie do

a do danego terenu , kto jest 
,

konstrukcji 
drogowym, to

pasa drogowego zgodnie z ustaw o drogach publicznych [6]

e co najmniej
w terminie 30 dni przed em robót budowlanych

zgodnie z Prawem budowlanym [2] „w terminie 30 dni od dn
”. Organy administracji architek-

d

rt. 
55 ustawy Prawo budowlane [2 „pochylnia nie 

owanie [2]”.
Potraktowanie pochylni z rusztowania tylko jako pochylni dla osób nie w-

nych em Dozoru Technicznego. Pochylnia nie jest 

z
technicznemu [6] nie podlega UDT.

3.

wszystkim funkcjonalna. Zapewnione to jest wtedy, gdy pochylnia zaprojektowana jest 
zgodnie z art. 70 i art. 71 Warunków technicznych [1]. Wymiary pochylni, narzucone przez 
Warunki techniczne [1], pokazano na rys. 3, a w lnych 
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Tabela 1. Nachylenie pochylni dla 1]

Lp. zadaszenia
1 Do 0,15m 15% 15%
2 Od 0,15m do 0,5m 8% 10%
3 6% 8%

Rys. 3. zgodnie z [1]

a) b)

c) d)

Rys. 4. o

hniczne, ale 
u 4 pokazano 

ncie pochylni po 
je

o
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a) b)

c) d)

Rys. 4. o

hniczne, ale 
u 4 pokazano 

ncie pochylni po 
je

o

m a 
i pomost
15 z-

2, 

o

poszczególnych wariantów rusztowania, zamieszczono w tab. 2. 
o-

,0
winda.

Tabela 2. Zestawienie elementów w pochylniach pokazanych na rys. 4
Rys. 4a Rys. 4b Rys. 4c Rys. 4d

Nr Nazwa elementu Liczba
[szt]

Liczba
[szt]

Liczba
[szt]

liczba 
[szt]

1 Podstawka stalowa regulowana uchylna 0.4 m 12 24 12 24
2 3 5 4 8
3 Stojak 1.0 m 2 14 4 12
4 Stojak 1.5 m 8 13 6 12
5 Stojak 2.0 m 2 9 2 10
6 U-rygiel podwójny 1.572 m 7 18 6 15
7 Rygiel poziomy stalowy 1.572 m 15 55 8 36
8 Rygiel poziomy stalowy 3.072 m 6 10 8 16
9 Pomost stalowy 1.572 m 9 31 4 16

10 Pomost stalowy 1.572 0 1 1 4
11 Pomost stalowy 3.072 m 16 32 16 32
12 Pomost stalowy 3.072 4 8 4 8
13 Kra m 4 14 2 8
14 m 8 16 8 16
15 Rura uniwersalna 56,5 mb 112,7 mb 56,8 mb 113,6 mb
16 46 90 48 96
17 3 5 4 8
18 m 0 6 0 2
19 2 m 0 1 0 2

Masa konstrukcji 1234,4 kg 2942,4 kg 1151,2 kg 2671,8 kg

4.
ochylni ym, 

których konstrukcjami wsporczymi rusztowania budowlane. Przede wszystkim 
w trakcie prac budowla
tzn. na powierzchni, . W przypadku 
przez osob k ie

ych powierzchnia styku 
z nawet cztero powierzchnia podeszwy buta. 

, wraz 
z nikiem. Rusztowa tego rodzaju .
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owych, które 

i dynamicznego, wy e wózka
opiekuna oraz ich ruchem.

4.1. Budowa modelu numerycznego
Na rys. 5 zaprezentowano model numeryczny pochylni, pokazanej na rys. 2. Model 

, które modelu
- Charakterystyki 

geometryczne elementów 9], dzi 
o S235JRG
o i obliczeniowej , ej
fy = 280 MPa, module Younga E=2,05·108 v = 3. Pomosty 

anej oraz 
powo
odwzorowana tylko wtedy, gdy analizujemy pojedynczy pomost. Gdy analizujemy 

omostó
z uproszczonych modeli. Na rys. 6a pokazany jest model pomostu z fragmentem blachy 
z
[10]. Zastosowanie uprosz

o-

w modelu do
wykonano statyczne obliczenia porów

09,1
MPa78,156

MPa4,171

2

1 ===
red

redk
s
s (1)

rzeczywiste blachach pomostu ksze 
te otrzymane w obliczeniach komputerowych z wykorzystaniem modelu uproszczonego.

k

k

Rys. 5. Model numeryczny pochylni
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a) b)

Rys. 6. i-
ków, b) model uproszczony

a) b)

Rys. 7. -Misesa o-
wników, b) model uproszczony

4.2. Analiza statyczna konstrukcji pochylni
Obliczenia statyczne wykonano w dwóch wariantach:

I - kN),
II - arem 
osoby na wózku i wózka (1 kN).

a) b) c)

Rys. 8. a) widok wózka na pochylni, 
b) wariant I, c) wariant II

cm2.
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cm2.

a zredukowane podczas symulacji 
przejazdu wózka. W ten sposób wyznaczony u dla wariantu I pokazano na rys. 8b, 
a

ukowane, które pokazano na rys. 10. 
MPa. 

,
czyli MPa·1,09 = 211,8

fy.

a) b)

Rys. 9. a) wariant I, b) wariant II

4.3. Analiza dynamiczne konstrukcji pochylni

W wyniku analizy modalnej 
e dwie cz f1 = 2,74 Hz i f2 = 5,27 Hz. 

a) b)

Rys. 10. ylni: a) wariant I w 89 
kroku, b) wariant II w 250 kroku

ntach, 
w których symulowano odpowiednio, w wariancie I  przejazd wózka i w wariancie II 
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V = 0,768m/s, Dt = 0,0325, 
obliczenia wykonano w ramach 660 kroków obliczeniowych

enia zredukowane w tych krokach obliczeniowych, 
w e wyników analizy dynamicznej 
i

projektowania konstrukcja pochylni pow

z
dynamicznych.

5. Podsumowanie
W pracy przedstawiono,

prawnych w wykony
czasu zajmie przygotowanie dokumentacji

y.
r-

g f = 1,5 (por. norma [8]), to z uzyskanych 
e

owodu 
a dynamicznego, spowodowanego przejazdem wózka, na ó-

.
oby, aby 

o
. Wtedy analizy wytrz

w ramach przygoto
dodatkowymi kosztami przy

I estety tak 
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The legal and technical possibilities of using of scaffoldings 
as the ramp for disabled persons

- , Aleksander Robak

Department of Structural Mechanics, Faculty of Civil Engineering and Architecture, 
Lublin University of Technology, 

e–mail: e.blazik@pollub.pl, m.pienko@pollub.pl, a.robak@pollub.pl

Abstract: The paper is devoted to the problems of legal and technical making the 
ramp for disabled persons with scaffolds. Scaffolding system components allow you to 
assemble a structure that serve as the ramp and fulfil the requirements of technical 
conditions. From a legal point the most important is the fact that the ramp construction 
needs a building application. In this regard, the greatest problems is obtaining the rights to 
use the property for construction purposes. A big challenge is to also perform stress 
analysis, taking into account of dynamic impacts caused by the movement of the trolley. In 
this regard, the paper presents a numerical model of the ramp, static analysis, modal 
analysis and results of prediction of a disabled person ride on the trolley. The results of 
computer calculations have shown that the construction of the ramp requires the exact 
numerical analysis. Therefore, the best option would be in order to scaffolding companies 
will prepare relevant technical documentation of products which are ramps for the disabled.

Keywords: the ramp for disabled persons, legal aspects, scaffolding, computer pre-
diction.
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Wydruk 3D jako do planowania zabiegów 
ortopedycznych

Cykowska- 1, 2

1 Katedra Technologii Laserowych, Automatyzacji i Organizacji Produkcji, 
e-mail: malgorzata.cykowska@pwr.wroc.pl

2 Informatycznej Akademii
im. Jana Matejki w Krakowie, e-mail: pozga@asp.krakow.pl

Streszczenie: Celem literatury jest wyznaczenie y-
druków 3D uzyskiwanych w
nauk przyrodniczych, ze szczególnym naciskiem na wykorzystanie ich do planowania za-
biegów ortopedycznych o

aspektem finansowym. Badacze 
fakt, jednostka poddana leczeniu (pacjent),

.
arto- programowych oraz 

odpowiedniej metodzie obróbki wyników
. P one 

ludzkiej pracy z jednego z najtrudniejszych i najbardziej 
tto) komercyjnego wydruku 3D, 

z , jest
do 50% y od stawek komercyjnych dla modelu (os coxae) miednicy wraz z „os femoris”

20 cm. Jest to efekt .
, do 

zmniejszenia kosztu wydruku o kolejne 30% (liczone od kwoty bazowej) poprzez wprowa-
dzanie maszynowej obróbki oraz stosowanie innych metod druku. 
Zastosowanie wydruków 3D przy zabiegów ortopedycznych,
pozwala na zmniej a instrumentarium oraz czasu zabiegu, w odniesie-
niu do przeprowadzonych podo , w swoim zakresie
wydruku 3D.

technologie przyrostowe, druk 3D, implant, planowanie operacji,
technologia addytywna.

1. Wprowadzenie 
druku 3D 

rok 1983. W e –
przy 

wykor . [20] obecne zastosowanie dru-
kowania trójwymiarowego z-
nej i jest coraz bardziej

, zabawki, , itp. Ponadto 
a-

ne w chirurgii, przy wytwarzaniu implantów i protez [10].
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Drukowanie przyrostowe polega na na
[20]. Warstwa odpowiada przekrojowi budowanego 

model jest wytwarzany warstwa po warstwie, [9, 13].
warstw, z których jest budowany obiekt, jego w odwzoro-

wywaniu modelu, programie komputerowym typu CAD
(Computer Aid Design) [19].

c 3D
worzenie skomplikowanego modelu zaprojektowanego w programie kompu-

terowym. . P mate-
. W k-

jak i ceramik o-
zwyrodnienia 

[10].
gotowych implantów lub protez, które po niewielkiej obróbce mechanicznej,
umieszczone w Zakres zastosowania technologii przyrostowych jest 

, ale od wymaga

, ,
danym pozyskanym w wyniku tomografii komputerowej (CT – Computer Tomography)
lub rezonansu elektromagnetycznego (MRI – Magnetic Resonansce Imaging) [3]. Na pod-
stawie lub MRI
pacjenta [4, 16] odpowiednim formacie pliku 
i [3].

Wydruki p-
szym specjalistom trudno jest [9, 15, 18]. W ten 

[1, 14]. Skracany jest czas operacji pacjenta, stosowanych instru-
mentów, jak i ryzyko przeprowadzanego ubytkiem, 

zmniejszane jest ,
, inne miejsce. 

W przypadku w ej rekonstrukcji za-
projektowanie indywidualnego implantu, pacjenta [13, 16]. Jest 

z wykorzystaniem techniki komputerowej (CAD), w której zostanie 
na podstawie odzwierciedlaj

cej ubytek [10]. zabiegi operacyjne oraz .
ekonstrukcji oraz 

d-
ku, zwyrodnie dysplastycznych, przeszczepu czaszki, rekon-
strukcji twarzoczaszki itp.

Celem jest przedstawienie wykorzystania druku 3D w technologii przyro-
stowej 3DP (proszkowej), na potrzeby planowania (symulacji) zabiegów ortopedycznych 

operacji. W artykule p nologii 
addytywnych w medycynie oraz ci produktów wykonanych z h-
nologii. Zosta przedstawione szacunkowe koszty wydruków wraz z
oprogramowania koniecznego do obróbki modeli. Zaproponowano

bardziej odbior-
(pacjentów, lekarzy). 
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2. Wykorzystanie druku 3D w medycynie
Obecnie wykorzystanie druków trójwymiarowych do celów medycznych jest niemo

liwe z powodu zbyt wysokich kosztów
tego typu technologii [7] brak potrzeby lub obawy wykorzystywania 

zgodnie
[6, 13] e przebiegu operacji na podstawie wydrukowa-
nego modelu pacjenta [11, 14].W sposób 
samodzielny jest dobranie przez chirurga najlepszej dla pacjenta techniki operacji
[13] przez lekarzy symulowane na modelach w sposób reali-
styczny (rys. 1).

o-

technologii oraz

,
planowania operacji: 

·
w medycynie (implantologii, protetyce), 

· -informacyjnego dla lekarzy,
·
· promowanie a-

stosowaniu, wysokich kosztach i wysokiej ostatecznej cenie,
·

a) b)

Rys. 1. Zaplanowanie przebiegu operacji oraz dopasowanie implantu do wytworzonej miednicy wykona-
i rezultat wszczepienia implantu endoprotezy stawu 

biodrowego (b)

Obecnie informacje o zastosowaniu technologii przyrostowych do celów 
chirurgiczny powszechniejsze, zy jest coraz bardziej 

u operacji i projektowaniu [13, 14, 17].
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N wykorzystania technologii addytywnych jest zbyt wysoka cena
wykonania obiektu 3D. Wynika to z kosztu o-

pozyskanych z CT lub MRI, [7]. Ob-
róbka ta polega [20]
w wynik na tomografie komputerowym lub rezonansie magnetycz-
nym [7, 8].

czynniki produkcyjno- e e rze-

zost . K bloków jest to proces produkcyjny, a-
wymogi . Na ich podstawie

przeprowadzone 
w temu, wykonanie modelu 3D na podstawie obra-
zowania, powstaje w krótkim czasie i z niewielkimi odchyleniami od rzeczywistej tkanki
(rys. 2 i 3). Taka sama zasada dotyczy dalszych kroków w procesie produkcji.

Rys. 2. go obrazowania miednicy wraz z widocznymi artefaktami w modelu 3D

Rys. 3. Poprawiony model miednicy, oczyszczony z artefaktów
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3. brazowania medycznego
Obrazowanie medyczne pacjentów jest wykonywane tomografii kompute-

rowej oraz rezonansu magnetycznego. Przed zapisaniem wyniku obrazowania do formatu 
DICOM (Digital Imaging and Communications in Medicine) zostaje ono poddane obróbce 
przez radiologa. Surowy obraz (RAW) poddawany jest odpowiednim filtrom komputerowym 

o-
zowaniu, poprzez ich rozmazanie oraz wyostrzenie 

zostaje wykonywane progowanie obrazu 
obrazów 

CT lub MRI [20]. Artefakty te kilka przyczyn powstawiania. Mog :
wyniku , podczas 

pobierania danych przez CT lub MRI, w skutek poru-
sz lub badanego pacjenta

w szpitalu [20].

druku - thresholding ed obraz poprzez usuwanie
ych struktur, ych z [8].

D Medicum Uniwersytetu Ja-
Krakowie, . A. Urbanika 

(z ang. „surowy”, czyli niepoddany
) do DICOM [5]. W za

nych algorytmów. Uzyskany w ten sposób 
, . G

przekroi to 1 mm. Tak przygotowane obrazowanie zostaje zapisane do formatu DICOM,
a przy pomocy odpowiedniego oprogramowana, nas u-

odwrotna).

4. oprogramowanie

wykorzystanie komercyjnego oprogramowania. Niestety,
jest bardzo wysoka, przez co nie jest na takie oprogramo-
wanie. Ceny specjalistycznych programów od

, j-

Niestety obecnie e omawianych wydruków, 
roku sprze

brutto, o-
wadzenie powsz Cena produktu jest zbyt wyso-

medycznego.
-

Wykorzystanie 
do minimum – nadal 

samego oprogramowania wynosi 0 Ponadto oprogramowania o-
: od (rys. 4)

.
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Rys. 4. Generowanie modeli

Generowanie modeli przestrzennych (komercyjnym lub 
open-source) [4, 15]:

· ,
· ,
· funkcji do konwersji z danych dwuwymiarowych w formie pikseli na trój-

wymiarowe piksele zwane wokselami [12],
· wokseli do postaci obiekt

z obiektów zwanych werteksami [2],
· wygenerowane model artefakty,
· zapisa do postaci edytowalnego modelu 3D w formacie pliku stl, obj, calad 

(lub innym dowolnym powszechnie stosowanym formacie do przechowywania 
modeli 3D) [19].
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5. Wytworzenie modelu przy wykorzystaniu druku 3D
za p na proszkowej drukarce 

3D. na rynku. a-
niu kolejnych warstw proszku (pochodnego gipsu) lepiszczem, warstwa po warstwie. Dzi

, profesjonalnych drukarek. Czas wydruku to 

udowej przedstawionej na rysunku 5). Tak wydrukowany model zostaje poddany oczysz-
oddany zleceniodawcy.

Rys. 5.

6. Wnioski
W artykule przedstawiono zastosowanie druku trójwymiarowego w medycynie. Zale-

t wykorzystania tej technologii jest wytworzenie modelu, jaki jest widoczny w programie 
komputerowym. Technologie generatywn
w celu zaplanowania zabiegów operacyjnych na budowanym modelu

, jak i stosowanego opro-
gramowania jest zbyt do rozpowszechniania takiej metodologii badawczej na 

. Generuje to opracowania ta , ekwiwalentnej metodologii. Dla-
tego -source), które spowo-

. Jak 
ud znajduje zastosowanie do celów medycznych, zapew-

modeli o bardzo wysokim stopniu odzwierciedlenia rzeczywistego 
, przy jednoczesnej minimalizacji kosztów oprogramowania dozera.
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3D printing, as a tool for planning orthopedic surgery

Cykowska- 1 2

1 The Department of Laser Technology, Automation and Production Organisation, Mechanical 
Department, Wroclaw University of Technology, e-mail: malgorzata.cykowska@pwr.wroc.pl

2 Faculty of Interior Design and Service Department of Informatics Academy of Fine Arts in Kraków,
e-mail:pozga@asp.krakow.pl

Abstract: The purpose of the literature review is to determine the scope of 3D print-
ing, also known as RP (Rapid Prototyping) applications in manufacturing medical model 
based on CJP (Collor Jet Printing) technology, with emphasis on the use in orthopedic 
surgery planning. The research of the presented method will be focused on the financial 
aspect. Researchers accept as axiomatic fact that the main buyer of the MRP (Medical 
Rapid Prototyping) structure will be the patient while the recipient will be the doctor or 
surgeon that provides the operation.

Using available open-source software solutions and suitable method for the treatment 
of CT (Computed Tomography) scans based on filtering RAW files managed we to get the 
best or relatively good results allowing to exclude a human work from one of the most 
difficult and time-consuming processes. Total cost of 3D printings including all production 
processes and post-productions are about 50% lower than commercial rates (on free mar-
ket) for the model of: “oscoxae” including "osfemoris" (femur length not exceeding 20 cm). 
In our opinion it’s "relatively positive" effect.

Despite the success in the field of lowering the cost of 3D prints our work is still fo-
cused on reducing it (at least up to another 30%) by using automated-machine processing 
and tasks automation, as well as using another printing methods. Using 3D printings as a 
tools to help plan complex orthopedic surgeries make possible to extremely reduce the time 
of using instrumentation and the treatment time (comparing to similar surgeries carried out
without using 3D printings).

Keywords: Rapid Prototyping, 3D Printing, implants, surgery planning, addictive 
manufacturing.
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Streszczenie: ci (tzw. wagi) po-

newralgicznych elementów tego procesu. Na polskim rynku funkcjonu-

decyzji zakupu nowych o-
wych o-

w
denta.

1.
Wiele metod z obszaru optymalizacji wielokryterialnej w swoich algorytmach korzy-

sta ze danych kryteriów (tzw. wag). i-
ualnych preferencji decydenta w procesie optyma-

lizacji. Niektóre metody jak np. Analytical Hierarchy Process (AHP) t-
metody jak 

np. metoda Bellingera czy metoda Electre, w których czynników 
przez decydenta ich 

liczbowych. P izacji nie 
m ranking y
w danym algorytmie, indywidualne oczekiwania (preferencje) dane-
go decydenta. Zatem teriów 

sposób ich o
w sposób przejrzysty procedurze optymalizacyj-

nej. tania do 
tego celu znanej metody optymalizacyjnej DEMATEL. Sposób obliczania

wag) poszczególnych kryteriów przedstawiono w odniesieniu do procesu opty-
malizacji decyzji zakupu wykorzystywanych podczas 

.

2. do 
poszczególnych kryteriów

a niestety nie jest najbar-
dz w codziennej praktyce zawodowej

,2,3,4,5]. Spo
polskich uczonych szczególne znaczenie w jej rozpowszechnianiu ma M. Dytczak, który 
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optymalizacyjnych w szeroko rozu-
mianym obszarze budownictwa [6,7,8,9,10].

Clou
o o-

cztery etapy [7,8]. 
W pierwszym etapie zostaje utworzona macierz kwadratowa n ´ n zwana

macierz A) [7]:

11 1

21 2

1

...

...
... ... ...

...

n

n

n nn

a a
a a

A

a a

é ù
ê ú
ê ú=
ê ú
ê ú
ë û

(1)

(kryteriom lub warian-
tom) w

[8]. wyraz macie-
rzy a21 oznacza porównanie obiektu drugiego z obiektem a13 oznacza 
wynik porównania obiektu pierwszego z obiektem trzecim. Przy czym m d-

A „symetrycz ” tak jak 
w metodzie AHP [11].

W poszczególnych obiektów obiekty realizowany jest poprzez oce-
ny w skali e-
wielki, 2 to znaczny, a 3 to 
drugi [7] obiektów dany wyraz macierzy A przyjmuje war-

aii=0) [7], z A (dla 
porównania w metodzie AHP .

A 2), w wyniku 
której powstaje macierz znormalizowana B [7], [8]:

ij
1

max
n

i j

AB
a

=

=

å
, (2)

gdzie i to numer wiersza, j numer kolumny.
a-

cierz C) poprzez zsumowanie B [7]:
2 3 1... ( )C B B B B I B -= + + + = - , (3)

gdzie I n ´ n.
analizowanymi obiektami zarówno 

w
Jak podano w pracy [7] s D,

(4):
2 1( )D C B B I B -= - = - . (4)

pi i relacji ri
8]:
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i i ip x y= + , (5)

i i ir x y= - , (6)

gdzie xi i yi o-
wanej i- 7]:

i ij
1

n

j
x c

=

= å , (7)

i ji
1

n

j
y c

=

= å . (8)

pi tzw. danego obiektu w trakcie pro-
cesu porównania parami. I
obiektu.

ri natomiast ogólny charakter 
dominuje on 

8]. 
ri

ów wi. Aby 

i min
i

i min
1

2

( 2 )
n

i

r r
w

r r
=

-
=

-å
, (9)

gdzie rmin ri.
Zastosowany m ane ów

wi liczbami z przedzia od 0 do 1

3.

pojazdy firmy Star, Iveco, Jelcz, Kamaz, Mann, Volvo, Mercedes
i Scania. W pracy [12] y-

budowlanych 
pojazdom jednej z tych firm. W analizach tych [12] 
pojazdów charakteryz dopuszczaln podwozia 18000-19500 kg, 
rozstawem osi 3400- ojazdu 2400-
2800-3200 mm, p

zawracania (K4) i moc silnika (K5). W pracy [12] jednak u
poszczególnych kryteriów oceny na wyniki prowa-

optymalizacyjnych,
wszystkich kryteriów. niniejszej jeden 
z sposobów ustalenia rankingu wykorzystywanych kryteriów, y
w spo w opa
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kryteriów oceny (K1-K5) przedstawia-
a-

A (10) oraz w formie gra-
ficznej na rys. 1b. e-
rium nad drugim, przy czym im tego .

a) b)

Rys. 1. Graficzne przedstawienie o-
wanego przypadku obliczeniowego .

W przypadku zadania analizowanego w niniejszej pracy ocena znaczenia
danych kryteriów oceny wariantów decyzy
kryteriów (aii), 1 dla niewielkiego, 2 dla znacznego, a 3 dla 

subiektywnie 
danego kryterium .

0 2 0 1 0
0 0 0 0 0
1 3 0 2 1
0 1 0 0 0
1 3 0 2 0

A

é ù
ê ú
ê ú
ê ú=
ê ú
ê ú
ê úë û

(10)

Wiersz trzeci macierzy A
go rankingu kryteriów za-

prezentowanego na rys. 1a.
macierzy A znormalizowano j B, która przyj

0,0000 0,2857 0,0000 0,1429 0,0000
0,0000 0,0000 0,0000 0,0000 0,0000
0,1429 0,4286 0,0000 0,2857 0,1429
0,0000 0,1429 0,0000 0,0000 0,0000
0,1429 0,4286 0,0000 0,2857 0,0000

B

é ù
ê ú
ê ú
ê ú=
ê ú
ê ú
ê úë û

. (11)

utworzono
obiektów C (12) o xi
i kolumnowych yi pi i relacji ri przedstawione w tabeli 1. Na rys. 2 

niniejszych [8].
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0,0000 0,3061 0,0000 0,1429 0,0000
0,0000 0,0000 0,0000 0,0000 0,0000
0,1633 0,5864 0,0000 0,3499 0,1429
0,0000 0,1429 0,0000 0,0000 0,0000
0,1429 0,5131 0,0000 0,3061 0,0000

C

é ù
ê ú
ê ú
ê ú=
ê ú
ê ú
ê úë û

. (12)

Tabela 1. sum wierszowych xi i kolumnowych yi pi i relacji ri
war wi

Kryterium
Sumy W

wiwierszowe xi kolumnowe yi pozycji pi relacji ri
K1 0,4490 0,3061 0,75510 0,14286 0,2092
K2 0,0000 1,5485 1,54852 -1,54852 0,1000
K3 1,2424 0,0000 1,24240 1,24240 0,2802
K4 0,1429 0,7988 0,94169 -0,65598 0,1576
K5 0,9621 0,1429 1,10496 0,81924 0,2529

pi
rankingu)

ri
kryterium i-tego w rankingu

z tabe y na rys. 1a ranking kryteriów oceny (K1-K5).

Rys. 2. pi i relacji ri dla analizowanych kryteriów

i-
wi.

ty na rys. 1a ranking kryteriów oceny (K1-K5).
wska

ników relacji ri oraz wi. Z przeprowadzo-
wynikami dla wszystkich pi ciu wybranych 

przypadków o fakcie, mimo przeprowadzonych 
,
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Tabela 2. Porównanie relacji ri oraz wi

e-
riów

dla 
ów

relacji ri

ów wa
wi

K3 - K5 0,4232 0,0273
K1 - K4 0,7988 0,0516
K3 - K1 1,0995 0,0710
K5 - K4 1,4752 0,0953
K3 - K2 2,7909 0,1802

4. Podsumowanie
wi po-

metody naukowej, a nie tylko samej intuicji decyden-
ta. Metoda DEMATEL oparta jest na prostym algorytmie obliczeniowym, przez co wydaje 

„przyjaznego” 
proces decyzyjny. Zastosowanie powszechnie stosowanego arkusza kalkulacyjnego MS 

W zaprezentowa-
nym algorytmie meto a-

poszczególnymi kryteriami
a-

ne poprzez wprowadzenie, na wzór metody AHP, a konsekwencji 
.
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Evaluation of the decision maker's preferences 
in the selection means of transport

Artur Duchaczek

-mail: a.duchaczek@wso.wroc.pl

Abstract: In the process of optimizing each criterion validity coefficients allow to 
take into account individual preferences of the decision maker. They are therefore one of its 
most important elements of this process. On the Polish market works very diverse range of
vehicles. For the calculation of the validity coefficients for the optimization of the choice of 
means of transport used DEMATEL method. The application presented method resulted in
a quantitative consideration of the actual decision-maker preferences based on fairly simple
scientific method, and not only the intuition of the decision maker.

Keywords: DEMATEL method, optimization, logistics, transport means.
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Architektura uzdrowiskowa Krynicy Zdrój

Paulina Filas-

Warszawska, e-mail: paulina@filas-zajac.pl

Streszczenie: e-
stów jak i geografów, w pracach badawczych obserwuje 

p
fizycznej i psychicznej po wypadkach i leczeniu szpitalnym, podtrzymanie aktualnego stanu 

a-

propagowanie i szerzenie edukacji pozazdrowotnej.

z jego funkcji i jest efektem wielowiekowych

naturalne surowce (wody mineralne, peleoidy lecznicze: abiolity- sapropele, gytie, osady 
– torfy o-

nny i formy architektoniczne. 
i-

tektoniczno-urbanistyczne, które zosta
Zdrój.

architektura uzdrowiskowa, Krynica Zdrój, domy wypoczynkowe, 
projektowanie uzdrowisk.

1. Wprowadzenie
y znane

od czasów najdawniejszych w Grecji, Egipcie czy w Rzymie jako popularne termy. Na 
o i stosowano

lecznicze wód mineralnych. 
,

w Polsce pierwsze zdrojowiska wzorowane
renomowanych zdrojowiskach zachodnioeuropejskich
i rozrywkowym. 

a-
: i-

powoli -pensjonatowa 
uzdrowiska.
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i-

i-

i
[11].

drewnianych pensjonatów 
w charakterystycznym stylu szwajcarsko-tyrolskim.

e-
nia obiektów drewnianych na poczet architektury murowanej. Z

jest on bardziej awangardowy, znika
charakterystyczny dla drewnianej architektu

ego, drewna 
i na

kluby, sale balowe, zaciszne, kameralne i ekskluzywne pomieszczenia towarzyskie dla 
ówczesnych elit.

ch w stylu modernistycz-

a-

sanatoriów oraz walory klimatycz

uzdrowiskowych

2. Rozwój architektury drewnianej Krynicy Zdrój
,

bogactwo wód mineralnych: leczniczyc

a-

etapem rozwoju Krynicy jak
l-

. Wznoszono 
1-2 kondygancyjne pensjonaty i wille w stylu szwajcarsko-tyrolskim tzw. Bulwary Dietla 

.
Pierwsz i rozwojem architektury 

od XIX wieku. W roku 1804 wzniesiono pierwszy budynek 
Mineralnych, tzw. , a w 1808-1812 roku pawilon Pijalni nad Zdrojem 

Burggalera –
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2. Rozwój architektury drewnianej Krynicy Zdrój
,

bogactwo wód mineralnych: leczniczyc

a-

etapem rozwoju Krynicy jak
l-

. Wznoszono 
1-2 kondygancyjne pensjonaty i wille w stylu szwajcarsko-tyrolskim tzw. Bulwary Dietla 

.
Pierwsz i rozwojem architektury 

od XIX wieku. W roku 1804 wzniesiono pierwszy budynek 
Mineralnych, tzw. , a w 1808-1812 roku pawilon Pijalni nad Zdrojem 

Burggalera –

parterow z-

skiego
Na polu drewnianej architektury XIX wiecznej Krynicy Feliks Ksi
, który jest autorem kilku wybitnych obiektów o funkcji uzdrowiskowej. j-

szym w Krynicy budynkiem jego autorstwa , wybudowane 
w latach 1857 – 66. 

on z trzech dwutrakt – frontowe
o

m, a nad ryzalitami bocznymi analogicznie uproszczone 
.

Eklektyczna zabudowa ienek Borowinowych z 1880 r. jest tak
Feliksa

oniczna w formie pilastrów 
onych otworów okiennych i drzwiowych 

oraz pozornego boniowania w tynku [12].

czasów budynku Starej Pijalni. Wybudowana w 1869 r. drewniana budowla
z – obudowy zdroju oraz krytego deptaka w formie otwartej galerii.

Do ch krynickich architekt architekta Jan Zawiejskiego 
autora jednego z najbardziej znanych budynków – Domu Zdrojowego oraz zaprojektowa-
nego w1884 roku y Dr Henryka Ebersa.

Rys. 1. -dom-zdrojowy krynica_zdroj.fotopolska.eu

W 1884 arch. Jan Zawiejski wraz z arch. Julianem Niedzielskim wygrali konkurs na 
Starego Domu Zdrojowego. Pierwotn nazw „Dworzec 

Zdrojowy” i w
Budynek jest murowany trzykondygnacyjny, gmach zaprojektowano na 
z o bocznymi. 
w parterze
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w tynku. a
a

w cnym skrzydle Starego 
Domu Zdrojowego aw [12].

3. Architektura murowana Krynicy Zdrój
murowanych budynków 

uzdrowiskowych.
dla Krynicy obiektem zrealizowanym w latach 1924-1928 a-

zienki Mineralne projektu architekta y awa Klimczaka.
a-

mi na osi, elementem charakterystycznym jest usytuowa

éco –
autorstwa 

krakowskiego malarza Jana Bukowskiego.

Rys. 2. San

W 1929 r. wzniesiono t-
nych ze Lowowa Sanatorium Lwigród. Konkurs na wybitny architekt 

Sanatorium nosi znamiona stylu neorenesansowego i eklektycznego 
Elementam

jak dla tamtych czasów imponuj
dynku. o marmurami 

i elementami fornirowanymi, przez cykl 
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W 1929 r. wzniesiono t-
nych ze Lowowa Sanatorium Lwigród. Konkurs na wybitny architekt 

Sanatorium nosi znamiona stylu neorenesansowego i eklektycznego 
Elementam

jak dla tamtych czasów imponuj
dynku. o marmurami 

i elementami fornirowanymi, przez cykl 

ego
dekoracyjne panneau z scenami ogrodowymi autorstwa Kazimierza Sichulskiego.
W budynków 

o
W 1981 roku 

sanatorium e a d
Lwigród urowany.

Jednym z najokazalszych budynków Krynicy jest Nowy Dom Zdrojowy zaprojektowa-
ny w latach 1939 r. przez architekta Witolda Minkiewicza. Prezentuje on styl moderni-

,
ystyczny 

dla lat trzydziestych styl. acji, 
z

. w nucie 

z

Rys. 3. Nowy Dom Zdrojowy archiwum

prof. Adolfa Szyszko –
Bohusza jest to Oficerski Dom Wypoczynkowy wybudowany w latach 1931-39. W ostatnim 
czasie obiekt enie 
pierwotnej tkanki architektonicznej.

W nych willi, do 
k-

architekta Bohdana Pniewskiego sowy
hotel w stylu modernizmu. z w tym 
marmury i alabastry, drzwi obrotowe, winda z lat 30. XX w., centralne ogrzewanie, taras 

p – wille, pensjonaty i hotele Krynicy 
i innych uzdrowiskach odbierane 

niszczenie.
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Utworzony w Polsce w 1957 r. tzw. Fundusz Wczasów Pracowniczych, na 
rozwój nowego typu obiektów architektonicznych .

- Sanatorium Silesia
z pierwszych tego typu realizacji w Krynicy. Wybudowany w 1963 roku budynek,

kondygnacji. . Na pierwszej kondy-
,

zaprojektowano , przezna

Rys. 4. Pensjonat Silesia. 3

w
w

osób.
o-

la nowej dzielnicy uzdrowiskowej zlokalizowanej na 

wysoko - ie 

m

o funkcji sanatoryjno- e-
ni
prostopadle do warstwic,
i
tworzenie d
powietrza [8].
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Utworzony w Polsce w 1957 r. tzw. Fundusz Wczasów Pracowniczych, na 
rozwój nowego typu obiektów architektonicznych .

- Sanatorium Silesia
z pierwszych tego typu realizacji w Krynicy. Wybudowany w 1963 roku budynek,

kondygnacji. . Na pierwszej kondy-
,

zaprojektowano , przezna

Rys. 4. Pensjonat Silesia. 3

w
w

osób.
o-

la nowej dzielnicy uzdrowiskowej zlokalizowanej na 

wysoko - ie 

m

o funkcji sanatoryjno- e-
ni
prostopadle do warstwic,
i
tworzenie d
powietrza [8].

Rys. 5. Dzielnica uzdrowiskowa na Górze Parkowej 7, nr 8

Rys. 6. 7.
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Ciekawym obiektem jest Sanatorium Budowlanych – obecnie Sanatorium Panorama,
wybudowane w latach 1968-72. Budynek 

jnie 
a-

czeniem dla
(gabinety lekarskie, laboratori - a-

-
zlokalizowa

i jadalnie kuracjuszy, od strony wschodniej i zachodniej m
i

[2].

Rys. 7. o: Architektura 1973, nr2, foto P. Filas-

budynek Nowej Pijalni
nnej Krynicy

.
o-

wego Domu Zdrojowego oraz muszli koncertowej. Budynek cerowej 
o powierzchni ok 2400 m2, która i

do której doprowadzono 
oraz Sali koncertowej na 350 miejsc. 

dnoprzestrzennej, dwupoziomowej hali jednonawowej hali 
o

kuracjuszom picie wody podczas spaceru. a
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ceramiczna autorstwa Krystyny Zgud – Strachockiej.
-

W
– –

– uzdrowiska [6].
e-

o-
wano m niej .

ono 
ynica oraz 

Prezydent. 

4. Wnioski
a-

kunsztowne i klimatyczne drewniane wille poprzez okazalsze Domy Zdrojowe, luksusowe
pensjonat, nowoczesne pijalnie i wielkogabarytowe sanatoria, to wszystko 

a-
owom 

, a,
wykonywana bez wiedzy i nadzoru przebudowa powoduje zanik 
historycz
w i-
skowych. 

dzisiaj rola planowania przestrzennego – Planów Miejscowych, które 
poprzez zapis, znej, 

tym samym skuteczn dziedzictwa kulturowego uzdrowiska jakim jest 
Krynica Zdrój.
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Architecture of spas in Krynica Zdroj

Paulina Filas-

Faculty of Architecture, Warsaw University of Technology, e–mail:paulina@filas-zajac.pl

Abstract: Research on the spatial shape of spas lies in the field of interest of archi-
tects, urban planners and geographers. The research shows a link between the role of spas 
and the process of economic development of the region and the town, mainly in the field of 
tourism.

Spa town is based on the assumption that various human health needs are supported 
there. For example spa provides conditions to restore physical and mental health after 
accidents and hospital treatment, it maintains the present state of health in chronic diseases,
provides prophylactic examinations to enhance immunity and should prevent diseases of 
civilization or mitigate the effects of such diseases.

Spas also aim at promoting and spreading education not only related to health. The 
spatial shape of a spa derives from its function and is the result of a centuries long forming 
of these systems. They are located in places, which are richly supplied with natural healing 
factors such as: natural resources, and environmental factors such as: the natural environ-
ment, climate, forestation, sea, landscape, cultural environment of the region and the spa 
town, spatial layout and architectural forms.

In addition to the essential function they perform, they are also very interesting archi-
tectural and urban designs, which have been discussed through the example of Krynica 
Zdroj town.

Keywords: architecture of spas, health resorts, modern architecture, cultural heritage 
protection.
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cementowy

Monika Jaworska

–mail: monikajaworska@o2.pl

Streszczenie: W artyk ekspansji
w roztworze Na2SO4, dyfrakcji rentgenowskiej oraz mikroskopii skaningowej zapraw na-
powietrzonych i nienapowietrzonych z dodatkiem p
i wapiennego. W roztworze Na2SO4 ekspansji 
i k-

produktami korozji siar
korozja siarczanowa, zaprawy napowietrzone, pory powietrzne, po-

.

1. Wprowadzenie 
1.1. Korozja siarczanowa

o-
sobu niszczenia – k-

o-

c

W
cymi r wodorotlenek wapnia, uwodniony glinian i monosiar-

–3):

Ca(OH)2 + Na2SO4.H2O CaSO4.H2O (1)

C3A.Ca(OH)2.12H2O + 3Na2SO4 + 2Ca(OH)2 + 20H2O
3A.3CaSO4.32H2O + 6NaOH (2)

C3A.CaSO4.12H2O + 2Na2SO4 + 2Ca(OH)2 + 20H2O
3A.3CaSO4.32H2O + 4NaOH (3)

y-
mi glinianami, co doprowadzi do powstania ettringitu, który jest jeszcze bardziej ekspan-
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skutki korozji. Najbardziej odporna -S-H, która ulega rozpadowi 
dopiero po wyczerpaniu wodorotlenku [1].

1.2. Mikrosrtuktura napowietrzonego zaczynu cementowego

niszczenie mrozowe. Destrukcja

w

e-
u-

tecznie chroni beton przed niszczeniem mrozowym. Pr -
01 [2 3–7.5% l-

W
e-

20– 3 o-

– – óra jest budowana z fazy C-S-H i nie zawiera port-
landytu. k wapnia do krzemu fazy C-S-H
w otoczce jest równy 1,1 [3]. Na powierzchni 

gitu. Mikrostruktura otocz-
n-
–

30 o-
wietrzny-zaczyn [4,
i a-

a-

, wzrost dyfuzji ga-

Olek [6] na postawie 
a-

1.3.
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z o-
frakcje niewychwytywane przez elek-

trofiltry) [7].

1.4.
w pale-

-wirowych w temperaturze 1300–1450
- o-

V 2/g wg Blaine'a. 

b-
8,9 V

2
9] i tlenku glinu AL2O3

2O3, SO3, MgO, Na2O, K2

8]. Wysoka o-
o-

-glinowo- potasowe [8]. Podczas reak-
oraz powstawanie nisko wap-

niowej fazy C-S-H i C-S-A-

Rys. 1. Dyfraktogram

1.5.
e-

go w ko p-
0% masy), reaktywnego dwutlenku krzemu SiO2
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masy), tlenku glinu AL2O3

10
r-

2S, C12A7, C2F, 
C4A3
czego -S-H [7]. 

Rys. 2. Dyfraktog

iaren. Ziarna bar-

dominuje kwarc [11 e-
otnego krze-

–40%) oraz jonów SO3 do 7% [7,8
hydrauliczno-

-S-H i C-S-A-H te same co w popiele krzemionkowym. Faza C-S-H po-

powoduje powstawanie ettringitu.

2.

r-

i-

XRD.
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2.1. Charakterystyka badanych zapraw

(V) i wapienny (W odzajów zapraw wykonywanych z cementu 

o-
i-

d wagowy analizowanych zapraw

[%]
ementu 

[g]
V

[g]
W

[g]
CEM I 100% 500 0 0

CEM I 80%+V20% 400 100 0
CEM I 60%+W20% 400 0 100

2.2.
-EN 196-1:2005. 

mm po 28 dniach dojrzewania w wodzie oraz po 110, 360, 550 dniach przebywania próbek 
w 5% roztworze siarc -Kaufmana wykonano badanie 

beleczek o wymiarach 20×20×160 mm przechowywanych w 5% roztworze Na2SO4. Próbki 

beleczek wykonywano co 4 tygodnie. Badanie to jest wykonywane zgodnie z PN-B-19707. 
dyfrakcji 

rentgenowskiej i mikroskopu skaningowego. Zaw

o po 3.

3
Na rysunku 3

dojrzewania próbek w wodzie oraz po 110 i 360 dniach przebywania w Na2SO4 oraz na 

po 28 dniach o-

i-
czne zapraw [12]. Po 110 dniach przebywania w roztworze siarczanu sodu 

o-

dniach przebywania próbek w roztworze, w przypadku zapraw o-

y-
2SO4
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Rys. 3.

Na rysunku 4 przedstawiono odks o-
nych w roztworze siarczanu sodu. Wszystkie próbki zaprawy napowietrzonej z cementu 

Próbki zaprawy nienapowie-
po-

em krzemionkowym e równe 6‰. 
V oraz napowietrzone i nienapowietrzone 

z W s-
pansji. Zaprawa nienapow
z

nienapowietrzone, 
w których dodano popió W

-

-S-H w reakcji pucolanowej oraz w opó

Zdaniem niektórych [13 o-
o-

-S- o-
a-

W.
Analiza dyfraktogramów (rys. 5– a-

z
a-

reakcji pucolanowej –
w n-
tu portlandzkiego
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Rys. 4. óbek 20x20x160 mm

Rys. 5. Dyfraktogram zapraw wykonanych z cementu portlandzkiego po 110 dniach przebywania 
w 5%Na2SO4 ( czas rozpadu zaprawy napowietrzonej)

Rys. 6. Dyfraktogram zapraw z cementu port-

krzemionkowego po 110 dniach przebywa-
nia w 5%Na2SO4

Rys. 7. Dyfraktogram zapraw z cementu port-
a-

piennego po 110 dniach przebywania w 
5%Na2SO4
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Rys. 8. tnych wapiennych przecho-
wywanych w roztworze 5% Na2SO4, obserwowana pod mikroskopem skaningowym

Wyniki badania (rys. 8

8 o-

W nienapo-
8

-S-H.

Rys. 9. Mikrostruktura napowietrzonych zapraw z cementu portlandzkiego przechowywanych w roztwo-
rze 5% Na2SO4 obserwowana pod mikroskopem skaningowym

e-
mentu portlandzkiego poddanych agresji Na2SO4 przedstawiono na rysunku 9. W napowie-
trzone

i-
a-
n-
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3 r-
wowano

j-
i-
a-

mikrorys i lo
d-

-S- -S-

4. Wnioski
W roztworze Na2SO4 napowietrzone zaprawy z cementu portlandzkiego i cementów 

wykonane 

a-

z-
czalne dla roztworu siarczanowego.

reakcji pucolanowej i hydraulicznej dodatkowej fazy C-S- t-
tko-

wej fazy C-S- u-

powstanie ettringite i gipsu. 
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Sulphate resistance of air entrained mortars 
with admixture of fly ashes
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Abstract: The effects of entrained air on sulphate resistance of fly ash blended ce-
ments mortars long term immersed in Na2SO4 solution were investigated. The expansion 
strains and decrease in strength of air entrained mortars were faster than those of non-air 
entrained ones. It was found with SEM and XRD analyses that ettringite and gypsum were 
the main sulfate attack products. The SEM studies of mortars microstructure showed that 
the highest amount of ettringite observed occurred in air voids partially filled with this 
phase. The sulphate resistance of AE and nAE mortars containing high or low calcium fly 
ash blended cements was significantly higher compared to plain OPC mortar.

Keywords: sulphate attack, air voids, air entrainment, mortars, fly ashes.
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Abstract: The paper gives coverage on approach to the optimization of selection 
process of constituents for high performance concrete (HPC) and mortars. There is shown 
the example selection of cement, mineral and chemical admixtures, as the most costly and 
influential on concrete, from the point of their maximum efficiency, measured by 
flowability and compressive strength increasing indexes. Method combines models for 
determination of activity indexes with simple stochastic equations obtained at mathematical 
treatment of experimental results.

Keywords: high performance concrete, mortar, chemical admixture, mineral 
admixture, superplasticizer, metakaolin, activity index.

1. Introduction
There exist different guidelines and methods of constituents’ selection for concrete

and mortars, both regulatory and advisory [1-4]. 
Any recommendations require preliminary laboratory batching that usually deals with

selection process of constituents types and their rational proportioning. Modern production 
technologies of HPC and mortars include obligatory using reactive mineral and high range 
water reducing admixtures (HRWR) or composite admixtures based on them and require 
rational selection of binders as well as aggregates [5,6]. Application of such admixtures
aims to reduce cement consumption and viscosity of fresh mixtures, increase strength, 
improve durability of hardened concrete and mortar [6,7]. Cost, energy and resources 
consumption of admixtures as well as cement are rather high, comparing to aggregates.
Therefore, an important aspect of such cement-based systems is judicious choice of 
constituent materials aimed to obtain economical concrete and mortar [7].

In this connection, important aspect of simultaneous application of different 
admixtures in cement-based systems is their compatibility with each other and with cement.
Testing thermokinetic parameters of cement hydration is an effective method for estimation
of compatibility [8]. These parameters allow prediction a series of properties for cement 
and concrete [9]. Thus, such method along with its high accuracy requires special 
equipment.

There are known other parameters suggested for measuring effectiveness of mineral 
admixtures as well as their combinations with HRWR [10-14]. Thus the parameters,
representing combined effect of cement and admixtures on flowability of fresh concrete and 
concrete strength, are the most adoptable to practical concrete manufacturing conditions
[14,15]. Deterministic dependencies for calculation of these parameters can be incomplete 
as they do not take into account some uncertainties. Whereas stochastic equations consider 
probabilistic distribution of factors values.
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Therefore, it was suggested to use these simple deterministic equations and 
experimental models for estimation of efficiency of HPC and mortars constituent materials.

Comparatively widespread in Ukraine constituents were under consideration: local 
Portland cement, one of the most common superplasticizers S-3 of naphthalene 
formaldehyde type and metakaolin, obtained by dehydroxylation of kaolin clays, a highly 
reactive aluminosilicate mineral admixture. There are massive deposits of kaolin are 
located in Ukraine as well as several manufacturers of metakaolin [16].

The effect of metakaolin on high performance concrete and mortars is comparable to 
that of silica fume in terms of strength development rate, chloride ions permeability, drying 
shrinkage, frost resistance [4,17]. At the same time, metakaolin has some advantages 
comparing to silica fume. It does not darken concrete as silica fume does. Therefore, the 
architects prefer it. Due to lower specific surface than silica fume, metakaolin has lower 
water requirement and therefore reduced dosages of high range water reducing (HRWR) 
admixtures [4]. As Ukraine does not have any internal sources of silica fume, it makes 
metakaolin the only common local reactive mineral admixture.

Most of the researches prove that pozzolanic activity of metakaolin is slightly lower 
than that of silica fume [4], thus it corresponds to the activity of natural volcanogenic
pozzolans and calcined natural pozzolans [18,19].

2. Aim and scope of the research
The aim of current research was the solving the problem of rational selection of main 

concrete components (Portland cement, mineral and chemical admixtures as components of 
composite dry pack modifier) for further investigation of fresh and hardened concrete 
properties. On a whole, binders and admixtures as reactive components are considered the
most influential on concrete and mortars properties. They are also the most expensive 
components. Therefore, the rational selection of their type and amount is one of the key 
aspects of concrete and mortar technology.

The results of the research can be spread on other cement-based systems containing 
mineral additions and chemical admixtures (like building mortars, grouts etc.), mostly they 
are vital for high performance cement-based systems.

3. A method for determining the efficiency of cement and admixtures
Due to high water consumption, most of reactive mineral admixtures are effective 

only at presence of high dosages of HRWR admixtures – superplasticizers, even if they 
substitute cements partially [4]. Therefore, a meaningful efficiency factor is strength 
increase, obtained by increasing the SP dosage and reduced cement content. 

For determination of the efficiency of constituents there has been applied a method 
developed by prof. V.G. Batrakov at alias and stated in specification for composite concrete 
additions containing HRWR and mineral admixtures [20]. The method was selected due to 
simplicity of its implementation and unambiguity of the interpretation of received results.

There were prepared mortars of following proportion according to the requirements of 
specification:

1) control – without any admixtures at weight ratio C(ement):S(and)=1:3;
2) basic – with composite modifier at weight ratio;
C(ement):A(ddition):S(and)=0.9:0.1:3
where C – cement, S – sand, A – composite addition, consisted of superplasticizer and 
metakaolin. There was fixed proportion between superplasticizer and metakaolin as 
0.1:0.9 in the research.
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Water-binder ratio of all basic mortars was equal to control one. Water binder ratio 
means ratio between water and cement (cement+admixtures) weight.

According to this method, activity indexes of composite admixture consisted of 
superplasticizer and metakaolin, are following:

1) coefficient of flowability increasing for basic mixtures is determined as follows: 

100b c
f

c

D DK
D
-

= ´ , (1)

where Db – spread diameter of the basic mortar, mm; Dc – spread diameter of the control 
mortar, mm.

2) coefficient of strength increasing of basic mortar is determined as follows: 

100,
b c
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s

R RK
R
-
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where Rs
b – compressive strength of the basic mortar, MPa; Rs

c – compressive strength of 
the control mortar, MPa. 

4. Materials properties 
During research, following materials were used. As basic components there were used 

local Portland Cement CEM I 52.5 DIN 11641, EN-196 and quartz sand. As mineral 
component of composite admixture metakaolin was used. HRWR of naphthalene 
formaldehyde type S-3 was used as chemical component of composite admixture.

As it has been proven by researches [21, 22], the application of pozzolanic admixtures 
is more effective for pure Portland cement without mineral admixtures. The additions
presented in cements of types II-V react themselves with clinker minerals, forming 
additional amount of hydrated compounds. Therefore, it may lead to reduction of the effect 
of reactive mineral additions like metakaolin. 

Table 1. Chemical and mineralogical properties of the cements. % by weight

No. Property Formula Value
PC1 PC2

1 Calcium oxide CaO 67.15 65.58
2 Silicon oxide SiO2 21.70 22.05
3 Aluminum oxide 2O3 5.36 4.73
4 Ferric oxide Fe2O3 4.10 4.42
5 Ferrous oxide FeO - 0.06
6 Magnesium oxide MgO 0.74 1.62
7 Cl – ion content - - 0.012
8 Insoluble residue IR 0.28 0.1
9 Loss on ignition LOI 0.34 0.28

10 Lime saturation factor LSF 0.94 0.91
11 Silica modulus n 2.34 2.41
12 Aluminous modulus p 1.31 1.07
13 Tricalcium silicate C3S 65.17 60.01
14 Dicalcium silicate C2S 13.06 18.30
15 Tricalcium aluminate C3A 7.26 5.03
16 Tetra-calcium aluminoferrite C4AF 12.46 13.43
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Portland cement. Two kinds of local cement have been under research. Their 
chemical and mineralogical composition is given in Tab. 1, physical and mechanical 
properties – in Tab. 2. Portland cement lettered as PC1, according to its mineralogical 
composition is medium alumina cement, which is typical for Ukrainian cement industry. 
Another Portland cement, lettered as PC2, is low alumina cement. 

3 1. In 
addition, PC1 has lower value of normal consistency due to its lower specific surface.

Table 2. Physical-mechanical properties of cement

No. Property Value
PC1 PC2

1 Fineness (008 sieve fraction content), % 5 1
2 Specific surface by Blain, m2/kg 330 350
3 Normal consistency, % 24.0 27.5
4 Setting time: initial

final
1 h 35 min
3 h 45 min

3 h
5 h

5 Uniformity of volume change stands the test stands the test
6 Flexural strength, MPa:

2 days
28 days

5.65
8.75

4.83
9.70

7 Compressive strength, MPa:
2 days
28 days

23.70
54.00

19.38
53.80

8 Additions: gypsum, % 3.5 5.5

Quartz sand. For preparation of mortars there was used quartz sand. Properties of 
sand are given in Tab. 3.

Table 3. Physical properties of quartz sand
Density,

g/cm3
Bulk density,

kg/m3
Voidage,

%
Water demand,

%
Dust and clay 

particles, less than %
Fineness 
modulus

2.645 1485 43.8 7 2 2.03

Superplasticizer. According to standard classification ASTM C494 superplasticizer
S-3 of naphthalene-formaldehyde type belongs to chemical admixtures of type F water-
reducing, high range admixture.

Content of "active substance" in HRWR is not less than 69%, ash content – less than
of aqueous solution with concentration 2.5% – 7…9. There was also used 

superplasticizer S-3, modified by defoarming agent PTV (polyethylene vinylene) in the 
amount 0.01% by superplasticizer weight. Defoarming agent is added for elimination of 
excessive air-entraining in concrete and mortars, which caused by mineral admixture as 
well as by high dosages of HRWR, characteristic of high-performance concrete. Such 
additional compaction of the mixture leads to increasing of strength and durability 
parameters of concrete. Therefore, such composite admixture solves complex problem of 
simultaneous high water reducing or reduction of water demand at minimal air-entraining.

Superplasticizer S-3 is lettered as SP1, another one modified with defoamer is lettered 
as SP2.

Metakaolin belongs to type N – calcined natural pozzolans according to ASTM C 618
classification. There were used three metakaolin samples made on local kaolin of AKW 
Ukrainian Kaolin Company (Glukhovetsky kaolin plant, Glukhivtsy, Vinnitsa region, 
Ukraine). Three samples of metakaolin lettered as MTK1, MTK2, MTK3, manufactured by 
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Euroresource Corp. (Kiev, Ukraine) varied in chemical composition and physical properties 
(see Tab. 4-6). Engelhard Corporation (Iselin, New Jersey USA) manufactured metakaolin 
as a trademark Metamax EF; the sample is lettered as MTK4.

Samples of metakaolin #1-3 were ground to obtain dispersity, equivalent to sieve 
#0045 residues less than 0.3%. 

Method of laser granulometry was used for particle-size distribution of metakaolin. 
Results are given in Tab. 5 and in Fig. 1. 

Table 4. Chemical composition of metakaolin samples

Sample
Oxides content, %

SiO2 Al2O3 Fe2O3 TiO2 CaO MgO MnO Na2O K2O P2O5 LOI
MTK1 52.5 42.20 0.34 0.70 0.30 0.25 0.01 0.10 0.90 - 0.50
MTK2 54.6 40.25 0.78 1.08 0.28 0.28 0.01 0.08 0.60 0.04 0.48
MTK3 52.5 42.20 0.34 0.70 0.30 0.25 0.01 0.10 0.90 - 0.50
MTK4 53.0 43.00 <1.20 <1.5 0.10 <0.1 - <0.05 <0.4 - <1.0

Table 5. Particle-size distribution of metakaolin samples

Sample < 63 µm < 30 µm < 15 µm < 5 µm < 2 µm d50, µm d90, µm
MTK1 100 87.26 74.28 55.63 38.03 3.62 34.65
MTK2 100 98.49 88.20 61.60 43.10 2.83 16.30
MTK3 100 97.02 85.45 64.64 48.30 2.18 18.97
MTK4 100 100 99.36 92.20 73.00 1.04 4.30

Note. d50 and d90 –diameters of conventional cell, through which 50% and 90% (vol.) 
of metakaolin sample pass.

The data above show, that metakaolin under test has particle size up to 60 µ
Samples MTK1 – MTK3 have substantial volume of particles of 1 µm and 60 µm with 
medium fraction deficiency (5-10 µm).Sample MTK4 has higher uniformity of particle size: 
most of the particles have diameter from 0.5 to 50 µm.

Fig. 1. Particle-size distribution of metakaolin: 1 – 1; 2 – 2; 3 – 3; 4 – 4

Specific surface was determined by calculating method on basis of the particle size 
distribution data. Pozzolanic activity of metakaolin was determined by CaO absorption.
Physical and chemical properties of metakaolin samples are given in Tab. 6.
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Table 6. Physical and chemical properties of metakaolin

Sample
Specific surfaces

(by mass),
m2/kg

Density,

g/cm3

Bulk density,

kg/m3

Normal consistency,

%

Pozzolanic activity, 
mg/g (by CaO 

absorption)
MTK1 1380 2.50 400 43 19
MTK2 1670 2.50 410 46 26
MTK3 1800 2.50 350 54 25
MTK4 2590 2.50 280 60 42

As it is shown in Tab. 1 3 have the same chemical 
2 slightly 

differs from them, thus the total amount of reactive silica and alumina is almost equal
(94.7% against 94.85% fo 1 and 3). Sample MTK4 has highest amount of SiO2
and Al2O3 (96%) and highest specific surface. Due to high specific surface, this sample 
demonstrates highest normal consistency and pozzolanic activity.

As data reveal, increasing of specific surface of metakaolin leads to its regular 
increasing of normal consistency and increasing of pozzolanic activity. That is mostly the 
reason for opening of new active surfaces of metakaolin grains as well as possible surface 
amorphization during deep grinding [23].

5. Specimens preparation, storage and testing
Mixes have been prepared according to standard requirements adapted to such 

mortars with admixtures [24]. Error of batching by weight was less than 1%. 
Electric mixer was used for mortars preparation. Cement, modifier (where required) 

and 1/3 of sand were mixed during 1 min. In dry mix water was added, and then mixed 
during 1 min. Then 2/3 of sand was added and mortar was mixed during 3 min.

Water-binder ratio in control mortar should be sufficient for flow spread diameter 
equal 113-114 mm. 

At the 1st stage of research have been conducted series of comparative experiments on 
determining the influence of superplasticizer on air-content of the mortars. SP1 and SP2,
Portland cement PC1 and 2 were used. Composite admixture content was
10% by binder weight. Superplasticizer content was fixed at the level 5, 10 and 15% by 
composite admixture weight (0.5, 1.0 and 1.5% correspondingly by binder weight).

There were prepared 3 batches for SP1 and SP2 with dosages of superplasticizer given 
above. Gravitational method was applied according to ASTM C 138. For each batch 2 
samples were tested.

At the 2nd stage of research there were conducted 3 sets of experiments:
1st set: Portland cement PC1, superplasticizer SP1;
2nd set: Portland cement PC2, superplasticizer SP1;
3rd set: Portland cement PC1, superplasticizer SP2.
Each set included 4 batches, with specific samples of metakaolin used in each one at 

other constant conditions. The mixing proportions were as it was described in part 3.
For each batch spread flow was determined twice and prepared 3 mortar specimens.
For each batch, three 70.7 mm edge cubes were prepared. The specimens were kept in 

the molds during 24 h and after that hardened during 27 days in constant climate chamber 
with a relative humidity about 100% and temperature of 18±20 0C. The strength 
characteristics were measured using a test machine FP 500/1 with a 500 kN load capacity 
and accuracy d = ±1.0 %. Compressive strength at the age of 28 days was tested according 
to standard requirements [25].
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6. Results and discussion
6.1. Air-entraining in mortars
Rational air-content makes positive influence on durability of concrete and mortar. 

According to available data, air content 10-20% resulted in improved durability without 
causing serious reductions in compressive strength for cement-based mortars [26]. At the 
same time reduced air bubbles content seems to increase the workability and rheology of 
the mixtures [27]. For some types of concrete air entraining is mandatory. In any case 
attention should be paid to air entraining, since certain properties of supplementary 
cementing materials used in HPC greatly influence air-void system stability [28].

a)   

b)
Fig. 2. Influence of superplasticizer type and content on: a) air content of mortars; b) index of air content 

change 1- SP1; 2- SP2

For control mortar air content was Va = 14.1%. Water binder ratio in all the batches 
was 0.41.

Dependences of air content on SP content can be approximated by parabolic 
equations:

for SP1: Va = -2.4·SP1
2 + 8.2·SP1 + 7.1; (3)

for SP2: Va = -1.3·SP2
2 + 3.7·SP2 + 8.7. (4)

Index of air content change can be determined as follows:

. .

.

100a c a b
a

a c

V V
K

V
-

= × (5)

where Va.c, Va.b - air content, % of control and basic mortars correspondingly.
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Comparative dependences of air content of mortars and indexes of air content change 
are shown in Fig. 2. 

As it can be seen, introduction of superplasticizer leads to reduction of air content 
comparing to control mortar due increasing of flowability of mortars at 25% and at 28% 
when defoamer is used. Thus increasing of superplasticizer content dramatically reduces its 
effect. At increasing SP1 dosage of from 0.5 to 1.5% the air content of the mortar is almost 
equal to that of control mortar regardless of high increasing of flowability. That confirms 
known data about intensive air-entraining of this HRWR at high dosages [21,22]. It is 
expected that application of defoaming agent allows obtaining slight decreasing of air 
content even when high dosages of SP2 are used and provide higher plastifying effect and 
higher strength of mortars and concrete.

6.2. Activity indexes 
Basic mortars had following parameters:
· for PC1 applied W/C = 0.41; spread diameter at flow table Fb = 114 mm,

compressive strength at the age of 28 days Rc
c = 47.0 MPa;

· for PC2 applied W/C = 0.42; spread diameter at flow table Fb = 114 mm,
compressive strength at the age of 28 days Rc

c = 45.6 MPa.
Average activity coefficients values are given in Tab. 7. 
As the Kf and Ks values indicate, high water demand of metakaolin sample MTK4

makes negative effect on flowability (Tab. 7). Two processes, contrary by its effect –
growth of pozzolanic activity and simultaneous normal consistency increasing due to higher 
specific surface – indemnify each other, therefore under current terms of experiment 
negative value of flowability coefficient is observed (Tab. 7, batches No. 4, 8 and 12). At 
the same time, its influence on mortar strength is equal to that of MTK3.

Table 7. Activity coefficients of composite admixture

No. of
set

No. of
batch

Type of
PC

Type 
of SP

Type of 
MTK

Fc,
mm

Fb,
mm

Kf,
%

Rs
c,

MPa
Rs

b,
MPa

s,
%

1

1

PC1 SP1

MTK1

114

188 65

47.0

50.5 8
2 MTK2 171 50 54.4 16
3 MTK3 156 37 55.4 18
4 MTK4 105 -8 56.6 17

2

5

PC2 SP1

MTK1

114

183 61

45.6

48.8 7
6 MTK2 165 45 51.8 14
7 MTK3 150 31 52.4 15
8 MTK4 100 -12 54.4 19

3

9

PC1 SP2

MTK1

114

197 73

47.0

51.2 9
10 MTK2 185 62 55.4 18
11 MTK3 172 51 56.0 19
12 MTK4 117 3 56.1 19

K4 can be effective from the point of flowability 
increasing only when more effective HRWR is applied. Therefore, further selection 

K1 – K3.
Dependences of activity indexes of mortars on specific surface s of metakaolin at 

sÎ[1380; 1800] m2/kg for each set of experiments can be approximated by parabolic 
equations. Depending on Portland cement and superplasticizer used, the equations are 
following:
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· for experimental set #1 (PC1, SP1):

Kf = -119(s·10-3)2 + 313s·10-3 - 140, (6)

Ks = -29(s·10-3)2 + 116s·10-3 - 97; (7)

· for experimental set #2 (PC2, SP1):

Kf = -126(s·10-3)2 + 329s·10-3 - 155, (8)

Ks = -39(s·10-3)2 + 144s·10-3 - 117; (9)

· for experimental set #3 (PC1, SP2):

Kf = -108(s·10-3)2 + 290s·10-3 - 122, (10)

Ks = -56 (s·10-3)2 + 201s·10-3 - 162; (11)

where s is specific surface of metakaolin, m2/kg.

a) 

b)

c)
Fig. 3. Influence of specific surface of metakaolin on activity parameters of composite admixture: 

a) PC1, SP1; b) PC2, SP1; c) PC1, SP2; 1 – approximating curve of coefficient of flowability 
increasing, Kf, %; 2 – approximating curve of coefficient of strength increasing Ks, %
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Fig. 3 demonstrates graphical dependences of activity coefficients on specific surface 
of metakaolin (approximating curves 1 and 2). Comparing the values of activity coefficients 
for mortars specimens sets #1 and 2 (Fig. 3a, 3b) it should be mentioned that flowability 
coefficient values are lower for PC2 based mortars, that is caused by higher water demand 
of this cement. Strength of the PC2 based specimens is also slightly lower. That effect can 
be explai 3 3
in early age. Comparing the results of the experimental sets #1 and 2 it can be seen, that 
Portland cement PC1 is more effective than PC2 as it has lower normal consistency. As it
can be seen from comparing results of sets #1 and 3, among two superplasticizers SP2 is 
more effective one.

Substitution of SP1 for SP2 leads to increasing of activity indexes of mortars under 
other constant conditions (Tab.7, Fig. 3a and c).

7. Selection of constituent materials
For selection of optimal constituents, there must be established specified values of 

activity indexes. They were set according to requirements of specifications on such 
composite admixtures containing HRWR and pozzolanic mineral admixture (silica fume 
and fly ash), that has similar specific surface range as metakaolin samples #1-3, 
superplasticizer and mineral admixture weight ratio is 1:9 and is the same as in current 
research [20]. The values are as follows: Kf 60%, s 10%.

Kf and Ks values in eq. (6)–(11) were substituted and 3 sets of inequalities (6)–(7), 
(8)–(9) and (10)–(11) have been solved.

Graphic approach is applied to demonstrate solution regions of inequalities’ sets and 
determinations values for providing required activity indexes (Fig. 3, shaded areas). Thereby:

· for 1st set of experiments (PC1, SP1):
when Kf 60% sÎ [1380;1530] m2/kg; when Ks 10% sÎ[1450;1800] m2/kg;
· for 2nd set of experiments (PC2, SP2):
when Kf 60% sÎ[1380;1400] m2/kg; when Ks 10% sÎ[1460;1800] m2/kg;
· for 3rd set of experiments (PC2, SP1):
when Kf 60% sÎ[1380;1680] m2/kg; when Ks 10% sÎ[1410;1800] m2/kg.
As given results demonstrate, at the 1st set of experiments (PC1 and SP1) required 

activity indexes are achieved within range s Î [1450;1530] m2/kg, at mixing ratio of 
samples 1 and 2 1:1 (Fig. 3a). When PC2 and SP1 are applied, simultaneous 
providing indexes values is impossible (Fig. 3b). There are observed lower activity indexes 
values. The obtained data meets the results of known researches, which prove that HRWR 
and mineral admixtures have higher activity at medium alumina cements with low normal 
consistency [21]. Therefore, Portland cement PC2 is not appropriate for further research.

As it is shown in Fig. 3c, when PC1 and SP2 are applied, required values of activity 
indexes is possible with the range s Î [1410;1680] m2/kg. Superplasticizer SP2 has higher 
water reducing and strength increasing effects due to additional mortar compaction. Among 
metakaolin samples MTK2 meets the requirements on specific surface (s = 1670 m2/kg).

Regarding the results of tests and calculations, there were selected following 
constituent materials: Portland cement PC1, superplastisizer SP2 and metakaolin MTK2, as 
they enable to obtain required activity of composite admixture.

8. Conclusions
It has been determined activity indexes of composite admixture, which consists of 

superplasticizer and metakaolin, estimated by increasing the parameters of flowability and 
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strength of mortar. Different factors like type and dosage of constituent materials, specific 
surface of mineral admixture and properties of cement affect significantly the activity of 
composite admixture.

By combined solving of simple deterministic and stochastic equations there have been 
obtained possible solution regions for different combinations of mortar constituents. As a 
result, cement, chemical and mineral components of composite admixture were selected to 
meet specified requirements as follows: medium alumina cement, superplasticizer with 
defoaming agent and metakaolin with specific surface 1670 m2/kg. 

The sequence of selection procedure is following:
1) ascertainment of quality parameters required (e.g. increasing of flowability and 

compressive strength) and their limit values;
2) determination of factors of constituent materials (e.g. specific surface of mineral 

admixture, dosage etc.) and realization of experiment;
3) calculation of quality parameters and obtaining of experimental equations, 

describing effects of factors on them;
4) determination of optimal values of variables which meet required quality

parameters (by solving the set of inequalities for Kf and Ks).
The approach can be applied for different types of concrete and mortars, but mostly 

for high energy and resources consuming high-performance concrete and mortars.
The method, presented in the paper, considers the only two parameters: flowability 

and compressive strength as the most essential ones. However, similar procedure can be 
applied for testing frost resistance and other properties attributable to durability of concrete 
and mortars. As at that rate the task of optimization is multiparametric, it might be 
supposed, that result will be different. Eligibility of the results obtained for cement-sand 
mortar should be verified for High Performance Concrete. 
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równaniami stochastycznymi uzyskanymi przy obliczeniu wyników eksperymentalnych. 
e: , zaprawa, domieszki chemiczne, 
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Streszczenie:
w obserwacjach wyk poje-

dynczy system nawigacji satelitarnej i-
z wykorzy-
h satelitów 

GNSS y-
zon
systemów satelitarnych.

niki.

1. Wprowadzenie
Zalety zintegrowanych pomiarów satelitarnych GNSS (GPS+GLONASS+inne) zosta-

[1] sfery nie-
bieskiej a ich geome-

[2] a-
a-

o i precyzja 

a
Dilution Of Precision).

lania 
widocznych satelitów oraz zmiany oko 

[3] stwierdzono, 
lacji satelitów GLONASS

d
nawigacyjnego. Z kolei w opracowaniu [4] o-
palni odkrywkowych. Autorzy wykazali, a-

r-
e-

zultatów, co po [5] autor 
o-
o-
e-
a-

niu [6]. Z kolei w artykule [7] y-
nawigacyjnych (GPS, GLONASS, 

Galileo). y-

*
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peracyj [8].

2. Systemy GNSS –
nawigacyjnych syste-

i-
l-
o-

pomiarów obserwa-
cji. Stosowanie

pomiaru,
z enie obserwacji na terenach, 

GNSS 
Wykorzysta-

nie kilku systemów GNSS o-
miarowej. W przypadku pomiarów w czasie rzeczywistym skraca to czas inicjalizacji, na-
tomiast w przypadku obserwacji statycznych - skrócenie czasu pomiaru.

3. Pomiary kodowe
i odbiornika w oparciu 

u na 
drodze satelita-odbiornik [9]:

( )S S
K Kt t cr = - × (1)

gdzie: S
K – , tK – czas rejestracji sy-

, tS – , c –
w 458 m/s).

-odbiornik po 
y-

[10][11][12]. Ponadto równanie to 

[13][14]. Po-
-odbiornik za 

po [9]:

( ) ( ) ( )2 2 2S S S S
K K K K Kx x y y z z cdtr d= - + - + - + + D (2)

gdzie: xS, yS, zS – telity, xK, yK, zK – cdtK – popraw-
ka zegara odbiornika K1, – .

d a-
(geome-

trii) satelitów na (poza zegara
odbiornika).
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4. DOP
e-

a. W
staty-

styczny jego [15].

Rys. 1. Budowa tetrahedronu - ty- http://www.novatel.com)

i . W
jako (tertrahedronu, rysunek 1): cztery 

satelity-obserwator [16]:

1DOP
V

» (3)

Informacje 
przy planowaniu obserwacji, szczególnie w trudnych warunkach 

terenowych. Pomiarami dla których geometria satelitów jest 
(pojedynczego punktu) a-
tyczne, e epokach [9].

Rys. 2. -odbiornik ( )
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Na rysunku 2 zaprezentowano dwa i-
a-
a-

ciemniony obszar). Natomiast w przypadku równomiernego ich rozmieszczenia,
.

y-
y-

zo
1 1 1

1 1 1

2 2 2

2 2 2

3 3 3

3 3 3

4 4 4

4 4 4

- - - - - -
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A

M M M M

ú
ú
ú
ú
ú
ú
ú
ú
ú
ú
ú
ú

(4)

gdzie: XSn, YSn, ZSn – , XP, YP, ZP – , Sn
P –

geometryczna satelita–odbiornik.
Macierz A n- a-

cierz obserwacji A zny satelity-odbiornik obliczana jest ma-
cierz kowariancji C wyznaczanych parametrów:

2 2 2 2

2 2 2 2
-1T

2 2 2 2

2 2 2 2

= =

X XY XZ Xcdt

YX Y YZ Ycdt

ZX ZY Z Zcdt

cdtX cdtY cdtZ cdt

s s s s
s s s s
s s s s
s s s s

é ù
ê ú
ê úé ùë û ê ú
ê ú
ê úë û

C A A (5)

Macierz C a-
(ang. Earth Centered Ear-

th Fixed). Po wyeliminowaniu ostatniego wiersza i kolumny w macierzy C
z CXYZ d-

o-
centrycznym macierz CXYZ

2 2 2

2 2 2
NEU T XYZ

2 2 2

E EN EU

NE N NU

UE UN U

s s s
s s s
s s s

é ù
ê ú= = ê ú
ê úë û

C F C F (6)

Macierz F dem geocentrycznym ECEF, 
a
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T

-sin cos 0
= -sin cos -sin sin cos

cos cos cos sin sin

l l
j l j l j
j l j l j

é ù
ê ú
ê ú
ê úë û

F (7)

jednostki bezwymiarowe w oparciu o macierz C a-
ako:

Geometryczny – 2 2 2 2
N E U cdtGDOP s s s s= + + +

Pozycyjny – 2 2 2
N E UPDOP s s s= + +

Poziomy – 2 2
N EGDOP s s= +

Pionowy – 2
UGDOP s=

Czasowy – 2
cdtTDOP s=

5. Metodyk

odpowiednio 55° i 64,8°, 180 km 
i 19 one 
punktu kuli ziemskiej [17]
GNSS w dniu 01.01.2013 r. o godzinie 0:00 czasu UTC, na trzech charakterystycznych 

, s geograficzna 50°
(b) or

Rys. 3.
( ó http://www.trimble.com/GNSSPlanningOnline)

a
w kombinacja GPS i GNSS (GPS+GLONASS)

Eksperyment podzielono 
i-

docznych satelitów w warunkach
horyzontu eksperymentu 

czynnika PDOP w
horyzontu. W ni
widocznych sateli
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6. Wyniki
Na rysunku 4 przedstawiono schemat 50% pr u-

dniowej na analizowanym punkcie. Z uwagi na i-
gacyjnych systemów satelitarnych oraz c-
nej, zym o-

y .
Analiza liczby widocznych satelitów z

3-minutowym dnia 01-01-2013 w godzinach 0:00-6:00 czasu UTC.

Rys. 4. Schemat cia horyzontu w analizowanym punkcie ( asne)
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Rys. 5. Liczba widocznych satelitów ( )

Na rysunku 5 przedstawiono widocznych satelitów GPS i GNSS 
w warunkach odkrytego horyzontu i 50% Nato-
miast linia przerywana oznacza
i prowadzenia pomiarów w trybie RTK. W przypadku obserwacji GPS w warunkach odkry-
tego horyzontu liczba widocznych z-
bie 10,3), dla systemów niej liczbie 18 sateli-
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tów i-
stym (min. 5 satelitów)
stro ,5). 

wymaganej liczby widocznych satelitów w bardzo ograniczo-

,5). Obserwacje adzenia pomia-
rów RTK okres wykorzystania 
samych tylko obserwacji GPS.

Tabela 1 zawiera rozmieszczone n-
nika PDOP dla obserwacji GPS i GNSS, o-
ryzontu dla sesji 24- -minutowym z dnia 01.01.2013 roku.

Tabela 1. procentowe o-
(

Maska elewacji
yzontu

0°
100,00%

10°
79,01%

20°
60,49%

30°
44,44%

40°
30,86%

System GPS GNSS GPS GNSS GPS GNSS GPS GNSS GPS GNSS
itów 11,3 19,6 8,4 15,0 6,4 11,3 4,8 8,6 3,7 6,4

PDOP<2 95,2 100,0 50,3 100,0 2,1 40,7 0,0 1,4 - -
2<PDOP<=3 3,4 - 37,2 - 40,7 45,5 4,1 24,1 - -
3<PDOP<=4 1,4 - 8,3 - 32,4 5,5 13,8 25,5 0,7 6,9
4<PDOP<=5 - - 2,1 - 6,9 2,8 10,3 15,2 3,4 11,7
5<PDOP<=6 - - 1,4 - 3,4 2,1 10,3 8,3 5,5 9,7
6<PDOP<=8 - - 0,0 - 2,1 0,7 9,0 7,6 6,9 14,5

8<PDOP<=20 - - 0,7 - 3,4 2,1 19,3 12,4 20,0 27,6
PDOP>20 - - - - 9,0 0,7 33,1 5,5 63,4 29,7

dobre warunki geometryczne prowadzenia obserwacji [18]. Dla ka analizowanych 
przypadków pomiary GNSS zapewnia i-
ka PDOP, znych satelitów w stosunku do 

00% obserwacji 
GNSS posiada i-
tów GNSS wynosi (wobec jedynie ponad 6 dla GPS) i zapewnia PDOP < 3
dla ponad 85% obserwacji (GPS jedynie 43%) ó ° maska 

, co 
spotykane jest na terenach zurbanizowanych. n-

korzystniej w po-
równaniu do GPS.

7. Podsumowanie

.
Do

o-
, w stosunku do pomiarów GPS. N

czy innych systemów nawigacji satelitarnej
terenowych 

( ), gdzie to do tej dla poje-
dynczego systemu satelitarnego.
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Abstract: Integrated GNSS (GPS+GLONASS) satellite measurements carry a num-
ber of benefits. The main advantages are especially possibilities of conducting measure-
ments in areas where use of a single satellite system was not impossible so far. In this paper 
number of visible satellites and DOP coefficients values in terms artificial horizon obstacles
were analysed. Paper also discusses benefits of including additional observations from 
other navigation satellite systems.

Keywords: GPS, GLONASS, satellite measurements, DOP coefficients.
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Streszczenie: Osiedle Towarzystwa Osiedli Robotniczych na warszawskim Grocho-

funkcjonalistycznego osiedla budynków z tanimi mieszkaniami dla ubogich rodzin 
robotniczych. mieszkania dla robotników,

any. 

, ,
nowych przepisów w sprawie ochrony przeciwlotniczej, skomplikowanego statusu 

w porównaniu z innymi realizacjami tego typu osiedli,
pochodze
i pionów. Porównanie projektów niezrealizowanych obiektów z obiektami zbudowanymi 

a-

wskazanie przyczyn, k e.
osiedle mieszkaniowe, robotnicy, tanie mieszkania, Grochów, bu-

downic .

1. Wprowadzenie 

z 10 budynków mie wzniesionych
zakresie przez Towarzystwo Osiedli Robotniczych w Warszawie. Osiedle to zgodnie 
z realizowa

ojennym budownict

Robotni
, co dziwi 

de wszystkim na stronach internetowych 

problemowi poprawy sytuacji 
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mieszkaniowej
o realizowanych przez TOR obiektach. Z powodu braku zachowanych planów budynków, 

Hi
1,

oraz towarzy

w o 2.
a-

niami funkcjonal szawskich osiedli. 

pomiesz ,
,

y-
stycznego dla grochowskiego osiedla .

1.1.
Towarzystwa Osiedli Robotniczych

Sytuacja mie w Polsce l-

ego przez skutki I wojny , kryzysu mieszkaniowego.
o -wieku. Przedmiotem 

nieodpowiednie
najbied
z architekto

w Warszawie, w której 

o 3. W 1915 roku wydano Potrzeby estetyczne Warszawy autorstwa historyka 
sztuki - Alfreda Lauterbacha. Przedmiotem
obszary Warszawy, nazywane w publikacji „nowymi dzielnicami”. Ich charakter poddawa-
ny jest krytyce w zestawi

zbieraniem danych potrzebnych do sporz 4.
w dziedzinie mieszkalnictwa, do tej –

1 owano w 
latach 1935-1937, , Architektura w Warszawie 1919-1939, Warszawa 2000 [1],

-
1938.

2 nik do za
Prezydenta m. st. Warszawy z dnia 24. 07. 2012 r., poz. 00006766, 00006767. 00006765, 
00006868, 00006869, 00006911, 00006912, 00006913, 00006914, 00006325, 
www.torgrochow.cba.pl ( d www.twoja-praga.pl 2014).

3 A. Lauterbach, Potrzeby estetyczne Warszawy, Warszawa 1915, s.8 [2].
4 Planowanie przestrzenne Warszawy (1916-1939) w: Warszawa II Rzeczypospolitej 

(1918-1939), Warszawa 1968, s. 324 [3].
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mieszkaniowej
o realizowanych przez TOR obiektach. Z powodu braku zachowanych planów budynków, 
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stycznego dla grochowskiego osiedla .
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Sytuacja mie w Polsce l-

ego przez skutki I wojny , kryzysu mieszkaniowego.
o -wieku. Przedmiotem 
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zbieraniem danych potrzebnych do sporz 4.
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1 owano w 
latach 1935-1937, , Architektura w Warszawie 1919-1939, Warszawa 2000 [1],
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1938.

2 nik do za
Prezydenta m. st. Warszawy z dnia 24. 07. 2012 r., poz. 00006766, 00006767. 00006765, 
00006868, 00006869, 00006911, 00006912, 00006913, 00006914, 00006325, 
www.torgrochow.cba.pl ( d www.twoja-praga.pl 2014).

3 A. Lauterbach, Potrzeby estetyczne Warszawy, Warszawa 1915, s.8 [2].
4 Planowanie przestrzenne Warszawy (1916-1939) w: Warszawa II Rzeczypospolitej 

(1918-1939), Warszawa 1968, s. 324 [3].

o
zdrowia mieszka ców5. Prowadzone w tym okresie

zaledwie 25% posiada 6

pion mieszkalny. W drewnianych barakach korzysta

j

,
szczególnie u wykonuj leniu. Widziano 

7.
nnym 

k-
tów. Wydzia

przeszcze-
piali na grunt polski aw

d-

w ami byli 
8.

i-
wa Reformy 

-badawczej. 2 marca 1930 roku Towarzystwo 

opracowania ustawy mieszkaniowo-budowlanej9

sposób w jaki zamieszkuje warstwa robotnicza. Dwoma podstawowymi proble

, maksymalnie 1/5 zarobków, tymczasem koszt komornego 
oparty na kapita ok. 43 % zarobków, bez ulg jeszcze 

10.

5 J. Cegielski, w: Warszawa 
II..., s. 119 [4]. 

6 Z Polskiego Towarzystwa Reformy Mieszkaniowej, „Dom Osiedle Mieszkanie” 1934, nr 1, s. 20 [5].
7 „Dom Osiedle Mieszkanie” 1934, nr 12, s. 12,13,14 [6].
8 E. Mazur, nia Mieszkaniowa, 1921-1939:materilane warunki bytu 

robotników i inteligencji, Warszawa 1993, s. 41- 42, 44. [7]
9 H. Syrkusowa, Warszawa 1976, s. 97[ 8].
10 H. Syrkusowa, op. cit., s. 163 [8].
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T eksploatacja 
11.

- dla rodzin 
o maksymalnych zarobkach 12

o-
13

i standaryzacje w celu zmniejszenia -42 m2.
W latach 1934- lnych 

wielorodzinne jak 
Obiekty wznoszono w
jak i mniej

na standa
i potanienie kosztów14. Towarzy

jego 
i instytu jowego 
a

BGK przezna -u15. W taki 

16

ieszkaniowy.

2. Projekt I serii

2.1.
ó-

lokalizowane
uzbr
przedstawicieli o-

pr -2 km17

kolejne po

11 Zob. 
budowlany” rubr. Ruch budowlany, 1934, z. 2, s. 49 [9].

12 H. Syrkusowa, op. cit. s, 163 [8].
13 T.O.R., „Dom. Osiedle. Mieszkanie” 1934, nr 3-4, s. 40 [10].
14 J. Strzelecki, „Dom Osiedle 

Mieszkanie” 1934, nr 2, s. 13. [11] 
15 Ibidem, s. 10-11.
16 Ibidem, s. 16
17 Wy „ Dom Osiedle 

Mieszkanie” 1937, n 4-6, s. 64 [12].
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16 Ibidem, s. 16
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, 19. Kryteriami 
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21. P
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Fig. 1. Sketch of Urban Development Plan in 

Rys. 2. Szkic Zagospodarowania Terenów przy ul. 

a
APW, AN, sygn. 11938, k. 27

Fig. 2. Sketch of the Land Development in

Social House and property boundaries

Przeznaczenie obu bloków pod obiekty TOR- anie 
zapewnienie odpowiednich warunków do

, anym terenie 
ygnacyjnych budynków mieszkalnych. Cztery ustawiono 

a
ano w bloku okr

i K

18

Warszawa 1938, s. 10 [13].
19 Ibidem.
20

Warszawa 1939, s. 52 [14].
21 Ibidem, s. 50.
22 AP 2, 3 [15].
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bezpo
ie

Po
wskiej23

Wychowania Fizycznego24.

2.2. Charakterystyka lokali mieszkalnych
lokale mieszkalne

powierzchni 36 m2 25

nie,
2 2, oraz 

– 37 m2 26 owe. 
W

mieszka 27. Mniejsze 

Towar a-

. Wtedy,
,

28. Od 1930 roku sytuacja robotni-

mieszkania odpowi
-6 osobowej rodziny uznano mieszkanie 

29

finansowane z kredytów TOR, osiedle WSM na Rakowcu 
z 2. S ono wzorem dla zrealizowanej 

30

jeszcze bardziej ograniczona i nie 2 31

W opar w II serii osiedla na Kole powierzchnia 
2 oraz 35,8 m2 32. Mieszkania na Grochowie maja 

cy ustalone w wytycznych 36 m2

-
okali.

23 Ibidem, k. 28.
24 [16].
25 J. Strzelecki, op. cit., s. 14 [11].
26 s. 46 [14].
27 których 

28 -1939. Architektura-Urbanistyka -Warszawa-Kraków-
[17]. 

29 1934, s. 1-2.
30 Osiedle T. O. R. na Kole, „Dom Osiedle Mieszkanie” 1935, nr 11 s. 33 [18].
31 Ibidem.
32 s. 42 [13].
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2.3.

-
wzniesione domy komunalne przeznaczone dla bezdomnych, w których mogliby oni 

33. Kompleks hoteli dla bezdomnych 
torycznych 

g projektu A. Matuszewskiego, 
a
drugiej stornie ulicy Kobielskiej34

z dzi -
hnia, nie 

p-
nej przestrzeni. W I s

. D t acji dwa 
35. Zastosowany w II 

i
36.

powodów.

obrony przeciwlotniczej i przeciwgazowej.
37

w dziedzinie budowy obiektów zgodnie z przepisami ochrony przeciwlotniczej i przeciwga-

1938 roku38

w 1937 roku min. w budynkach TOR-u na Grochowie. P
.

Z
39

40, dlatego naturalnym
w

czas realizowane budynki 
y

wytyczne dla zago a-

33 Budownictwo mieszkaniowe magistratu m. st. Warszawy 1924-1928, s. 5 i 6 [19].
34 Ibidem, s. 7,10, 20, 21, 24.
35 Osiedle T. O. R. na Kole, ”Dom, Osiedle, Mieszkanie” 1935, nr 11, s. 35 [18].
36 T. O. R. Sprawozdanie (…) za rok 1937, Warszawa 1938, s. 46 [13].
37 [19].
38 , Dz. U. nr 32, poz. 278 [20].
39 T. O. R. Sprawozdanie (…) za rok 1937, Warszawa 1938, s. 46 [14].
40 Ibidem. 
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cyjnej41 udynków, 
a
z -

a poddasza42

suszarnie przeniesio-
ie zaprojektowanych przybudówek

i
usytuowane ó-
rek43.

realizowane w przypadku n
a

ch jak i estetycznych.

Rys.3.

i suszarnie. [15]
Fig. 3. View of the blocks in Stanislawowska 

Street showing laundry and drying rooms

Rys.4. e
i n-
kach przy ul. Kobielskiej. [15]

Fig. 4. View of the blocks containing laundry rooms 
and bathrooms connected with the drying 
rooms in the buildings in Kobielska Street

2.4. Funkcje towarzysz
Osiedle TOR na Grochowie ami

znione 
mieszkania z nis ca

44.

41 T. O. R. Sprawozdanie (…) za rok 1937, Warszawa 1938, s. 46 [14], APW, Akta nieruchomo
sygn. 11938, k. 27 i 34 [15], sygn. 11939, k.19 i 25 [21].

42 T. O. R. Sprawozdanie (…) za rok 1937, Warszawa 1938, s. 46 [13].
43 Ibidem.
44 Ibidem, s. 37.



Zespół mieszkaniowy Towarzystwa Osiedli Robotniczych ... 81

cyjnej41 udynków, 
a
z -

a poddasza42

suszarnie przeniesio-
ie zaprojektowanych przybudówek

i
usytuowane ó-
rek43.

realizowane w przypadku n
a

ch jak i estetycznych.

Rys.3.

i suszarnie. [15]
Fig. 3. View of the blocks in Stanislawowska 

Street showing laundry and drying rooms

Rys.4. e
i n-
kach przy ul. Kobielskiej. [15]

Fig. 4. View of the blocks containing laundry rooms 
and bathrooms connected with the drying 
rooms in the buildings in Kobielska Street

2.4. Funkcje towarzysz
Osiedle TOR na Grochowie ami

znione 
mieszkania z nis ca

44.

41 T. O. R. Sprawozdanie (…) za rok 1937, Warszawa 1938, s. 46 [14], APW, Akta nieruchomo
sygn. 11938, k. 27 i 34 [15], sygn. 11939, k.19 i 25 [21].

42 T. O. R. Sprawozdanie (…) za rok 1937, Warszawa 1938, s. 46 [13].
43 Ibidem.
44 Ibidem, s. 37.

sklepów,

pomoc

grochowskim ach

paszteciarnia i .

Rys.5. – jatka [15].
Fig. 5. The Interior of one of the pavilions – a

shambles

Rys.6. –
paszteciarnia [15]

Fig. 6. The Interior of one of the pavilions –
Patisserie

Rys. 7. – sklep 

Fig. 7. The Interior of one of the pavilions-grocery 
store

Rys. 8.
budynkami przy ul. wskiej [15]

Fig. 8. Ground-floor service pavilions between 
buildings in Stanislawowska Street

a-
-

,

zytelnia, 3 przychodnie lekarskie, Kropla Mleka i lokale 
45. W zrealizowanym zespole brak 

45 Ibidem, s. 32.
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46

daptowane na mieszkania.

Rys. 9. Wtórnie wyb K. Matysiak
Fig. 9. Secondary window holes stamped in the course of adapting the connectors for housing

Brak dnim 
rozdziale genezy ich form, których poza pralniami 
i e-

planowany. Przygotowany przez miasto Szkic Rozplanowania Terenów przy ul. Podskar-

47

i -

48

zaprojektowa
pierwszego pietra wspar r-
niami 49..
przewi

50 projekt domu 
gotowy51

mieszkalnych ze sklepami obiekt

-

46 Funkcjonalistyczne osiedle TOR, Grochów, 
http://fotoforum.gazeta.pl/72,2,746,46342674,46599026.html [22].

47 [15].
48 43 [15].
49 8 i 9 [15].
50 APW, Akta nieruchomo [15].
51 [15].



Zespół mieszkaniowy Towarzystwa Osiedli Robotniczych ... 83

46

daptowane na mieszkania.

Rys. 9. Wtórnie wyb K. Matysiak
Fig. 9. Secondary window holes stamped in the course of adapting the connectors for housing

Brak dnim 
rozdziale genezy ich form, których poza pralniami 
i e-

planowany. Przygotowany przez miasto Szkic Rozplanowania Terenów przy ul. Podskar-

47

i -

48

zaprojektowa
pierwszego pietra wspar r-
niami 49..
przewi

50 projekt domu 
gotowy51

mieszkalnych ze sklepami obiekt

-

46 Funkcjonalistyczne osiedle TOR, Grochów, 
http://fotoforum.gazeta.pl/72,2,746,46342674,46599026.html [22].

47 [15].
48 43 [15].
49 8 i 9 [15].
50 APW, Akta nieruchomo [15].
51 [15].

cego Kredyty Banku 
Gospodarstwa Krajowego. Decyzja Rady Nadzorczej TOR zezwalaj

budowy tego typu budynków
rozpatrze

1939 roku52

skiej w zbudowanych w latach 1927-1928 budynkach 
53.

Rys. 10. Plan I serii osiedla [15]
Fig. 10. Plan of I series of settlements

Rys. 11.
Fig. 11. The draft sketch of social house

Rys. 12. Projekt szkicowy 
Fig. 12. The draft sketch of social house

3. Niezrealizowany projekt budowy II serii osiedla
n-

ków to jedynie pierwsza seria. W szkicowych planach przeznaczenia terenów w 1937 roku, 
poza za

Tereny te 
. U ikiem 

54. B

52 T. O. R. Sprawozdanie (…) za rok 1938, Warszawa 1939, s. 11 [14].
53 Budownictwo mieszkaniowe magistratu…, s. 7 i 8 [23].
54 2 [21].
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przeznaczone dla bezdomnych55

w
56

ok

. B to 57.

Rys. 13. rozplanowanie budynków, na 

AN, sygn. 11939, k. 1
Fig. 13. Possible layout of buildings, in areas 

belonging to the city

Rys. 14.

Fig. 14. The possible layout of buildings, in areas
belonging to the city after the annexation of 
parts belonging to the Red Cross

Rys. 15.

Fig. 15. Possible layout of buildings after the annexation of part of the land belonging to the Red Cross, 
and moving the Terespolska Street

55 [15].
56 [15].
57 9, 10, 12 [21].
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55 [15].
56 [15].
57 9, 10, 12 [21].

58

na rozszerzonych o te, które planow
.

w
eznacznemu przesuni

u I serii . Trzy 
w-

skiej59 aniu do 
.

S one widoczne na zachowanym planie sytuacyjnym osiedla z maja 1939 roku, nie 
60 jszych, 

,
o lnie61,

ich 
a

62. Projekt drugiej serii nie 
anych terenach po drugiej stronie ulicy

acyjne 
nawi
ich powtórzenia63. Lokale mieszkalne zgodnie z tendencj

m 2. W projektowanym wzd
Terespolskiej 64.
Proj
Zarz 65

58 Projekty poszczególnych budynków II serii
[15].

59 11,13, 14, 15 [15]
60 24 [15]. 
61 [15].
62 [15].
63

18, 19, 20, 24 [15].
64 APW, Akta Nieruchom [15].
65 [15].
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Rys. 16. Plan osiedla TOR Grochów II i APW, AN, sygn. 11938, k. 44
Fig. 16. Plan of Housing Estate of Workers Society in Warsaw’s Grochow II and part of series I

Rys. 17. APW, AN, sygn. 11938, k. 13
Fig. 17. Eastern Façade of the building of series II in Stanislawowska Street

Rys. 18. Rzut kondygnacji powtarzalnej bud wskiej, 
11938, k. 13

Fig. 18. The plan of repetitive floor of series II building in Stanislawowska Street
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Fig. 18. The plan of repetitive floor of series II building in Stanislawowska Street

Rys. 19. Rzut kondygnacji powtarzalnej budynku dwusegmentowego 38, k. 18
Fig. 19. A repetitive floor plan of series II double-unit building

Rys. 20. APW, AN, sygn. 11938, k. 18
Fig. 20. The plan of the loft of series II double-unit building

Rys. 21. Elewacja zachodnia budynku dwu segmentowego II serii 
Fig. 21. Western Façade of series II double-unit building
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Rys. 22.
Fig. 22. The façade of the building in Terespolska Street

4. Kwestie autorstwa i datowanie
o

Szabuniewicz66 najmniej 
rchitekta Franciszka Eychhorna. W 1924 roku 

67

koncentracyjnym Auschwitz- e
Architektury w 1928 roku68. Informacje o jego udziale przy budowie osiedla TOR na 

kazji 50-lecia jego pracy. Jednak nie 
na Grochowie69.

erci. W latach 30-tych wydawane 
a-

realizowanych przez Towarzystwo Osiedli Robotniczych70. 1937 rok wskazuje na osiedle 

w
-Markowiczowa. Podpis tej samej architektki 

- ej Nowak-

66 Architektura w Warszawie 1919-1939, Warszawa 2000 [1], Gminna Ewidencja 
z dnia 24. 07. 

2012 r., poz. 00006766, 00006767. 00006765, 00006868, 00006869, 00006911, 00006912, 
00006913, 00006914, 00006325, www.torgrochow.cba.pl www.twoja-
praga.pl

67 W wydanej z okazji 50-

-1965: 50 –
Warszawskiej, alfabetyczny wykaz absolwentów poz. 2329 oraz 1664, Warszawa 1967 [24].

68 Zob. -1965: 50 –
Warszawskiej, alfabetyczny wykaz absolwentów poz. 2329 oraz, Warszawa 1967 [24].

69 A. K. Olszewski, 50 – „Architektura”, 1979, 
nr 381-382 [25].

70 Wykaz zatwierdzonych budowli, poz. 650, w: 1937, s. 541.
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nr 381-382 [25].

70 Wykaz zatwierdzonych budowli, poz. 650, w: 1937, s. 541.

e
-

rchitektki wspólnie 
z
mieszkaniowego BGK71

iej-

z niepublikowanego leksykonu autorstwa Nitscha72. W tej samej pozycji osiedle to widnieje 

czenia roli danego architekta 
w

onej w 1979 roku Jej 

w Warszawie przy ul. Podskarbi skiej”73. Brak precyzji Nitscha w podawaniu pozyskanych 
i-
-

a

74

lub asystenta ej projektantki Lucyny Nowak-Markowiczowej. Na 

Piotrowskiego75 -
niego zatwierdzane i podpisywa

ego projektanta76.

77

-193778. Jednak informacja o zatwierdzeniu budowy osiedla 

p
Robotniczych
193779 80.

71 A. L. Nitsch, Leksykon Architektów i budowniczych Polaków oraz cudzoziemców w Polsce 
[26].

72 Ibidem.
73 maszynopis przechowywany w ZG SARP [27]. 
74 A. L. Nitsch, op. cit.[26]
75 AP [15].
76

projektu, charakter budynków a
nego z nich.

77 Zob. www.twoja-praga.pl
78 op. cit. [1],

2998/2012 Prezydenta m. st. Warszawy z dnia 24. 07. 2012 r.
79 s. 10.
80 s. 48.
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5.
siedli Mieszkaniowych na Grochowie to jeden 

z

-wychow
w

ne przez miasto nie 
-przestrzennych, 

e podkr
skont

budownictwo osiedli robotniczych pod koniec lat 30-tych XX-wieku.
Brak zainteresow

z ymaniu go w odpowiednim stanie. a-
jest obecnie w zaniedbany

Mieszka cy poszczególnych 

e-
gólne wymienio a-
nia 
finansowych ani wiedzy do zastos
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Abstract: Housing Estate of Workers Society in Warsaw’s Grochow is one of the
characteristic examples of functional low-cost housing for the poor blue-collar families in 
the period between the Great War and World War II. Small cheap housing for workers was
to provide proper health conditions for its residents and was a part of a global movement
and formed the continuation of activities already initiated in the 1920s by the Warsaw 
Housing Cooperative. Despite its distinguish form the Grochow Housing Estate is 
considered as poorly researched subject. The main goal of this text is: on the basis of 
archival studies to recreate the entire shape of the housing estate along with social 
infrastructure objects, where only half of the buildings were carried through. We want to 
indicate the exact origins of exceptional architectural forms of the unit such as connectors 
and verticals analyzing not only anti-aircraft protection rules which were applied during the 
unit’s building but also a complex proprietary status of the adjacent allotments and difficult 
ground conditions in comparison with other implementations of this type of housing.
Comparison of unrealised projects objects with the objects implemented together with Forsa 
old becomes the basis for the challenge by appearing in all sources of architects, allowing 
also an indication of the reasons which led them to this by assigning.

Keywords: (Housing Estate, workers, low-cost housing, Grochow, social building.
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Abstract: Human nature, social values and structure of needs constitute the basis of 
the aesthetics therefore the integrated understanding of the individual and his vital activity 
is reflected in modern design. Relevance of this research lies in the development of an
urban environment typology from the subjectivity point of view. This theme is considered 
in systemic integrity (human – society – humanity - biological species), which allows to 
identify the nature of the aesthetic measures. Subsequently, the following generalized types 
of environment are distinguished: naturecentric, anthropocentric, sociocentric and 
integrated. As a result, the research identifies the main tasks and key issues of reconstruc-
tion and humanization of the environment.
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1. Introduction
The Aesthetics is development of the world according to a human measuring. Alex-

androv [1] identify the aesthetic value of an object through correlation of the object 
measure to the Human one. New towns are losing the Human measure as the latter is no 
longer able both to visually embrace a city as a whole and psychologically develop a sense 
of ownership towards its wide-scale territory. Moreover, in order to meet requirements of 
the large number of population the urban development is still being evaluated through the 
prism of its technical and economic potential, modern construction technology, return of
investment and sparing use of land resources. These considerations encroach on the human 
uniqueness, and urban environment becomes hostile to the individual. The problem of 
humanization of the urban environment becomes one of the key issues in the contemporary 
urban planning. Arrangements and principles of the urban humanization are determined by 
specifics of the urban environment and its falling into a certain typological category. This 
emphasizes the importance and topicality of the research into the development of the urban 
environment typology.

1.1. Analysis of existing publications and theoretical sources
The architectural researches contain the wide range of the urban environment typolo-

gies. The most accepted among them is the typology by the character of functional 
utilization of environment (Shimko [2]; Rannev [3] and others). There are also classifica-
tions of environment based on its visual characteristics (Lynch [4]; Venturi [5]; Glazy-
chev[6]), on patterns of human activities (Alexander et al.[7]) or behaviours (Krampen [7];
Lawson [9]; Titov [10]), morphological properties ( Krier [11]; Jencks [12]; Arapov [13];
Sharlay [14] ). Also, Iovlev [15] suggests commencing systemization of architectural space
from the prism of ecology and identifies the types of spaces by composition of their
material basis, environmental balance, interaction with external environment, structure and
in terms of energy-informational influence on a human being.
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N. Shebek [16] suggests to lay principles of multi-levelness, social orientation,
awareness and integration into the foundation of his architectural environment typology.
Multi-levelness lays out the rules for dissection of the environment into separate elements.
Social orientation establishes dependencies and relationships between the approaches to
systemization of socio-psychological characteristics of artificial environment residents and
characteristics of forming and development of their habitat. Awareness “indicates the 
necessity of systemic study of the morphological, phenomenological, semantic and 
praxeological properties of the artificial environment. The principle of integration defines 
rules for arranging essential features of the architectural environment aiming to present
the latter as an integral whole” (Shebek [17]). N. Shebek proposed an approach to creating 
a typology of the architectural environment which is the most substantial, complete and has 
a great potential.

These classifications retain their importance in our days being extensively applied to 
managing scientific and design tasks. But it should be noted that the relevance, effective-
ness, sphere of application of any environment typology depends on the necessity to 
manage a specific urban development issue, which determines the purpose and character of 
classification.

Our research is aimed to extend the urban environment typology from the point of 
view of the Aesthetic measures in an object, and to identify the key tasks of certain types of 
the urban environment humanization.

1.2. Methodological foundations and methods of research
The philosophic basis of the research lies in a dualistic model of the Aesthetics, where 

the Aesthetics emerges due to unity of the reality properties and human spirit, and a human 
is considered as a measure of the Aesthetics (Alexandrov [1]; Wilber [18,19]; and others).
Here the aesthetic perception is interpreted as unity and harmony of a human and the
environment. The scientific basis of the research lies in the systemic approach, aesthetics 
(Alexandrov [1]), the theory of urban planning composition (Jargina [20]), integral 
philosophy after Kenneth Earl Wilber II [18, 19], bodily approach (Aljushin and Knjazeva 
[21]) and others. Principal provisions of the bodily approach (endophysics) are critical in 
this study as they identify the human perception process as a cognitive subject and prove 
the dependence of object image upon the physical nature of a subject [21]. Methods of 
systematization, comparative analysis and synthesis have been used to address the research 
tasks.

2. Philosophic foundations of the urban environment typologies 
development

The theory of urban planning considers the category of the Aesthetics mainly as the 
Beautiful, the Beauty. The concept of the Aesthetics is extended in this research to its 
respective content in the contemporary aesthetics. This is a synthetic category covering the 
whole range of positive feelings and human emotions during interaction with the urban 
environment. Secondly, coming back to the definition of the Aesthetics as a human measure 
in a measure of object we’d like to note that the human measure has three scaling levels 
and, accordingly, three measures of the Aesthetics: panhuman measure, historically specific 
measures of a society, and an individual measure. The latter corresponds to personal 
aesthetic taste, a society measure is formulated as an aesthetic canon of epoch, and 
a panhuman measure accumulates universal values and human knowledge (Alexandrov 
[1]). The scaling levels of the subject of the Aesthetics also correlate with the hierarchical
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aesthetic taste, a society measure is formulated as an aesthetic canon of epoch, and 
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levels of urban facilities. Both humankind and an individual are the constants of history;
they do not undergo principal changes in our days. The contemporary time, however,
belongs to the society; its measure is the most dynamic, varied and historically justified. At 
the societal level the Aesthetics is inseparable from human values, and the aesthetics is 
combined with ethics in its reference to the universal human values – Beauty, Welfare, 
Truth and Benefit (Alexandrov [1]).

AQAL (“all quadrants, all levels”), the integrated model of the Kosmos by K. Wilber 
II [18, 19], allows us to determine place of a person in the system of the whole Kosmos,
structure of its Worlds and substantiate the Human measure. Four worlds of a person are 
interrelated and interdependent: the individual internal world (I, personal, consciousness, 
mind), the individual external world (It, objectiveness, body and organism), and the 
collective inner world (We, interpersonal, culture, collective consciousness), the collective 
external world (They, inter-objectiveness, social systems and external manifestations of 
their activities). The perpetual opposition I - OTHER includes integrity and harmony of 
personality achieved by unity of the four worlds: I - WE-THEY-IT. According to
K. Wilber, the variety of truth-sets corresponds to each of personal worlds (harmony in its 
broadest sense), which allows to see the harmony of human relationships and reality, and
the outside world. On the individual level it is truthfulness, on the level of relationship 
between an individual and society it is equitableness, on the level of material external forms 
it is the truth (natural objective laws) and functional consistency (Wilber [18, 19]).

The Kosmos model helps us to identify the basic conditions and measures of unity of 
a Person and the environment: biological measure (the body), psychological measure, 
cultural measure and socio-systemic measure.

The biological measure covers correspondence of the urban forms to biophysical na-
ture of a human being: anatomical characteristics, natural bodily ability, anthropometric 
data, characteristics of vision, hearing, etc., motion in space as well as relevant spatial 
behaviour. Psychological measure covers correspondence of urban forms to cognitive 
abilities, mental nature of a human being, and comprehensibility of behavioural aims.
Cultural measure is determined by possibility of the individual cultural identification in the 
urban environment, cultural connection and correlation with the social system of values.
Socio-systemic measure includes potential for social identification of an individual, 
functional correlation between urban forms and social systems and their activities, and 
identification of a social content of an urban object. The last two measures of a human 
being are determined by the historical and social context. The cultural level of an individual 
belongs to all internal contents, values and beliefs which he shares within the community
being part of a certain social system. The measure of a Human being therefore involves - to 
a certain extent - all scaling levels of the Aesthetics.

The city visualises the gist of the spatial organization of human activities. Artificial 
urban environment is set up in a natural environment reflecting forms of both human 
culture evolution and correlations between society and nature. According to the identified 
measure of the Aesthetics, the three essential scales and measures of urban environment
development are considered aiming to humanise a city, the Human, the Society and the 
Nature. The environment is considered humane if it is balanced against the given scales and 
measures.

3. Urban environment typology
We suggest basing the environment typology on the following principles: 1) principle 

of subjectivity which determines dependence of urban environment types upon the subject’s
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nature; 2) principle of conformity that mandates compliance of urban environment with the 
Aesthetic measures.

Domination of either Aesthetic measure identifies the following urban environment 
types: naturecentric, anthropocentric, sociocentric, and integrated types. 

The measure of Nature prevails in the naturecentric environment when the natural 
environment exists as a joint ecosystem, whether it is natural or man-made by origin. The 
environment is characterised by the ecological cycles, and the natural system can exist 
without human interference or requires it occasionally. The integrated environment 
combines all or some aesthetic measures. Ecocentric and organic environments belong to 
the integrated type combining both human and nature measures. Therefore the organic 
environment appears when artificial and natural measures are harmoniously combined 
through conscious effort of the architect. Its examples can be found in the works of such
representatives of the organic approach as F.L. Wright, A. Aalto, F. Hundertwasser, 
E. Ambasz and others.

The ecocentric artificial environment requires balance between artificial and natural 
environment where the principle of nature prevails. However, the natural environment 
requires a regular or periodic maintenance without which the natural system will diverge 
and occasionally degrade. The ethnic and recreational environments are types of the 
ecocentric one. Paraphrasing Tuan [22], it is worth noting that the ethnic environment is an 
"ethnic - ecological suit," shaped up by biological or ecological requirement (bio -
ecosystem), but at the same time developed in line with concepts of social expediency, 
lifestyle, morale, rules and traditions of a particular ethnic group. Like suits can reveal the 
bodily beauty and individual taste, the landscapes of the ethnic environment show the 
harmony of relations between the ethnic group and its natural surroundings. The ethnic 
environment is characterised by correspondence of the architecture to the natural basis, the 
anthropometric scale, consistency of architectural forms and methods of their spatial 
arrangement transmitted by a certain ethnic group through times. The recreational
environment is a result of interaction between the recreational resources, structures and 
activities. Arranging of the recreational environment is a complex task of linking the of 
"man - nature - architecture" system of relationships based on integration of natural and 
artificial components, ecological zoning and bipolarity of environment. 

In the ecocentric environment the main task of architect is maintaining the balance 
between the nature and artificial environment while increasing the degree of its comfort for
humans. Table 1 shows possible means and methods of creating such an environment.

The bodily measure of the Human dominates the anthropocentric environment, where
the individual is of a fundamental value. This is completely artificial environment
characterised with human space dimensions, individual and archetypical character of 
architecture, and is in line with the laws of human visual perception. Architectural forms
have several levels of detail, expressive texture and surface finish, expressed vertical tiers
in a maximum 5-storeyed buildings. The anthropocentric environment has the following 
types: tactile, bodily, decorative and ornamental environment with increased building 
levels and scale spaces respectively. The archetypes are used in the tactile environment in 
their original form, and surface texture of obstructions is distinctive because of use of
natural materials; micro space with personal communication distances (up to 7.5 m) 
prevails, senses dominate in the perceived image. The scale of bodily environment is bigger
than that of the tactile one (distance up to 35-50 m), it has more complicated processing of 
the urban wall surfaces (obstacles), which are thoroughly worked in the decorative
ornamental environment transferring into the decoration. The information saturation of the 
decorative ornamental environment is linked with levels and detailing of facade surfaces.
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Table 1. Types of environment and means of its humanization. Ecocentric environment

Forms of environment Environment characteristics Main task, essential means and tools

1 2 3

Ecocentric environment

Balance of nature and 
artificial environment

Ecocyclicity, ecological integrity, scale 
of human space

Preservation of ecological balance and 
ethnic landscape.
Regulation of recreational load; 
supporting means and protection of 
natural components; use of eco-
technologies in the constructions; use 
of methods of the "earth" and "green" 
architecture enabling integration of 
architecture and nature

Green power station Punibach, Alps.
(http://doyoulovewhereyoulive.com/archives/striking-yet-
noninvasive-hydroelectric-power-plant-design-in-italy)

The resort Nuova Concordia, Italy (Arch. E. Ambasz) – example of “green architecture”
(http://ambasz.com/ /portfolio/specialized/Nuova-Concordia)

The anthropocentric environment sometimes has features of the integrated one, in-
cluding social aesthetic measures. First, the social status of an object, its extent and 
respectively social status of their owners is expressed through detailing and ornamentation 
of surfaces, through the high level of their development. Second, the environment has 
spaces for social communication, interaction between a person and society. The anthropo-
centric environment demonstrates the variety of historical styles and regional features. The 
main task of the anthropocentric environment is to preserve the historically valuable
environment and adapt it to the new social requirements, modern ideas of the urban 
environment comfort, and reproduction of the measure of Society and the measure of 
Nature. Possible means, tools, and examples of adaptation are given in Table 2, together 
with examples of its reconstruction.
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Table 2. Types of environment and means of its humanization. Anthropocentric environment

Forms of environment Environment characteristics Main task, essential means and tools
1 2 3

The anthropocentric environment
Predominance of the 
artificial landscape

Anthropometric scale of environment,
rich texture of surfaces, three-level
detailing of obstruction spaces Restoration, reproduction and

preservation of traditional historic
environment and the characteristics
of urban landscapes with a high
environmental values (1); change the 
existing compositional structure
environment (2); enrichment of 
composition and expression of the 
unique "place"; introduction of 
natural elements into the environ-
ment, landscape improvement,
creation of new spaces of social 
communication

Complex reconstruction of Gdansk (1)
(http://utau.com.ua/tourists/tours/tour/84)

Metropol Parasol at Plaza de la Encarnación (2). Seville, Spain. Arch. J. Meyer-Hermann. 2011
http://lol54.ru/other/104633-metropol-parasol-samyjj-bolshojj-v-mire-zont-i.html)

The society measure dominates in the sociocentric environment. It depends on human 
activity, subject to social values, where the priority is given to the needs of society and
social groups and the individual needs are sent to the back and sometimes ignored. Mezo-,
macro- and mega-spaces with distances of social control and pedestrian connectivity
dominate, with large-scale constructions varying from simple forms to the complex 
nonlinear ones. Buildings can be of different heights, styles, degrees of complexity and 
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information richness, however, all of them are specified with absence of certain structural 
levels of surfaces details, breach of the anthropometric scale. The sociocentric environment 
includes the following types: functional and rational environment, modelling, hyper 
environment, cyber environment and technical environment. Forming of the functional and
rational environment is dictated by functions, construction technologies, type design 
practice and large-scale redevelopment resulting in uniformity. Functional zoning becomes
the principal method of its layout with majority of compositional means being ignored. The
functional-rational environment still contains development of buildings up to 5 storeys 
which are scale-proportional to human and nature, which disappears in the modelling
environment. The array of tools for compositional development is increased in the
modelling environment, which start using original architectural forms, but the nature of 
human perception, the anthropometric scale are not considered, so buildings are viewed as a
coherent composition only from the upper points of perception. Hyper environment may 
stand out with its distinct complex architectural forms, diversity of buildings, sophisticated
silhouettes, but the height and size of buildings and spaces significantly exceed the
anthropometric scale. Cyber environment is the super-modernized artificial environment,
where the personal and social needs are met by use of informational, intellectual and
technical means. It is characterized by the large-scale buildings and spaces, information 
oversaturation, active use of the underground space and presence of several vertical tiers in 
urban spaces. The situation in the cyber environment is characterised by constant 
circulation of people, vehicles, images and data. Distances are compressed, time is 
compacted and feeling of a "place" disappears (Boyer [23]; Soja [24]). The main shortcom-
ing of the environment is ignoring the bodily measure of a Human, his isolation from nature
which brings up the principal task of the environment humanization (Table 3), i.e. the
reproduction of the measures of Human and Nature.

The technocentric environment is dominated by the technosphere, spaces are occupied 
with equipment, pipelines and cablings, industrial facilities, the scale of spaces and 
buildings ignores the human measure, organization of space depends on technological and 
functional processes. Since the human values in this environment fade into the background,
the main task of its reconstruction is its humanization and ecologization. Examples of 
reconstruction of such environments are given in Table 4.

4. Conclusions
According to the defined aesthetic measures we suggest the following typology of the 

urban environment: the naturecentric, anthropocentric, sociocentric and integrated types of
environment. This typology does not conflict with the existing ones and sets priorities
concerning primary means for reconstruction of urban environment. Our study identifies 
the principal problems, the key tasks of reconstruction and humanization for each of
environment types.

Summing up the research it we would like to mention that the modern urban problems
have their root in the mismatch between the identified measures and levels of the 
Aesthetics. The urban planning activity is aimed at finding means to balance the above 
named aesthetic measures.

Ultimately our research allows identifying the following project-related scientific 
approaches to humanisation of the urban environment:
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Table 3. Types of environment and means of its humanization. Sociocentric environment

Forms of environment Environment characteristics Main task, essential means and tools
1 2 3

Sociocentric environment
Predominance of 
artificial landscape

Macro-and mega-spaces dominate,
lacking degrees of the surface details of 
obstructions. The main task is a reproduction a of 

Human and Nature measures.
Introduction of natural elements,
breakdown of large spaces into the 
micro-spaces with the required level of 
detailing, landscape improvement, 
geoplastic of terrain, outline and colour
of the earth surface; invreased variety 
of environment; formation of vertical
tiers; division of pedestrian and
transport traffic; generating of
pedestrian zones

Triumphal Square Reconstruction Project. Moscow. Russia. 2013.
(http://archi.ru/news/51597/byuro-megabudka-razrabotalo-
alternativnyi-proekt-rekonstrukcii-triumfalnoi-ploschadi)

Reconstruction of the riverine areas in Madrid View prior to reconstruction

Rio Park instead of highways. Spain. 2012. «The 
Madrid Rio project adds more than 1,200,000 m2 of 
green spaces, 68,000 m2 of facilities for citizens, 
sport facilities, information centres and artistic 
installations, cultural platforms, an urban beach, 
ornamental fountains, 17 areas of playgrounds, 
kiosks, cafes, with more than 33,500 trees planted.» 
(http://www.eoi.es/blogs/antoniocalixtomoreno/page
/2/)
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Predominance of 
artificial landscape

Macro-and mega-spaces dominate,
lacking degrees of the surface details of 
obstructions. The main task is a reproduction a of 

Human and Nature measures.
Introduction of natural elements,
breakdown of large spaces into the 
micro-spaces with the required level of 
detailing, landscape improvement, 
geoplastic of terrain, outline and colour
of the earth surface; invreased variety 
of environment; formation of vertical
tiers; division of pedestrian and
transport traffic; generating of
pedestrian zones

Triumphal Square Reconstruction Project. Moscow. Russia. 2013.
(http://archi.ru/news/51597/byuro-megabudka-razrabotalo-
alternativnyi-proekt-rekonstrukcii-triumfalnoi-ploschadi)

Reconstruction of the riverine areas in Madrid View prior to reconstruction

Rio Park instead of highways. Spain. 2012. «The 
Madrid Rio project adds more than 1,200,000 m2 of 
green spaces, 68,000 m2 of facilities for citizens, 
sport facilities, information centres and artistic 
installations, cultural platforms, an urban beach, 
ornamental fountains, 17 areas of playgrounds, 
kiosks, cafes, with more than 33,500 trees planted.» 
(http://www.eoi.es/blogs/antoniocalixtomoreno/page
/2/)

Continued Table 3
1 2 3

Sociocentric environment

Transforming of Times Square into a pedestrian area. New York
(http://www.bustler.net/index.php/article/snhetta_to_redesign
_times_square_in_new_york_city/)

The introduction of eco-technologies,
reducing visual load, use of visual 
information to help identify the spatial 
orientation, putting natural constituent 
parts, use of "earth" and "green" 
architecture, change of the compositional 
environment structure, increased diversity 
of buildings

West 57th Residential Building, New York. Arch. BIG –
Bjarke Ingels Group. 
Project. (http://www.mymodernmet.com/profiles/blogs/
list/tag/modern-architecture)

Reconstruction project Novy Arbat.
Moscow. Projec. Arch. D. Onohova
(http://macos.livejournal.com/875183.html)

The High Line, in collaboration with field 
operations, it is a new 1.5-mile long public 
park built on the abandoned elevated 
railroad stretching. New York

(http://www.dezeen.com/2011/06/13/the-high-line-section-2-by-diller-scofidio-renfro-and-james-corner-
field-operations/)
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Table 4. Types of environment and means of its humanization. Technocentric environment
Forms of environment Environment characteristics Main task, essential means and tools

1 2 3
Technocentric environment

Technosphere 
dominates

Macro- and mega-spaces, industrial 
constructions, engineering and transport 
communications dominate, natural 
landscapes degrade

Landscapes reclamation, development 
regeneration, removal of industrial 
facilities and changes in the functional
purpose of territories, use of eco-
technologies, "earth" and "green" 
architecture, introduction of natural
elements; combination of archetypes
such as "perspective" and "shelter"; 
more complex composition

Andre-Citroen Park. Paris. Moving of the industrial facilities out
of town and change of environment
(http://www.guide2paris.com/information/8950/Andre-Citroen-
Park-Paris)

Existing condition

Railway rehabilitation project in Spreitenbach, Switzerland. Arch. P.Vetsh
(http://www.erdhaus.ch/main.php?lang=de&fla=y&cont=start )
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Table 4. Types of environment and means of its humanization. Technocentric environment
Forms of environment Environment characteristics Main task, essential means and tools

1 2 3
Technocentric environment

Technosphere 
dominates

Macro- and mega-spaces, industrial 
constructions, engineering and transport 
communications dominate, natural 
landscapes degrade

Landscapes reclamation, development 
regeneration, removal of industrial 
facilities and changes in the functional
purpose of territories, use of eco-
technologies, "earth" and "green" 
architecture, introduction of natural
elements; combination of archetypes
such as "perspective" and "shelter"; 
more complex composition

Andre-Citroen Park. Paris. Moving of the industrial facilities out
of town and change of environment
(http://www.guide2paris.com/information/8950/Andre-Citroen-
Park-Paris)

Existing condition

Railway rehabilitation project in Spreitenbach, Switzerland. Arch. P.Vetsh
(http://www.erdhaus.ch/main.php?lang=de&fla=y&cont=start )

1) Landscape-ecological approaches: the measure of Nature is reproduced in the 
environment. The natural components are considered as compositional and aesthetic means.
The range of directions under this approach is quite wide; it varies from aestheticization of 
environment by means of landscape architecture up to the deep-laid ecology and concept of 
the sustainable urban development.

2) Anthropo-relevant approaches: the measure of the Human is reproduced, an indi-
vidual, a personality is of key value, and the primary task is to provide conditions for
comprehensive physical and spiritual development of the individual. Features of human
visual perception, its motion and spatial behaviour, parameters of the human ecological 
niche, body anthropometric characteristics become the compositional tools for design. The 
variety of directions is determined by the complexity of the Human as the Microcosm. 
Mastering of knowledge about the human in architectural theory is a permanent process 
which leads to emerging new means of humanization: architectural ergonomics, proxemics,
physiology, video ecology, etc.

3) Socio-relevant approaches: they manage problems of a Society. These approaches 
are characterised by priority of social values. Their principal tasks include providing for 
everyday activities of a society and ethical character of the urban development.

4) Combined approaches use all the tools developed by the urban planning science 
and practice.

Certainly, the proposed typology of environment does not exhaust the issue of its
classification but suggests approaches to its development taking into account the biological, 
psychological and socio-cultural nature of a human. Clarification and extension of the 
typology including all measures of the Aesthetics leave space for further researches.
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Abstract: In this study, properties and peculiarities of hydration processes as well as 
paste microstructure of blended cements containing 10% by weight of natural zeolite were 
investigated. Free calcium hydroxide content, crystalline hydration products and micro-
structural architecture of hydrated cement pastes were examined by physical and chemical 
methods. It was found that the addition of natural zeolite provides formation of an extra 
amount of fine crystalline ettringite and tobermorite-like calcium hydrosilicates of CSH (B) 
type in the mineral non-clinker part of Portland cement resulting in strength synthesis of 
cement stone with high performance properties.

Keywords: blended cement, natural zeolite, hydration, microstructure, pozzolanic ac-
tivity, plasticizer.

1. Introduction
The analysis of modern world progress of cement industry trends evidences the in-

crease of producing of less power-consuming Portland cement, that contains mineral addi-
tives. One of the most widespread methods of obtaining this kind of cement is mixing of 
ordinary Portland cement with the additives characterized by different types of activity 
(hydraulic and pozzolanic). The use of such additives helps increase the durability of ce-
ments, particularly in aggressive environment, and decrease probability of alkaline corro-
sion [1–4].

Among well-known mineral additives with pozzolanic properties the industrial wastes 
(fuel slags, ashes) and natural pozzolana (pumice, diatomite, and zeolite) can be distin-
guished. Zeolites are of great interest due to their accessibility in large amont beds and, 
despite their crystalline structure, wonderful pozzolanic activity [5, 6].

Chemical composition of zeolite-containing rocks is not stable which can be ex-
plained by both the presence of impurities and hydrochemical conditions of their formation. 
According to Franus [7], zeolites are a group of alumosilicates of crystalline skeleton which 
includes the cavities, united by open channels - windows, that are of great importance for 
the processes related to adsorption and mass transfer. That is why zeolites are often called 
“porous crystals” or “molecular sieves” [8]. The research [9–11] shows that some natural 
zeolites, depending on the size of pores and channels, can be used for internal curing of 
hydraulic binder. Sobol et al. [12] believe that one of zeolite features is that it, in addition to 
the active binding of lime, it absorbs SO3 even more actively due to alumina (contained in 
the zeolite) - its activity (easy release from alumosilicate structure), based on dispersion and 
crystallinity.
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Wagner [13] supposes that ions of alkaline metals in zeolites can be replaced by cal-
cium, followed by zeolites destruction. Released silica and alumina bind calcium hydroxide 
by forming hydrosilicates and possibly calcium hydroaluminate. According to Sanytsky et 
al. [14], modification of cement systems by chemical admixtures leads to direct impact on 
physical and mechanical properties of the cement stone. At the same time, the processes of
structure formation of modified by chemical admixtures Portland cement mixed with the 
addition of zeolite were not sufficiently examined.

Therefore the aim of this work is to study the phase composition and microstructure 
of modified Portland cement containing natural zeolite.

2. Materials and methods of research
Zeolitic tuff from the Sokyrnytsia deposits, the Transcarpathian region of Ukraine, 

characterized by a high clinoptilolite content, and Portland cement PC I-500 were used in 
this study. The chemical composition of Portland cement and zeolite is shown in Table 1. 

Table 1. Chemical composition and mineralogical compounds of Portland cement and natural zeolite

Components

Oxides content, 
wt. %

Mineralogical composition, 
wt. %

SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O
insoluble 
residue C2S C3S C3A C4AF

Cement 22.04 4.85 3.59 65.10 1.44 0.49 - - 1.24 19.0 59.0 6.8 10.9
Zeolite 73.48 13.24 2.02 4.45 1.38 0,13 2.97 2.33 - - - - -

The physical and mechanical properties of Portland cement are presented in Table 2.

Table 2. Physical and mechanical properties of Portland cement

Specific surface,
m2/kg

Residue on sieve 008,
%

Water demand,
%

Setting time, 
min

Compressive strength,
MPa

initial final 2 days 28 days
431 0.2 29.5 160 210 25.4 52.1

The commercially available plasticizer on the basis of the water salt solution of ali-
phatic amines and detergents with a specific gravity of 1.16 was used in this study.

The mineral composition of zeolitic tuff was determined by means of a powder X-ray 
diffraction method, using a Panalytical X’pert APD diffractometer (with a PW 3020 goni-
ometer), a Cu lamp and a graphite monochromator. The analysis was performed in the 
angle range of 5–65 2 . The Philips X’Pert Highscore software was used to process the 
diffraction data. The identification of mineral phases was based on the PDF-2 release 2010 
database formalized by the ICDD.

Thermal analysis of samples was carried out using a derivatograph Q-1500D (system 
F.Paulic, J.Paulic, L.Erdey). Registration of analytical signal of mass loss and thermal ef-
fects was carried out using a computer.

The sample was analyzed in a dynamic mode of heating rate of 100C/min in air. The 
weight of the sample was 200 mg. Aluminum oxide was used as the reference substance. 
The samples were heated up to 1000 0C.

The morphology of clinoptilolite and chemical composition as regards main mineral 
components of the investigated materials was examined by scanning electron microscope 
SEM FEI Quanta 250 FEG, equipped with EDS.
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3. Results and discussion
Research of hydration processes of cement which contains zeolite and chemical mod-

ifiers, and the studies of genesis of its microstructure are very important, as they open 
a way to scientific forecasting of product properties, in particular their durability.

Investigations of Portland cement (paste 1:0, samples-cubes 2x2x2 cm) compositions 
the results of which are given in Table. 3 showed that the replacement of 10 wt.% of Port-
land cement by zeolite leads to an increase by 6% of water demand (Fig. 1). This is attri-
buted to the microstructure of zeolite, which is represented by a large number of pores
connected by a huge grid of channels. The addition of water reducing plasticizers can dimi-
nish water demand of Portland cement by 10%.

Fig. 1. Water demand for cement pastes

The initial and final setting time of the cements containing natural zeolite was shorter 
than that of reference Portland cement without zeolite. Although replacing some quantity of 
Portland cement by mineral additives usually results in a delay in setting time of cementi-
tious system due to a lower amount of clinker in the binder. The opposite phenomenon is 
observed when zeolite is added due to a rapid decrease in consistency of the blended ce-
ment pastes, which is caused by rapid absorption of water by zeolitic tuff particles just after 
preparation of cement pastes of normal consistency. This is evidenced shorter initial setting 
time in comparison with the final setting time shortening and makes 15 and 30 min respec-
tively, as the process of water absorption by zeolite grains gets slower over time because 
the zeolite particles become almost saturated.

It is stated [14] that the use of plasticizers is one of the most versatile, available and 
flexible methods of cements property regulation. Plasticizing action mechanism consists 
primarily in the formation of hydrophilic adsorption film on the entire surface of the cement 
grains and erasing new formations. This adsorption cover firmly holds on the surface a 
thick layer of water bound with the surface by molecular forces as well as part of water held 
in the adsorbed gel-like layer of surface active substances. Such stabilizing layers (adsorp-
tion hydration shell on a solid surface) perform two functions: firstly, they eliminate trac-
tion between the particles, providing hydrodynamic lubrication, namely reduce the friction 
between them, which is the main cause of increased fluidity of paste; secondly, the hydro-
philic adsorption layers inhibit heterogeneous processes of cement hydration and hydrolysis 
in the initial period because of the appearance of a significant diffusion resistance in the 
transition layers. The addition of zeolite together with the plasticizer results in initial and 
final setting time delaying by 15 and 35 min respectively compared to Portland cement
without additives (Fig. 2).
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Fig. 2. Setting time of cement pastes

The active structure formation role of zeolite and chemical admixtures is confirmed 
by the cement stone strength determination results (Table 3). Thus, the compressive 
strength of Portland cement incorporating zeolite and both zeolite and plasticizer at an early 
age, has been reduced by 10-20%. However, kinetics of strength development of Portland 
cement containing zeolite increases with time of hardening and after 28 days of curing the 
strength of such Portland cements has not yield that of Portland cement without additives.

Table 3. Compressive strength of the zeolite containing cement 
Mixture

identification
Cement composition, wt.% Compressive strength (MPa)

Portlandcement Zeolite Plasticizer 3 days 7 days 28 days
Z0 100 0 0 54.8 56.0 75.7

Z10 90 10 0 50.9 56.4 75.0
Z10P 90 10 0.42 48.8 54.8 75.5

The peculiarities of hydration processes of cement incorporating mineral additives 
and chemical admixtures were studied by the method of physical and chemical analysis. 

The diffractogram analysis has shown the evidence of active processes of hardening 
and formation of basic hydrated phases (Fig. 3). On the diffractograms of the cement hy-
drated without additives alongside with alite and belite phase lines (d/n = 0.277; 0.273 nm) 
the lines of calcium hydroxide (d/n = 0.263; 0.493 nm), and those of ettringite of small 
intensity are observed after 28 days of hardening. Partial replacement of cement by zeolite
leads to a reduction of Ca(OH)2 lines and growth of calcium hydrosulfoaluminate lines. 
Interaction of active Al2O3 with calcium hydroxide in the presence of gypsum promotes the 
formation of additional quantities of ettringite (d/n = 0.973; 0.561 nm). It should be noted 
that the phase composition of hydration products virtually does not change after the extra 
addition of plasticizing chemical admixtures.

The effectiveness of zeolite action in the hydration processes of cement compositions 
is confirmed by the research carried out using thermal analysis (Fig. 4). On the DTA curves 
of the Portland cement hydrated for 28 days endothermic peaks has been fixed at 100, 500 
and 7200C. The first peak evidences water release from calcium hydrosilicates and hydro-
sulfoaluminate, the second one - decomposition of calcium hydroxide and the third peak
corresponds to decomposition of calcium hydrocarboaluminate. Reduction of endothermic 
peak at 5000C of the zeolite containing sample shows the decrease of the amount of 
Ca(OH)2 from 15.3 (for Portland cement without additives) to 12.5% due to its reaction 
with the pozzolanic mineral additive that is confirmed by X-ray diffraction analysis. Ac-
cording to the thermogravimetry data, the total weight loss for pure cement (without addi-
tives) is 27.6 wt.% and with the addition of zeolite 10 wt.% - 24.1%.
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Fig. 3. XRD patterns of hardened cement stone after 28 days: 1) without additives; 2) with 10 wt.% of
zeolite; 3) with 10wt.% of zeolite and 0.42 wt.% of plasticizer

The electron microscopy method complements the data on the structure formation of 
cement stone. Microstructure analysis of the cement stone without additives after 28 days 
of hardening (Fig. 5) shows the intensive progress of the hydration processes. In the bulk 
microstructure is presented by a large number of hydrated formations. Some crystals have a 
shape of fine needle-like or plate-like formations, and thus contribute to the stepped growth 
of some layers of hydrated formations. In some places, tight hexagonal plates composed of 
calcium hydroxide have been changed (Fig. 5a), which is confirmed by the microprobe 
analysis (Fig. 5b).

a) b)

Fig. 4. DTA diagrams of hardened cement pastes after 28 days: a) without zeolite, b) with 10 wt.% of 
zeolite 

Microstructure of Portland cement with the zeolite additive after 28 days of hardening 
is characterized by increasing homogeneity and formation of dense submicroscopic clusters
of hydrosilicates and calcium hydrosulfoaluminates (Fig. 6). In some places crystalline 
blocks of lamellar crystals of Portlandite are observed.



Kh. Sobol, T. Markiv, V. Terlyha, W. Franus110

a)

b)
Fig. 5. SEM image (a) and EDX point (b) analysis of ordinary Portland cement stone after 28 days of 

hardening

It should be noted that fine crystalline ettringite, which is formed by hydration of 
Portland cement containing zeolite and chemical admixtures compared to hydrosulfoalumi-
nate of conventional Portland cement, does not cause dangerous internal stresses. One of 
the characteristic peculiarities of the microstructure of Portland cement incorporating zeo-
lite is a significant increase of metamikt component, confirming the effectiveness of the 
adsorption modification of binding system by admixtures of plasticizing action (Fig. 7).

Thus, the use of additives, such as zeolite and plasticizer makes it possible to create 
better hydration conditions, taking into consideration potential possibilities of the clinker 
and mineralogical components, compared with the Portland cement without additives.
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Spectrum 1

Spectrum 2
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Spectrum 3

Fig. 6. SEM image and EDX point analysis of Portland cement paste containing 10 wt.% of zeolite after
28 days of hardening

Fig. 7. SEM image and EDX point analysis of Portland cement paste containing 10 wt.% of zeolite and 
plasticizer after 28 days of hardening
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4. Conclusion
Regularities determining formulation of phase composition and microstructure of zeo-

lite-containing cement compositions have been confirmed. This allows to adjust the para-
meters of cement system, creating the possibility of formation of hydrated phases which 
reveal binding properties in the mineral non-clinker part of Portland cement. The additional 
amount of hydrosilicate of the CSH type (B) provides strength synthesis of cement stone 
with high performance properties.
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5. Podsumowanie

w tym skomputeryzowane techniki analizy obraz

poddawana odpowiednie eszcze przed 
czy zeskanowaniem powierzchni do dalszej analizy. Autorzy niniejszej 

powierzchni, bez przepro

wykonanego nie tylko 
w jnych.
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Application of stereology in engineering 
of building materials
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Abstract: The article presents the literature review about the application of stereology 
and image analysis for quantitative evaluation of the building materials structure. At the 
outset, the development of stereological methods and computer image analysis techniques in 
the study of building materials was provided. Then quantitative structure parameters were 
defined and their methods of determining were showed. In the paper, the application of 
image analysis for the determination of properties of the cement composites was reported, 
including: an assessment of the porosity of the hardened concrete, determination of the 
aggregate distribution in the cementitious matrix, the crack analysis. It was found that the 
leading problem of image analysis is the process of sample preparation in order to obtain 
the correct extraction of examinated phase, and measurement automation process.

Keywords: image analysis, stereology, quantitative structure parameters, building 
materials.
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Abstract: The aim of this paper is estimation of the effect of zeolites addition on 
properties of asphalt and examination of possible application of zeolites in mix asphalt as a 
filler. The addition of zeolites to the mix asphalt is one of the ways used for reduction of 
technological temperatures by asphalt foaming. At the same time the zeolite material 
replaces the filler. The paper presents the results of studies on the synthetic zeolite NaP1, 
natural zeolite- clinoptilolite and mineral filled.

Keywords: zeolite, warm mixed asphalt, mineral filler, mineral filled asphalt. 

1. Introduction
Zeolites are aluminosilicates of skeleton structure in which void spaces formed as 

chambers and channels occur. Their characteristic feature is ability to accumulate in the 
void spaces the crystalline structure so called zeolite water which can be removed by 
heating and then again absorbed or replaced by other substances. Such specific internal 
structure imparts many physical and chemical features to zeolites which are of significant 
importance in a large variety of industrial applications [1,2,3].

One of the latest possibilities in applications of zeolites for production of mineral and 
asphalt mix for asphalt foaming and technological temperature reduction. The hitherto 
investigations of mix asphalt with the addition of zeolites dealt mainly with synthetic 
zeolites in the patented technologies Aspha-Min and Advera. According to the producers 
recommendations of the agent reducing temperature of production and compaction– the 
zeolite Aspha-min® replaces the filler in the warm mix asphalt (WMA) procedure and it 
should be evidenced as a filler in the investigations [4,5].In this technology zeolite is mass 
batched in the amount of 0,3% in relation to the WMA mass [6,7]. Also in the case of 
alternative materials mass batching is used for lime fillers [8,9,10]. The investigations on 
possibility of applying other kinds of zeolite and on the effect of the amount of batched 
additive on properties of asphalt and mix asphalt are carried out [11,12]. Even though 
zeolite partially replaces a filler, no studies of zeolites properties with respect to their 
applicability as fillers are carried out. 

Besides binding agents and aggregates the mineral filler is an important component of 
the mix asphalt. Asphalt binding agents combined with the slurry (mastic) that is a asphalt 
binder of changed properties dependent on both the kind of filler aggregate and asphalt. 
Composition and structure of mastic can be compared to natural asphalt characterized by a 
large content of fine mineral dust. In order to improve properties of petroleum asphalt to 
mix asphalt a filler aggregate is added. The filler in the mix asphalt performs numerous 
important functions [13,14]: 

· fills the void spaces between mineral mixture grains, 
· stiffens asphalt forming mineral filled asphalt together with the binder which binds 

aggregate mix grains, 
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· improves water tightness and frost proof of mix asphalt. 
Performing the above functions depends on properties of the filler aggregate which 

are mineral composition, graining, surface area and grain shape. In the production of mix 
asphalt, mineral filler obtained from lime rock milling (so called lime flour) most 
frequently plays a role of a filler. There can be also used other materials e.g. line, mineral 
dust obtained from the installation of dust extraction during production of mix asphalt, fly-
ashes from hand coal, cement dust [15,16,17,18,19]. 

The lack of literature data about replacement of line filling material by zeolite group 
minerals motivated the authors to make laboratory tests which proved applicability of this 
type of minerals in the production of mix asphalt. 

2. Materials
Synthetic zeolite of NaP1 structure type natural zeolite-clinoptilolite and a typical 

filler applied in the production of mix asphalt i.e lime filler were used in the studies. 
Synthetic zeolite was prepared by the reaction of fly-ash conversion under hydrothermal 
conditions in the semi-technical scale. The fly-ash used in syntheses came from conven-
tional burning of hard coal in the Kozienice Electric Power Station. Natural zeolite 
(clinoptelolite) was a zeolite tuff originating from the deposit Sokyrnytsya –Transcarpathia
District (Ukraine). Lime flour from Lhoist Bukowa LTD was the reference material. 

The binders used in the studies were asphalt 35/50 and asphalt 70/100 produced by 
LOTOS Asfalt LTD. 

3. Methods of research
Mineral composition of zeolite materials and lime flour was determined by powder 

diffractometry XRD using the X-ray diffractometer PanalyticalX’pert APD with the 
goniometer PW 3020 and Cu lamp as well as a graphite monochrome. The analysis was made 
at the angle 5–65(2 ). The HighScore software was used for interpretation of diffraction data. 

Filling material graining was measured using the laser diffraction method on the ap-
paratus Malvern Mastersizer 2000 measuring particles in the range 0.02–2000 µm. 
Measurements were made in the liquid dispersion using distilled water of the refractive 
index 1.33. Before measurement the samples were twice acted upon by ultrasounds of 
maximal power (total 4 minutes). Ultrasounds came from the ultrasonic depth finder of the 
maximal power 300W. The Mie theory was used for particle size calculation. 

Textural properties i.e. , specific surface area of micropores, pore size and distribution 
were determined from the adsorption/desorption isotherms of nitrogen vapour at the
temperature of liquid nitrogen (-194.85°C) after the sample degassing under the conditions 
of strictly controlled temperature (250°C for 24h) and reduced pressure (10–3 hPa). The 
specific surface area was determined based on the Braunauer, Emmett and Teller multilayer
adsorption theory (BET) at the ratio of equilibrium pressure and nitrogen saturated vapour 
pressure p/p0 = 0.06–0.3. The pore volume Vp was determined from the volume of nitrogen 
adsorbed under the pressure p/p0 = 0.98. Pore diameters were calculated from the formula 
Dp = 4Vp/SBET.

Basic physical features of fillers were determined from the norms: 
· Specific density according to the norm PN-EN 1097-7 [20],
· Humidity according to the norm PN-EN 1097-5 [21],
· Specific surface area according to PN-EN196-6 [22] (according to Blaine).
The effect of zeolite addition on thermal sensitivity of asphalt was determined by 

penetration at 25°C according to the norm PN-EN 1426: 2009 [23] and softening point 



Application of zeolites as fillers in mix asphalt 129

· improves water tightness and frost proof of mix asphalt. 
Performing the above functions depends on properties of the filler aggregate which 

are mineral composition, graining, surface area and grain shape. In the production of mix 
asphalt, mineral filler obtained from lime rock milling (so called lime flour) most 
frequently plays a role of a filler. There can be also used other materials e.g. line, mineral 
dust obtained from the installation of dust extraction during production of mix asphalt, fly-
ashes from hand coal, cement dust [15,16,17,18,19]. 

The lack of literature data about replacement of line filling material by zeolite group 
minerals motivated the authors to make laboratory tests which proved applicability of this 
type of minerals in the production of mix asphalt. 

2. Materials
Synthetic zeolite of NaP1 structure type natural zeolite-clinoptilolite and a typical 

filler applied in the production of mix asphalt i.e lime filler were used in the studies. 
Synthetic zeolite was prepared by the reaction of fly-ash conversion under hydrothermal 
conditions in the semi-technical scale. The fly-ash used in syntheses came from conven-
tional burning of hard coal in the Kozienice Electric Power Station. Natural zeolite 
(clinoptelolite) was a zeolite tuff originating from the deposit Sokyrnytsya –Transcarpathia
District (Ukraine). Lime flour from Lhoist Bukowa LTD was the reference material. 

The binders used in the studies were asphalt 35/50 and asphalt 70/100 produced by 
LOTOS Asfalt LTD. 

3. Methods of research
Mineral composition of zeolite materials and lime flour was determined by powder 

diffractometry XRD using the X-ray diffractometer PanalyticalX’pert APD with the 
goniometer PW 3020 and Cu lamp as well as a graphite monochrome. The analysis was made 
at the angle 5–65(2 ). The HighScore software was used for interpretation of diffraction data. 

Filling material graining was measured using the laser diffraction method on the ap-
paratus Malvern Mastersizer 2000 measuring particles in the range 0.02–2000 µm. 
Measurements were made in the liquid dispersion using distilled water of the refractive 
index 1.33. Before measurement the samples were twice acted upon by ultrasounds of 
maximal power (total 4 minutes). Ultrasounds came from the ultrasonic depth finder of the 
maximal power 300W. The Mie theory was used for particle size calculation. 

Textural properties i.e. , specific surface area of micropores, pore size and distribution 
were determined from the adsorption/desorption isotherms of nitrogen vapour at the
temperature of liquid nitrogen (-194.85°C) after the sample degassing under the conditions 
of strictly controlled temperature (250°C for 24h) and reduced pressure (10–3 hPa). The 
specific surface area was determined based on the Braunauer, Emmett and Teller multilayer
adsorption theory (BET) at the ratio of equilibrium pressure and nitrogen saturated vapour 
pressure p/p0 = 0.06–0.3. The pore volume Vp was determined from the volume of nitrogen 
adsorbed under the pressure p/p0 = 0.98. Pore diameters were calculated from the formula 
Dp = 4Vp/SBET.

Basic physical features of fillers were determined from the norms: 
· Specific density according to the norm PN-EN 1097-7 [20],
· Humidity according to the norm PN-EN 1097-5 [21],
· Specific surface area according to PN-EN196-6 [22] (according to Blaine).
The effect of zeolite addition on thermal sensitivity of asphalt was determined by 

penetration at 25°C according to the norm PN-EN 1426: 2009 [23] and softening point 

according to the norm PN-EN 1427: 2009 [24]. Due to gradual release of zeolite water, the
conditioning time at 160°C from the time of mixing asphalt with zeolite to preparing 
samples was constant and it was about 30 minutes. 

The penetration index was calculated from the formula:
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where: TPIK – softening point at ºC, P – penetration grade at 25ºC, 0,1 mm.
Dynamic viscosity was studied using the apparatus Brookfield according to the norm 

ASTM D4402[25] at four temperatures corresponding to those asphalt was subjected to: 60°C
– during exploitation of the pavement, 90°C – during compaction of the mixture, 135°C –
during placement and 160°C – during production. Each examination of viscosity of asphalt 
with zeolite was made on separate samples based on the principle that the time from mixing 
asphalt with zeolite to examination is constant and it was about 30 minutes. Given the lowest 
viscosity of asphalt the optimal content of both synthetic and natural zeolite was 5% in 
relation to the binder mass [26]. To compare the effect of various types of zeolite on 
properties of asphalt, there was taken 5% addition of zeolite on proportion to the binder mass. 

In order to determine stiffening properties of zeolite and lime fillers, the studies were 
carried out on the samples of asphalt slurry. The measure of slurry stiffening was the Delta 
ring and ball softening point, in relation to softening point of road asphalt determined
according to the norm PN-EN 13179-1 [27].

4. Results of research
4.1. Characteristics of materials
Mineral composition of some types of zeolite fillers and lime filler was determined by 

means of X-ray diffractometer (XRD). The diffractograms of mineral composition of 
natural zeolite (clinoptilolite), synthetic zeolite (Na–P1) and lime filler are presented in 
Fig. 1. The presence of zeolite phases was determined based on their characteristic 
interplanar distance dhkl, for clinoptilolite the reflexes were: 8.95; 7.94; 3.36; 3.90A and for 
Na – P1 (dhkl = 7.10; 5.01; 4.10; 3.18A).

Fig. 1. Diffractograms of mineral composition a) zeolite materials b) lime filler
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The quantitative content of zeolite minerals in the filler was about 80% by volume the 
mineral composition of zeolite filler was completed with small amounts of opal CT, quartz 
and potassium feldspar for clinoptilolite [28]. Whereas in the case of synthetic materials 
these were mullite, quartz and unreacted fragments of aluminosilicate glaze. 

The predominant component in the mineral filler composition is calcite reorganized 
from the main d-spacing (dhkl = 3.03; 5.01’ 4.10; 3.18A) accompanied trace amounts of 
dolomite and quartz. 

Particle size distribution of the studied materials is presented in Fig. 2. The curve of 
zeolite Na – P1 graining represents the modal distribution of zeolite particles with the 
maximum about 25 µm. The bimodal distribution of particle sizes is represented by 
clinoptilolite filler and mineral filler. In the former particles of the diameter about 300 µm
and 25 µm are volumetrically predominant but in the latter most particles have a 25 µm
diameter and they are accompanied by the particles of a diameter 200 µm. 

Studies of textural properties of zeolites showed significant differences among the fil-
lers. The zeolite material of Na – P1 type possesses fivefold larger specific surface area –
94,48 m2/g than that of clinoptilolite which is 18.3 m2/g. Synthetic zeolite has also larger 
contribution of mesopores compared to the natural one. Practicully all textural parameters are 
definitely higher for Na–P1 compared to clinoptilolite. Lime flour is a non-porous material of 
a very small specific surface area 1.91 m2/g. Table 1 presents the textural parameters.

Fig. 2. Distribution of zeolite particle sizes

Table 1. Textural parameters of clinoptilolite, zeolite NaP1 and mineral filler

Materials
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BET

m
2
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V
mic

cm3/g

S
mic

m
2
/g

V
mes

cm3/g

S
mes

m
2
/g

D
p

nm
Clinoptilolite 18.3 0.0051 10.65 0.046 7.68 10.0

Na-P1 94.48 0.0048 10.62 0.233 85.86 8.9
Mineral filled 1.91 0.000019 1.95 0.0075 1.65 18.3

gdzie: SBET –specific surface area, Vmic/Vmes – volume of mieropores/volume of mesopores, Smic/Smes –
surface of mierpores/ surface of mesopores, Dp – average radius of pores.

The other physical properties are presented in Table 2. As follows from the studies 
absorbability of clinoptilolite is 50% but that of the synthetic zeolite Na–P1 is three times 
as high. Such large absorbability is due to large porosity of zeolite materials. Moisture 
content of both zeolite materials is larger than 1% and does not satisfy the requirements for 
fillers in mix asphalt [29]. The mineral filler is characterized by the lowest moisture content 
and absorbability. Both zeolite of Na–P1 type and clinoptilolite have lower density than the 
lime filler. According to Blaine the specific surface area of lime flour is 4703 cm2/g and 
that of clinoptilolite is 5288 cm2/g. No reliable results of specific surface area were 
obtained for the synthetic zeolite NaP1 using the Blaine method. 
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absorbability of clinoptilolite is 50% but that of the synthetic zeolite Na–P1 is three times 
as high. Such large absorbability is due to large porosity of zeolite materials. Moisture 
content of both zeolite materials is larger than 1% and does not satisfy the requirements for 
fillers in mix asphalt [29]. The mineral filler is characterized by the lowest moisture content 
and absorbability. Both zeolite of Na–P1 type and clinoptilolite have lower density than the 
lime filler. According to Blaine the specific surface area of lime flour is 4703 cm2/g and 
that of clinoptilolite is 5288 cm2/g. No reliable results of specific surface area were 
obtained for the synthetic zeolite NaP1 using the Blaine method. 
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Table 2. Basic physical properties of mineral filler, zeolite Na–P1, clinoptilolite

Materials
Density

[g/cm³]

Absorbability

[%]

Moisture
content

[%]

Specific surface area 
according to Blaine

[cm2/g]
Mineral filler 2.618 22 0.36 4703

Clinoptilolite 2.135 50 4.4 5288

zeolit Na-P1 2.319 165 7.82 Lack of results

4.2. Effect of zeolite addition on asphalt properties
The effects of zeolite addition on thermal sensitivity of asphalt are presented in Table 

3. Penetration grade of asphalt 35/50 with the zeolite material at 25°C is slightly lower than 
that for the reference sample whereas the softening point is insignificantly higher. Both 
penetration grade and softening point of asphalt with the addition of zeolite are comparable 
with the results obtained for asphalt 35/50 and the difference is within the norm scatter of 
the results. Thermal sensitivity measured by means of the penetration index changes.
However it is in the range of optimal values for asphalt ( from – 1.0 to 1.0) in each 
penetration index variant. 

Table 3. Properties of asphalt 35/50 and asphalt 35/50 with the addition of zeolite.
Asphalt properties Penetration grade

[mm]
Softening point 

[°C]
Penetration index PI 

[-]
35/50 36.5 55.80 -0.56

35/50+5% Na-P1 34.5 57.20 -0.39
35/50+5% Clinoptilolite 36 56.60 -0.42

Fig. 3. Dynamic viscosity of asphalt 35/50 with the addition of zeolite a) 60°C b) 90°C c) 135°C d) 160°C

Figure 3 presents the results of dynamic viscosity studies using the Brookfield visco-
meter which indicate that zeolite causes asphalt viscosity increase independent of 
temperature. Clinoptilolite increases viscosity to a smaller extent than the synthetic zeolite 
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Na-P1. At 160°C viscosity of asphalt with the addition of natural zeolite is lower than that 
of the reference sample. 

Figure 4 presents the results of studies on zeolite stiffening properties. Clinoptilolite is 
characterized by larger stiffening action (15°C) than the mineral filler (9°C). Replacement 
of the part of mineral filler with zeolite results in the stiffening range 10.4 – 10.6°C. The 
study with the results synthetic zeolite NaP1 was not carried out. The zeolite material 
“absorbed” asphalt due to large porosity of the zeolite material NaP1.

Fig. 4. Delta ring and ball softening point [°C]

5. Conclusions
Zeolite material differs significantly from lime flour as regards graining, chemical 

composition and textural parameters. Zeolites possess large surface area and are porous 
materials. Based on the studies of penetration grade and softening point in can be stated that 
5% addition of zeolite in relation to the asphalt mass does not have a negative effect on the
thermal sensitivity of asphalt. Similar results are obtained for the natural zeolite-
clinoptilolite and the synthetic one – Na-P1. 

Zeolite occurs in the form of dust and after mixing with asphalt it behaves like a filler 
which may increase asphalt viscosity. With 5% addition of zeolite, too small amount of 
water can be needed for bitumen foaming. 

Studies of Delta ring and ball softening point indicate that clinoptilolite causes larger 
stiffening of asphalt than mineral filler. Due to large porosity and specific surface area, the 
synthetic zeolite of Na-P1 type can not be used as an independent mineral filler. 
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Abstract The article presents the examples of the different forms of education in the 
period of building a civil society, and the deliberate creation of equal opportunities and 
development of the child, foster the construction of curriculum system: "To better 
developed skills supported the efforts in improving the function of a child with disabilities." 
Formed integration education and sports centres, primary and secondary s with all facilities 
where children are educated together in full working order and state disability after 
diagnosis (with no significant motor impairment), assisted activity of school and educational 
centres which preparing young people with mild mental retardation - to practical profession, 
allowing them to actively participate in social life. There has also been a specialist center -
Special care for musically gifted children with varying degrees of disability (deaf, visually 
impaired, cerebral palsy, autism) which appear on stage as an equal alongside the winners 
of the competitions.
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Abstract: Residential and public buildings use for heating more than 40% of the total
energy consumption in the European Union. Therefore, this paper discusses the modifica-
tions to the building energy standard, which is currently in force. It is based on the 
requirements included in the Polish technical building regulations and standards. The proper 
energy-saving police have been implemented to this kind of consumers to diminish the 
energy consumption. 

The analysis pertains to the values of heat transfer coefficients of building partitions as
well as the indexes of the energy demand for various types of buildings. The analysis was 
conducted between 1974 and 2013. Moreover; the changes within this range, which will 
come into force in 2014 and will continue to 2021, which act in accordance with the 
technical requirements suitable for buildings, were also discussed. Furthermore, minimal 
thicknesses of insulation materials which enable meeting this requirements of a heat transfer 
coefficient for building partitions, were examined in the article. 

Keywords: heat transfer coefficient, energy policy, insulation thickness, usable ener-
gy, non-renewable primary energy demand index, building energy standard, energy saving.

1. Introduction
Energy-saving policy applied for buildings has significant global impact. Energy con-

sumption in buildings in developed countries comprises 20%–40% of the world final energy 
consumption [1]. What is more, about 63% of the total energy consumption in the European 
buildings sector is also used in residential buildings [2].

Indeed, there are a lot of technical and social possibilities to reduce energy consump-
tion in existing buildings; for instance, described by Ueno et al. [3] and by Ouyang and 
Hokao [4], who proposed improving the occupants’ domestic energy consumption through 
education about energy saving behaviour.

But to reduce the energy consumption in future buildings, designers should choose the 
proper heating system and the source of its energy supply [5–7]; what is not naturally the 
fundamental and the cheapest version, and is not very often used in the final version of the 
project after consultations with investors. 

From another side, energy savings polices, which are obligatory, may significantly 
contribute to energy savings, what was also described in [8–12].
This situation may be seen in Poland (see Fig. 1), where the energy consumption per one 
person declines to a greater extent in comparison to EU27. 
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Fig. 1. Energy consumption in households per one person in Poland and EU27 [13]

Therefore, the objective of this study was to show energy-saving policy used in Poland
since 1974. What is more, it is also a prospective policy for 2021 treated as exemplary 
influence of energy policy on the energy conservation, which is on the top of commonly 
accepted energy hierarchy.

2. Energy-saving policies in Poland
During the design of a new building or the modernisation of an existing one, it is ne-

cessary to take the building energy standard requirements into account since they are 
frequently defined as requirements for a building in terms of its energy consumption. For 
over 30 years, the energy saving alterations have been introduced to the binding standards
[14–16] or technical building regulations [17,18]. Firstly, the changes referred only to 
maximal values of heat transfer coefficients (marked with ‘k’ then ‘K’ and finally ‘U’
expressed in [Wm-2K-1] for the opaque and transparent partitions. In 1998, the regulation 
which aimed at supporting thermomodernisation investments [19,20] was passed together 
with the executory order [21], which showed that thermomodernised buildings should have 
better thermal insulation parameters than the newly built ones. Furthermore, in 2002, 
additional requirements were introduced on the maximal (boundary) value of the index of 
seasonal heat demand for heating. Such an index (marked with E and expressed in [kWh m-

3year-1]) showed only building demand for usable energy; and thus, it should be calculated 
in accordance with Polish Standard [21]. The boundary value (marked with E0) depended 
on the building shape coefficient (marked with A/V, where A in [m2] was the total sum of the
area of all partitions separating the heated space from the outdoor air, the unheated space 
and ground, calculated by the external outline, V in [m3] - net cubic volume of a heated part 
of building). In 2008, the requirement concerning the building demand for nonrenewable 
primary energy was introduced to the domestic regulations. It determined the maximal value 
of annual index calculation of the demand for heating, ventilation, cooling, warm water 
preparation for residential buildings. When it comes to other buildings, there is also a 
demand for the built-in lighting. This index is marked with EP, and its value is expressed in 
[kWh m-2year-1]. Formulas allowing for the calculation of its boundary values for, a so-
called, reference building depending on its function, shape coefficient and cooling facilities, 
are stated in the technical building regulations [17]. The requirements for the thermal 
insulation of building partitions were implemented simultaneously with the introduction of 
E and EP; and additionally, in 2008 together with the thermal insulation of conduits, fittings 
and fixtures in installations. In 2002, the provisions which referred to the energy efficiency 
of fixtures and keeping the energy demand in a building at a reasonably low level, were 
introduced for the first time in the Decree of the Minister of Infrastructure [17].
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2. Energy-saving policies in Poland
During the design of a new building or the modernisation of an existing one, it is ne-

cessary to take the building energy standard requirements into account since they are 
frequently defined as requirements for a building in terms of its energy consumption. For 
over 30 years, the energy saving alterations have been introduced to the binding standards
[14–16] or technical building regulations [17,18]. Firstly, the changes referred only to 
maximal values of heat transfer coefficients (marked with ‘k’ then ‘K’ and finally ‘U’
expressed in [Wm-2K-1] for the opaque and transparent partitions. In 1998, the regulation 
which aimed at supporting thermomodernisation investments [19,20] was passed together 
with the executory order [21], which showed that thermomodernised buildings should have 
better thermal insulation parameters than the newly built ones. Furthermore, in 2002, 
additional requirements were introduced on the maximal (boundary) value of the index of 
seasonal heat demand for heating. Such an index (marked with E and expressed in [kWh m-

3year-1]) showed only building demand for usable energy; and thus, it should be calculated 
in accordance with Polish Standard [21]. The boundary value (marked with E0) depended 
on the building shape coefficient (marked with A/V, where A in [m2] was the total sum of the
area of all partitions separating the heated space from the outdoor air, the unheated space 
and ground, calculated by the external outline, V in [m3] - net cubic volume of a heated part 
of building). In 2008, the requirement concerning the building demand for nonrenewable 
primary energy was introduced to the domestic regulations. It determined the maximal value 
of annual index calculation of the demand for heating, ventilation, cooling, warm water 
preparation for residential buildings. When it comes to other buildings, there is also a 
demand for the built-in lighting. This index is marked with EP, and its value is expressed in 
[kWh m-2year-1]. Formulas allowing for the calculation of its boundary values for, a so-
called, reference building depending on its function, shape coefficient and cooling facilities, 
are stated in the technical building regulations [17]. The requirements for the thermal 
insulation of building partitions were implemented simultaneously with the introduction of 
E and EP; and additionally, in 2008 together with the thermal insulation of conduits, fittings 
and fixtures in installations. In 2002, the provisions which referred to the energy efficiency 
of fixtures and keeping the energy demand in a building at a reasonably low level, were 
introduced for the first time in the Decree of the Minister of Infrastructure [17].

The affiliation of Poland to the EU caused the necessity to implement the Directive 
2002/91/EC known as “The energetic characteristics of buildings.” In Poland, it was realised 
by the introduction of modifications to the Building Code Act as well as the executive 
regulation [23] and changes to the regulations [17,21]. The obligation to perform the energy 
characteristics of a building at the stage of its design, opening, sale or lease was imposed the 1st

of January, 2009. The uniformed methodology to determine the integrated building energy 
characteristics as well as draft the energy certificates in accordance with uniformed formulas 
presented in the Decree of the Minister of Infrastructure [23] came also into force. Further-
more, the obligation to conduct periodic inspections of boilers and air conditioning installa-
tions; not only in terms of their technical state, but first and foremost, due to the efficiency to 
generate energy and the correctness of choice of power capacity adapted to the building 
demand. In the modified technical building regulations [18]; effective from January 2014; the 
schedule for the years 2014-2021 was established. When it comes to its requirements on the 
thermal insulation of partitions and EP index, they are even more strict. 

2.1. Heat transfer coefficient (U)
2.1.1. Opaque partitions
The maximal values of heat transfer coefficients (U) for various types of opaque parti-

tions, effective in accordance with technical building regulations at particular periods, 
values binding during the preparation of energy audits used for obtaining thermomodernisa-
tion funds and the requirements (valid since January 2014, in accordance with Decree of the 
Minister of Infrastructure, Construction and Maritime Economy [18], are presented in 
Table 1. It demonstrates progressive changes and the extent to which the requirements are 
tightened within this scope, for the inside temperature of a heated room or with the
difference between the heated and unheated space of at least 16°C.

Table 1. The values of heat transfer coefficient for the selected building partitions

Partition type

Heat transfer coefficient U [W m-2K-1]
*public utility and manufacturing buildings 

** manufacturing, warehouse, outhouse buildings 

1974 1982 1991 2002 2008 1998
acc. to Decree of the Minister [18]

since
01.01.2014

since
01.01.2017

since
01.01.2021

External wall when ti

160 1.16 0.75 0.55 0.30
0.45* 0.30 0.25 0.25 0.23 0.20

Internal walls 
separating heated from 
unheated rooms

1.45 1.00 1.00 1.00 1.00 0.25 0.30 0.30 0.30

roofs, flat roofs, 
ceilings above crossings 0.70 0.45 0.30

0.45** 0.30 0.25 0.22 0.20 0.18 0.15

Ceilings below the 
unheated attic 0.93 0.40 0.30 0.30 0.25 0.22 0.20 0.18 0.15

Ceilings above heated 
and unheated rooms 1.16 1.00 0.60

1.00** 0.60 0.45
0.80** 0.50 0.25 0.25 0.25

Floors on ground 1.16 0.60 0.67 0.67 0.50 –(1) 0.30 0.30 0.30
Walls adjoining to 
ground –(2) 1.00 1.00 1.00 –(1) –(1) –(1) –(1) –(1)

(1) – not determined, (2)- without requirements
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2.1.2. Windows, balcony doors and exterior doors
Similarly to the item 2.1.2, the maximal values of heat transfer coefficients (U) of 

windows and balcony doors are displayed in Table 2; whereas, in the case of exterior doors 
they are presented in Table 3. The tables illustrate continuous changes and the extent to 
which the requirements for various types of buildings, allowing for different internal 
temperatures and a climate zone, are tightened.

Table 2. The values of heat transfer coefficient for windows and balcony doors

Partition type

Heat transfer coefficient U [W m-2K-1]

1974 1982 1991 2002 2008 1998
A

acc. to Decree of the Minister 
[18]

sine
01.01
2014

sine 
01.01.
2017

since
01.01.
2021

Windows in residential and 
multi-apartment residential 
buildings I, II, III zone,
ti

0C

2.0÷
5.8 2.6 2.6 2.6 1.8 1.9 1.3 1.1 0.9

Windows in residential and 
multi-apartment residential 
buildings IV and V zone,
ti

0C

2.0÷
5.8 2.0 2.0 2.0 1.7 1.7 1.3 1.1 0.9

Roof windows ti
0C 2.0÷

5.8 –(1) –(1) 2.0 1.8 1.8;
1.7 1.5 1.3 1.1

Roof windows ti < 160C 2.0÷
5.8 –(1) –(1) –(1) 1.8 –(1) 1.8 1.6 1.4

Windows in public utility 
buildings ti

0C
2.0÷
5.8

2.6
or
2.0

2.6
or
2.0

2.3 1.8 –(2) 1.3 1.1 0.9

Windows in public utility 
buildings 80C < ti < 160C

2.0÷
5.8 4.0 4.0 2.6 2.6 –(2) 1.8 1.6 1.4

Windows in manufacturing 
buildings ti

0C
2.0÷
5.8 2.6 2.6 2.6

1.9
or
1.7

–(2) 1.3 1.1 0.9

Windows in manufacturing 
buildings 120C < ti < 200C

2.0÷
5.8 4.0 4.0 4.0

1.9
or
1.7

–(2) 1.8 1.6 1.4

(1) – Not determined, (2) – As for residential

Table 3. The values of heat transfer coefficient for exterior doors

Partition type

Heat transfer coefficient U [W m-2K-1]

1974 1982 1991 2002 2008 1998
A

acc. to Decree of the Minister [18]
since

01.01.2014
since

01.01.2017
since

01.01.2021
Doors in residential and 
multi-apartment 
residential buildings

1.6÷
5.8

1.1÷
5.6 3.0 2.6 2.6 –(1) 1.7 1.5 1.3

Doors in public utility 
buildings

1.6÷
5.8

1.1÷
5.6 3.0 2.6 2.6 –(1) 1.7 1.5 1.3

Doors in manufacturing 
buildings

1.6÷
5.8

1.1÷
5.6

1.4;
3.0

1.4;
3.0 2.6 –(1) 1.7 1.5 1.3

(1) – Not determined
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Table 3. The values of heat transfer coefficient for exterior doors
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Heat transfer coefficient U [W m-2K-1]
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2.2. The index of usable energy demand (E)
In April 2002 [17], the requirement referring to the index boundary values E0 (season-

al demand for thermal energy to heat a building) was introduced for the first time to the 
regulation “concerning technical requirements, which buildings and their locations should 
comply with” for multi-family and multi-apartment buildings as well as for a single family 
building. The index boundary values E0 is calculated according to the dependencies 
presented in Table 4 (E0

* is given for 2.5 meters of room clear height) and by taking the 
shape coefficient of building (A/V) into account. When it comes to the calculations of E
index, the Polish Standard [22] was valid. The requirements of regulation on energy savings 
and thermal insulation were assumed to be fulfilled for a single family building if the 
building partitions complied with the requirements of heat transfer coefficients (U) or E
value did not exceed E0 value; whereas as for multi-family and multi-apartment buildings, 
the requirements of E and U should be met. In the case of a public utility building and 
manufacturing building, it was sufficient to meet the requirements of U. Such provisions 
were in force until November 2008.

Table 4. The boundary values E0 according to the Decree of the Minister of Infrastructure [17]

Number of 
case

A/V E0 E0
*

[m-1] [kWh m-3 year-1] [kWh m-3 year-1]
1 29.0 72.5
2 0.20÷0.90 26.6 + 12 ·  A/V 2.5 ·  (26.6 + 12 ·  A/V)
3 37.4 93.5

2.3. The index of the demand for nonrenewable primary energy (EP)
In November 2008, together with the regulations compulsory to perform the energy 

characteristics of a building, the provisions on determining the boundary index values of the 
demand for nonrenewable primary energy EP expressed in [kWh m-2year-1], entered into 
force. The buildings were divided according to the two criteria i.e. the function and the 
occurrence of a cooling installation. While determining EP index, the energy for different 
purposes should be taken into consideration depending on the building adherence to a given 
group, which is presented in Table 5. 

Table 5. Criteria for the division and types of energy demands of a building

Building type
Energy for 
heating and 
ventilation

Energy for 
the hot water 
preparation 

Energy for 
cooling

Energy for 
built-in 
lighting

Residential building without a cooling 
installation + +

Residential building with a cooling 
installation + + +

Multi-apartment, public utility or 
manufacturing building without a cooling 
installation

+ + +

Multi-apartment, public utility or
manufacturing building with a cooling
installation

+ + + +

+ the demand for energy should be determined 
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Table 6. The determination of index value EP according to the Decree of the Minister of Infrastructure, 2008

Type of energy demand

Determination method EP [kWh m-2 year-1]
Building type

Residential building Multi-apartment, public utility, manufactur-
ing building

For heating and 
ventilation

A/Ve 0.2 EPH = 73
0.2 e 1.05 EPH = 55 + 90 · ( A/Ve )
A/Ve 1.05 EPH = 149.5

For the hot water 
preparation EPW = 7800 / (300 + 0.1·Af) EPW = 1.56 ·19.10 · Vcw · bt /a1

For cooling C = (5+15·Aw,e/Af)(1-
0.2·A/Ve)·Af,c/Af

C= (10 + 60·Aw,e/At) ( 1-0.2· A/Ve)·Af,c/Af

For built-in lighting Not determined L = 2.7· PN · t0 / 1000

EP value EPH+W = EPH + EPW or
EPH+W+C = EPH W C

EPH+W+L = EPH W L
EPH+W+C+L = EPH W L C

where: 
Af – heated usable area, A – total area of partitions separating heated part from outside air, ground, and the 
unheated part, Ve – heated cubic volume, A/Ve – shape coefficient of a building, Aw,e – area of external walls 
calculated by the external outline of a building, Af,c – cooled usable area, Vcw – unitary daily consumption of 
water per one reference unit [dm3 day-1], bt – dimensionless time of the use of warm water system per 
annum, a1 – share of area Af per one reference unit, PN – electric power reference [Wm-2], t0 – time of 
lighting use per annum [h year-1]

Table 7. Requirements on EP according to the Decree of the Minister of Infrastructure, Construction and 
Maritime Economy (2013) in force since 01.01.2014

Type of energy demand Building type Maximal index value of nonrenewable primary energy 
demand [kWh m-2 year-1]

- - since 1 January
2014

since 1 January 
2017

since 1 January
2021

for heating and warm 
water preparation
EPH+W

residential:
- single family
- multi-family

120
105

95
85

70
65

multi-apartment 95 85 75
public utility:
- public health care
- other

390
65

290
60

190
45

farm building 
warehouse
manufacturing 

110 90 70

for cooling
EPC

residential EPC = 10·Af,c/Af C = 5·Af,c/Af

other EPC = 25·Af,c/Af

for built-in lighting
EPL

residential not applicable

other

L = 50 L = 25
operating time up to 2500 h/year

L = 100 L = 50
operating time above 2500 h/year

EP value

residential buildings without cooling: EP = EPH+W

residential buildings with cooling: EP = EPH+W C

other buildings without cooling: EP = EPH+W L

other buildings with cooling: EP = EPH+W C L

where: 
Af – heated usable area, Af,c – cooled usable area
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for built-in lighting
EPL

residential not applicable

other

L = 50 L = 25
operating time up to 2500 h/year

L = 100 L = 50
operating time above 2500 h/year

EP value

residential buildings without cooling: EP = EPH+W

residential buildings with cooling: EP = EPH+W C

other buildings without cooling: EP = EPH+W L

other buildings with cooling: EP = EPH+W C L

where: 
Af – heated usable area, Af,c – cooled usable area

Whereas, the provisions enabling the determination of the boundary values of EP
index are shown in Table 6. It should also be stated that as for a reconstructed building, it is 
permitted to increase these values no more than 15%. These regulations were in force until 
the 31st of December, 2013. Nevertheless, as in the case of tightening the requirements of 
heat transfer coefficients U, stringent requirements concerning the boundary values of EP
index and the modifications to the manner of its calculation were introduced since the 1st of 
January, 2014. The modifications and their time schedule are demonstrated in Table 7.

3. A case study
This case study compares the boundary values EP according to still valid technical 

building regulations to the values which have come in force in January 2014. Three types of 
buildings were selected to the analysis: a multi-family building, a nursing home and an 
office building. The characteristic parameters of the buildings are shape coefficient of a 
building (A/Ve) equal to 0.6, heated usable area (Af) equal to 1000 m2 and area of external 
walls calculated by the external outline of a building (Aw,e) equal to 1300 m2. It was also 
assumed that the whole area (Af) is cooled (when a cooling installation occurs in a building).
All calculations on this section are performed in accordance with the Decree of the Minister 
of Infrastructure, Construction and Maritime Economy [18], EN ISO 13790 [24] and EN 
ISO 6946 [25].

The results of this analysis are shown in Table 8 and in Figure 2.

Table 8. Sample boundary values of EP index

EP Legal basis Type of energy 
demand

Type of the building
multi-family 

building nursing home office

without 
cooling

with 
cooling

without 
cooling

with 
cooling

without 
cooling

with 
cooling
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heating 109 109 109 109 109 109
warm water 19.5 19.5 435.8 435.8 6 6

cooling - 21.6 - 77.4 - 77.4
lighting - - 337.5 337.5 135 135

IN TOTAL 128.5 150.1 882.3 959.7 250.0 327.4
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heating and 
warm water 105 105 390 390 65 65

cooling - 10 - 25 - 25
lighting - - 100 100 50 50

IN TOTAL 105 115 490 515 115 140

si
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e 
1 

Ja
nu
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y 

20
17

heating and 
warm water 85 85 290 290 60 60

cooling - 10 - 25 - 25

lighting - - 100 100 50 50
IN TOTAL 85 95 390 415 110 135

si
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e 
1 

Ja
nu
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y 

20
21

heating and
warm water 65 65 190 190 45 45

cooling - 5 - 25 - 25
lighting - - 50 50 25 25

IN TOTAL 65 70 240 265 70 95
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Fig. 2. EP boundary value for particular types of buildings

By contrast, the modification of thermal insulation of building partitions is based on 
continuous decrease in the maximal values of heat transfer coefficients (U) of these 
partitions. As a result, in new building or while reconstructing existing ones, there is a 
necessity to apply bigger thickness of traditional insulation materials or to replace them with 
materials with lower heat conductivity coefficient ( ). The minimal thicknesses of insulation 
materials for various values, for sample U values in initial condition and target U values 
consistent with valid technical building regulations, are presented in Table 9 for the external 
wall, and in Table 10 for the flat roof. Moreover, the difference in the trade thickness of 
insulation ( d) between current requirements and target ones in 2021, was calculated.

Table 9. The minimal insulation thickness for an external wall

Initial value U
[W m-2K-1]

of insulation 
material

[W m-1K-1]

d – insulation thickness [cm]
U – target value [W m-2K-1]

d trade [cm]
0.30 0.28 0.25 0.23 0.20

1.16
0.040 9.9 10.8 12.6 13.9 16.6 7
0.031 7.7 8.4 9.7 10.8 12.8 5

0.75
0.040 8.0 9 10.7 12.1 14.7 7
0.031 6.2 6.9 8.3 9.3 11.4 5

Table 10. The minimal insulation thickness for a flat roof

Initial value U
[W m-2K-1]

of insulation 
material

[W m-1K-1]

d – insulation thickness [cm]

U – target value [W m-2K-1]
d trade [cm]

0.30 0.25 0.20 0.18 0.15

1.70
0.043 11.8 14.7 19.0 21.4 26.1 15

0.035 9.6 11.9 15.4 17.4 21.3 12

1.20
0.043 10.8 13.6 17.9 20.3 25.1 15

0.035 8.8 11.1 14.6 16.5 20.4 12
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By contrast, the modification of thermal insulation of building partitions is based on 
continuous decrease in the maximal values of heat transfer coefficients (U) of these 
partitions. As a result, in new building or while reconstructing existing ones, there is a 
necessity to apply bigger thickness of traditional insulation materials or to replace them with 
materials with lower heat conductivity coefficient ( ). The minimal thicknesses of insulation 
materials for various values, for sample U values in initial condition and target U values 
consistent with valid technical building regulations, are presented in Table 9 for the external 
wall, and in Table 10 for the flat roof. Moreover, the difference in the trade thickness of 
insulation ( d) between current requirements and target ones in 2021, was calculated.

Table 9. The minimal insulation thickness for an external wall

Initial value U
[W m-2K-1]

of insulation 
material

[W m-1K-1]

d – insulation thickness [cm]
U – target value [W m-2K-1]

d trade [cm]
0.30 0.28 0.25 0.23 0.20

1.16
0.040 9.9 10.8 12.6 13.9 16.6 7
0.031 7.7 8.4 9.7 10.8 12.8 5

0.75
0.040 8.0 9 10.7 12.1 14.7 7
0.031 6.2 6.9 8.3 9.3 11.4 5

Table 10. The minimal insulation thickness for a flat roof

Initial value U
[W m-2K-1]

of insulation 
material

[W m-1K-1]

d – insulation thickness [cm]

U – target value [W m-2K-1]
d trade [cm]

0.30 0.25 0.20 0.18 0.15

1.70
0.043 11.8 14.7 19.0 21.4 26.1 15

0.035 9.6 11.9 15.4 17.4 21.3 12

1.20
0.043 10.8 13.6 17.9 20.3 25.1 15

0.035 8.8 11.1 14.6 16.5 20.4 12

4. Conclusion
Energy-saving policy used in Poland since 1974 and proposed to 2021 is the good 

example of influence of energy policy on energy conservation.
From the analysis conducted, it appears that in the considered period, substantial de-

crease of heat transfer coefficients (U) occurred for several times in Poland. When it come 
to the technical building regulations, in force since January 2014, further limitations of this 
parameter are imposed.

The boundary value of the demand index for nonrenewable primary energy EP de-
creased considerably for different types of buildings.

The modifications introduced impose meeting both requirements of U and EP, not 
only U or only EP as it was so far. The limitation on the value of U coefficients forces the 
application of bigger thicknesses of thermal insulation for sample partitions i.e. 7 cm or 5 
cm for an external wall, and 12 cm or 15 cm for a flat roof depending on the heat conductiv-
ity coefficient of an insulation material. All the described modifications to thermal 
insulation cause the reduction of heat consumption in a building which leads to the 
limitation of carbon dioxide emissions into the atmosphere. Consequently, such 
a phenomenon contributes to the realisation of the Polish Energy Policy premises.
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