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THE ASSESSMENT OF FIRE SAFETY
OF STEEL STRUCTURAL ROOF

Abstract
The paper provides a fire analysis of steel structural roof. The analysis was carried in accordance with the Eurocode. The
fire impact on the structure was evaluated with respect to three criteria: bearing capacity, temperature and time. To carry

out the numerical analysis, the Robot system was used.

Keywords: steel structures, structural roofs, fire safety

1. Introduction

In the paper, the fire performance of a steel structural
roof, also called a lattice mattress, was analyzed. Such
roofs have many advantages, high stiffness being
a major one. It makes it possible to reduce middle
supports, or eliminate them completely, and thus to
obtain free space. Arbitrary spacing of supports is
also possible due to advantageous load distribution in
lattice mattress. Another advantage of steel structural
roofs is the possibility of making, to a large extent,
connections standardized. Additionally, it is possible
to assembly whole roof slopes and to prefabricate roof
components in the factory or at the construction site.
The other method offers an advantage in transport,
because the lattice mattress can be transported in
basic grillage units, including flat or spatial repetitive
segments, bars and nodes [1].

Structural roofs should be used for the span of
18-60 (100 m). The roof slenderness, which is span
to structural height ratio, should be of the order of
10-25 [2].

2. The steel properties at elevated temperature

Steel is a widely used material in construction
because of its advantageous properties, mainly
mechanical ones. Steel, however, has some drawbacks.
The major, most serious one is steel extremely low
resistance to high temperatures. Steel substantial
vulnerability to fire temperatures results from the
fact that the properties of the material significantly
deteriorate with an increase in temperature.

2.1. The mechanical properties of steel at elevated
temperatures

The most important mechanical properties of steel
include the following: elastic modulus, yield stress
and coefficient of thermal expansion. Figure 1 shows
curves developed by various researches to describe
changes in steel mechanical properties with an
increase in temperature [3].

Fig. 1. The mechanical properties of steel at elevated
temperature
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2.2. The thermal properties of steel at elevated
temperatures

The most important thermal properties of steel are
specific heat and a thermal conductivity coefficient.
Curves in Figure 2 show changes in those parameters
with a temperature increase [3].

Fig. 2. The thermal properties of steel at elevated
temperature

3. Fire analysis of steel structural cover

The structural roof shown in Figure 3 was subjected
to the fire analysis.

2000 2000 2000 _ 2000 _ 2000 |

2000

Fig. 3. The geometry of the analyzed structural roof

Bars were designed to be made of S235 steel. The
load included the following: the structure dead load,
reinforced concrete plate 10 cm in thickness, finishing
layers (1.5 kN/m’) and glass 8 mm in thickness,
covering the structure side walls. The 1st wind zone
and 2nd snow zone were assumed [3, 4].

The analysis was carried out using the Robot
system. Initially, calculations were made for usual
structure performance conditions, without taking into
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account fire impact. In Figure 4, the highest strained
bars (81-88%) were marked with a thick line.

NI/

Fig. 4. The strain on structural roof bars without
accounting for fire impact

Then, the fire analysis of unprotected structure
according to [6, 7] was performed. It was assumed
that the whole structure was affected by fire spreading
from the bottom. The calculations were made for three
areas permitted by the Eurocode: time, temperature
and bearing capacity.

Fire analysis results are shown in Figure 5. Bars
denoted with thick lines exceed the safety condition.
Dashed line shows the elements that exceeded, to
the largest extent, the conditions corresponding to a
given area (time, temperature, bearing capacity).
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Fig. 5. The results of fire analysis with reference to:
a) temperature, b) bearing capacity, c) time

The next step was to select the fireproofing
insulation. The use of vermiculite cement, 5 mm in
thickness, provides the analyzed structure with R15
class fire resistance. Increasing thickness of insulation
to 1 cm ensures R30 class.
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4. Conclusions

The analysis presented in the paper confirms that
steel is extremely sensitive to high temperatures. This
fact makes it necessary to carry out fire analysis for
the structures made of steel. Fire of steel buildings
not only leads to substantial material losses, but it
also poses a serious hazard to human life and health.
The Eurocode proposes algorithms that make it
possible to perform analysis of steel structure under
fire conditions. However, the example presented in
the paper shows that methods compliant with the
code, which rely on the bearing capacity, temperature
and time produce different results. Consequently,
none of them can be considered fully safe. The
problem posed in the paper indicates it is necessary
to develop a standardized method of fire analysis of
steel structures which would be capable of producing
reliable and unambiguous results.

Katarzyna Kubicka
Urszula Radon
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Ocena trwatosci pozarowej stalowego przekrycia
strukturalnego

1. Wstep

W niniejszym opracowaniu przeanalizowano za-
chowanie si¢ stalowego przekrycia strukturalnego,
zwanego rowniez materacem kratowym, poddanego
dzialaniu pozaru. Przekrycia tego typu maja szereg
zalet. Najwazniejsza wydaje si¢ ich duza sztywno$¢,
co umozliwia ograniczenie lub catkowite wyelimi-
nowanie podpor posrednich, a tym samym uzyska-
nie swobodnej przestrzeni. Dowolne rozmieszczanie
podpor jest mozliwe réwniez dzigki korzystnemu
rozktadowi obcigzen w materacu kratowym. Kolej-
ng zaleta struktur stalowych jest mozliwo$¢ znacznej
unifikacji potaczen. Mozliwy jest réwniez montaz
catych potaci dachow oraz prefabrykacja elemen-
tow przekry¢ w wytworni lub na placu budowy. Ten
drugi sposob jest bardzo korzystny ze wzgledu na
transport, materac kratowy moze by¢ transportowany
w jednostkach podstawowych rusztu, ktérymi moga
by¢ ptaskie lub przestrzenne segmenty powtarzalne,
a takze prety i wezly [1].

Przekrycia strukturalne powinny by¢ stosowane dla
rozpietosci 18-60 (100 m). Smuktos¢ przekrycia, czy-
li stosunek rozpigtosci do wysokosci konstrukeyjne;,
powinna by¢ rzedu 10-25 [2].

2. Wiasciwosci stali w podwyzszonych temperaturach

Stal jest materialem chetnie wykorzystywanym
w budownictwie ze wzgledu na szereg korzystnych
wlasciwosci, przede wszystkim mechanicznych. Jed-
nak nie jest to materiat pozbawiony wad. Jedna z naj-
wigkszych, jesli nie najwieksza, jest wyjatkowo niska
odporno$¢ na dziatanie wysokich temperatur. Tym co
czyni stal wyjatkowo podatna na dziatanie temperatur
pozarowych sa jej wlasciwosci, ktore ulegaja znacz-
nemu pogorszeniu wraz ze wzrostem temperatury
2.1. Wtasciwosci mechaniczne stali w podwyzszonych

temperaturach

Do najwazniejszych wlasciwosci mechanicznych
stali nalezy modut sprezystosci, granica plastyczno-
sci oraz wspOtczynnik rozszerzalnoSci termicznej.
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Rysunek 1 przedstawia krzywe opracowane przez
roznych naukowcdéw opisujace zmiany wspomnia-
nych wilasciwosci mechanicznych wraz ze wzrostem
temperatury [3].

2.2. Wrasciwosci termiczne stali w podwyzszonych
temperaturach

Najistotniejsze wlasciwosci termiczne stali to cie-
pto wlasciwe i wspotczynnik przewodnictwa cieplne-
go. Krzywe na rysunku 2 przedstawiaja zmiang tych
parametrow wraz ze wzrostem temperatury [3].

3. Analiza pozarowa stalowego przekrycia strukturalnego

Analizie pozarowej poddano stalowe przekrycie
strukturalne przedstawione na rysunku 3. Prety zo-
staly zaprojektowane ze stali S235. Jako obcigzenie
przyjeto cigzar wlasny konstrukeji, ptyte zelbetowa
o grubosci 10 cm, warstwy wykonczeniowe (1,5 kN/
m?®) oraz szklo wypelniajace boczne §cianki struk-
tury o grubosci 8 mm. Zatozono 1 strefg¢ wiatrowa
12 $niegowgq [3, 4].

Cala analiza przebiegala z wykorzystaniem syste-
mu Robot. Poczatkowo przeprowadzono obliczenia
dla normalnej sytuacji projektowej, bez uwzgled-
niania wptywu pozaru. Na rysunku 4. pogrubiong
linig zostaly zaznaczone najbardziej wytgzone prety
(81-88%).

Nastepnie przeprowadzono analize pozarowa nie-
ostonigtej konstrukcji, wedlug [6, 7] przyjmujac,
ze cala struktura zostata objeta dziataniem pozaru
od spodniej strony. Obliczenia zostaly wykonane
w trzech dziedzinach dopuszczalnych przez Eurokod:
czasu, temperatury i no$nosci.

158

Na rysunku 5 zostaty przedstawione wyniki analizy
pozarowej. Pogrubione prety przekraczaja warunek
bezpieczenstwa. Linig przerywang zostaly zaznaczo-
ne elementy, ktére w najwigkszym stopniu przekro-
czyty warunki odpowiadajace danej dziedzinie (cza-
su, temperatury, no$nosci).

Kolejnym krokiem analizy byto dobranie izolacji
ogniochronnej. Zastosowanie cementu wermikulitowe-
g0 0 grubo$ci 5 mm zapewnia analizowanej konstrukcji
klas¢ odporno$ci ogniowej R15, natomiast zwickszenie
grubosci izolacji do 1 cm zapewnia klase R30.

4. Wnioski

Przedstawiona analiza potwierdza, ze stal jest ma-
terialem wyjatkowo podatnym na dziatanie wysokich
temperatur. Fakt ten powoduje koniecznos$¢ przepro-
wadzania analiz pozarowych konstrukcji wykona-
nych ze stali. Pozar stalowych budynkow przyczynia
si¢ nie tylko do znacznych strat materialnych, ale
przede wszystkim stanowi powazne zagrozenie dla
zdrowia 1 zycia ludzi. Eurokod proponuje algorytmy,
umozliwiajagce przeprowadzenie analiz konstrukcji
stalowych w warunkach pozaru. Przyktad przedsta-
wiony w pracy wykazuje jednak, ze dopuszczalne
normowo metody: nos$nosci, temperatury i czasu daja
rézne wyniki, w zwiazku z czym zadnej z nich nie
mozna uzna¢ za w petni bezpieczng. Wspomniany
problem generuje potrzebe opracowania ujednolico-
nej metody analizy pozarowej konstrukcji stalowych,
dajacej wiarygodne i jednoznaczne wyniki.
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RESEARCH PROBLEMS THAT OCCUR DURING
THE ANALYSIS OF THE WORK OF FRP-STRENGTHENED
TIMBER BEAMS UNDER SUSTAINED LOADS

Abstract

This paper deals with the issues relating to the study of FRP-strengthened timber beams subjected to sustained loads.

A special focus was given to the variation in deformability characteristics of these materials and to the resulting processes
that occur in the work of the strengthened beams. Aims and objectives of these studies were also presented together with

the issues resulting from the requirement to maintain appropriate test conditions. The paper is a theoretical analysis of
the problem, conducted prior to the start of preliminary studies.

Keywords: timber, FRP (Fibre Reinforced Polymers/Plastics), sustained loads, timber beam strengthening, creep

1. Introduction

Timber is a unique material, which in many aspects
outperforms other construction materials. It is the oldest
building material used by man. Its high attractiveness
is associated with its structure providing advantages
unmatched by other materials. These include a very
high strength-to-weight ratio, anisotropy, low heat
conduction and easy handling. The limitations due
to its biological origin include high hygroscopic
property leading to shrinkage phenomena, swelling
and cracking. Humidity variations cause changes in
mechanical properties of the timber and its rheological
properties contribute to creep even at room temperature.
Nevertheless, timber is a renewable material and a
number of materials can be used to strengthen it and
improve the strength and stiffness of structures made
of timber elements [1, 2].

In recent years there has been considerable research
into the use of modern fibre reinforced composites,
that is, plastics reinforced with various fibres. The most
frequently used composites include:

= CFRP — Carbon Fibre Reinforced Plastic,

= GFRP - Glass Fibre Reinforced Plastic,

= AFRP — Aramid Fibre Reinforced Plastic [3, 4].

The growing interest in these composites results
primarily from their good elastic and strength
parameters and light weight. The elastic properties

of the FRP (Fibre Reinforced Polymer/Plastic) are
comparable to those of steel but their strength is
several times higher.

They have high fatigue strength, a very high tensile
strength (both short- and long term tensile strength),
a very high value of ultimate strains, resilience to
corrosion, electromagnetic neutrality and they are
easy to assemble [5]. Unlike steel, the composites do
not have a plastic range of their response to loads —
the state preceding the failure is not signalled, with
rapture taking place rapidly upon exceeding the
ultimate strain value. In addition, the composite with
fibres are sensitive to temperature.

Timber elements are reinforced with FRPs in
the form of strips or mats made with carbon, glass
or aramid fibres adhered to the surfaces under the
highest stress [6]. Other timber beam reinforcement
methods include adhering the strips in-between
individual lamellae of glulaminated timber or placing
them in the grooves cut in the solid timber beams.
Fibre plastic composites for timber strengthening are
selected to account for securing worn out elements,
increasing the load carrying capacity and limiting
deflections as well as reinforcing the damaged parts
of the beams. To ensure the desirable behaviour of
the timber element, proper composites are chosen
depending on the type of damage and its localization.
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2. Problems encountered while analysing the work
of FRP-strengthened timber beams under sustained loads

The investigations of the possible application of
fibre plastic composites to strengthening timber
structures started at late sixties and early seventies
[7-12]. In Poland, the studies and testing were
carried out in several research centres: Silesian,
Szczecin, Wroclaw, Poznan and Kielce universities
of technology [13-16]. The result from the tests
indicated a considerable increase in the load carrying
capacity and stiffness of the CFRP-strengthened
timber elements, with deflection values and stress
levels significantly reduced. The laboratory tests
[14] of the CFRP-strengthened timber beams under
bending showed a 15-28% increase in load carrying
capacity relative to the non-strengthened beams.
The conclusions reported in [15] suggest that the
strengthening of timber ceilings/floors with carbon
fibre strips has a beneficial effect on the decrease in
deflection. The result report 20% higher load carrying
capacity when strips of lower modulus of elasticity
were used and about 45% higher load carrying
capacity when strips of higher modulus of elasticity
(E =300 GPa) were applied.

Testing and investigations have contributed to
increased application of fibre plastic composites to
timber reinforcement both at the production stage and
for renovation and repairs. The literature reporting
the behaviour of reinforced timber structures under
sustained load or under different temperature and
moisture conditions is scarce. The so far reported
studies relate primarily to FRP-strengthened timber
elements subjected to short-term loads. Therefore
the benefits of investigating the behaviour of the
strengthened timber elements under sustained loads
should be analysed and the encountered problems
should be taken into account.

The analysis of the reinforced timber beams
subjected to sustained loads aims at developing the
method for preventing the effects of creep deflection,
considering how it affects the performance and
aesthetics of the structure [7]. Observation of the
changes in deflection during the tests is essential and
should include determining the time after which the
deflection stabilizes. Also the differences between the
deformation characteristics of both materials should be
paid attention to. The result of combining two different
materials into one compatible composite depends
on the similarity of their physical and mechanical
parameters and comparability of their deformation
characteristics. These characteristics include:

160

creep coefficient o,
Poissonis ratio v,
modulus of elasticity £,
shear modulus G,

* moisture related deformability o,

* thermal expansion coefficient a,.

Large differences in these parameters for the timber
and fibre plastic composites may lead to undesirable
distribution of internal forces in the resultant
structure when under short-term load, and their
redistribution when under sustained load. Additional
stress associated with temperature-moisture related
deformation can also occur. Another serious problem
lies in the fact that the deformation parameters of
timber and fibre composites as anisotropic materials
are varied depending on the fibre direction. For
example, the elasticity modules of carbon or glass
mats and strips are 6 to 25 times higher than those of
timber along the fibres and 200 — 600 times higher in
transverse direction. The creep ratios of timber and
composites are comparable along the fibres and about
4 — 10 times different in value in transverse direction
[6]. The analysis of creep in FRP-strengthened timber
beams is the key element of sustainable load testing.

Creep is the time-dependent deflection of the
material subjected to sustained load. For example,
FRP rods show a considerable susceptibility to
creep, and the intensity of this process increases with
the level of long-term load, high temperatures, and
UV radiation or humidity variations. Carbon fibres
are most resistant to creep effect, with moderate
resistance of aramid fibres and very low resistance of
glass fibres. According to the result reported in [17],
stresses in CFRP, AFRP and GFRP rods subjected
to long-term loads (the tests results extrapolated for
the period of 500 000 h), at the moment of failure
were 93, 47 and 23% their short-term tensile strength,
respectively [18].

Timber is a material with complex rheological
properties. For that reason, the selection of the proper
rheological model for describing the behaviour of the
reinforced element under plastic deformation is a very
important issue. The authors of [7] draw attention to
possible occurrence of local redistribution of stresses
in the cross-section, especially at the points where
composite beams are joined. Stress relaxation and
globally growing deformation levels are a major
problem here. Also, under long-term loads applied to
elements in bending, the stresses between the adherents
will redistribute. The effect of the adhesive-bonded
joint creep on the deformation of the composite beam
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should be considered as well. Literature-reported
functions of increasing strain over time (creep laws)
for adhesive-bonded joints, which quantitatively
define the size of the deformation, are based on the
assumption of a uniform stress status, which in this
case is an unacceptable simplification [19].

Testing time is another problem. The tests of the FRP-
strengthened beams under sustained loads are time-
consuming. To investigate the creep phenomenon,
the temperature and moisture conditions have to
be maintained at the same level, which is hardly
possible. The investigations conducted by J. Jasienko
indicate that a minor moisture effect manifested itself
in irregular deflection rates [20]. The tests for the
strengthened beams under sustained loads should be
carried out concurrently for different reinforcement
systems and FRP materials. Conducting tests one after
another varying the reinforcement methods and using
different FRP mats or strips makes the test results
incomparable due to the differences in temperature
and moisture conditions.

3. Conclusion

Reinforcing timber structures with FRP materials
is undoubtedly an effective method for improving the
strength and stiffness of the timber and decreasing
rheological deflection rate. Acknowledging the
strengthening possibilities offered by the composites,
the focus should be put on the specificity of timber-
composite interaction, especially under sustained
loads, and on variable moisture conditions. Analysis of
basic rheological processes is the key point in studying
multi-material beam working under long-term loads.
Positive results of laboratory tests, even when the same
temperature and moisture conditions are maintained,
have to be carefully verified before practical application
of the FRP-strengthened timber, as the knowledge of
their in-service behaviour is still insufficient.
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Problemy badawcze wystepujace podczas analizy
pracy belek drewnianych wzmocnionych materiatami
kompozytowymi z tworzyw sztucznych zbrojonych
roznego rodzaju wioknami w zakresie
obciazen diugotrwatych

1. Wprowadzenie

Drewno pod wieloma wzgledami przewyzsza inne
materiaty konstrukcyjne. Jest to najstarszy materiat
budowlany stosowany przez czlowieka. Wysoka war-
tos¢ drewna wiaze si¢ z jego budowa, z ktérej wynika-
ja zalety niespotykane w innych materiatach. Dzieki
swojej budowie drewno ma duza wytrzymatos¢ przy
niskim cigzarze wiasciwym. Drewno jest materialem
anizotropowym (ortotropowym). Odznacza si¢ ni-
skim przewodnictwem ciepta oraz jest tatwe w obrob-
ce. Niestety ze wzgledu na biologiczne pochodzenie,
drewno ma réwniez wiele wad, miedzy innymi wy-
soka higroskopijnos¢, co powoduje rozwdj zjawisk
skurczu, pecznienia i pekania. Istotnym problemem
jest zmiana wilasciwos$ci mechanicznych, jakie za-
chodza przy wahaniach wilgotnosci oraz wynikajace
z wlasciwosci reologicznych pelzanie drewna, nawet
w temperaturze pokojowej. Niemniej jednak drewno
mozna produkowac w sposob ciagly, a szereg materia-
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Iow wystepujacych na rynku mozne zosta¢ uzytych do
jego wzmocnienia i tym samym poprawienia wytrzy-
malosci 1 sztywnosci konstrukcji wykonanych wiasnie
z elementow drewnianych [1, 2].

Jako materiat wzmacniajacy konstrukcje drewnia-
ne coraz czesciej stosuje si¢ nowoczesne materiaty
wiloknokompozytowe. Najogélniej mowigc sa to
tworzywa sztuczne zbrojone réznego rodzaju wiok-
nami. Najczesciej stosowane kompozyty to:

= zbrojone wtoknami weglowymi (CFRP — Carbon

Fibre Reinforced Plastic),

= zbrojone wtdknami szklanymi (GFRP — Glass Fi-

bre Reinforced Plastic),

= zbrojone wtdknami aramidowymi (AFRP — Ara-

mid Fibre Reinforced Plastic) [3, 4].

Zainteresowanie kompozytami wynika przede
wszystkim z ich dobrych parametrow sprezysto-wy-
trzymatosciowych oraz niewielkiego ciezaru. Wtasno-
sci sprezyste kompozytow wioknistych FRP (Fibre Re-
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inforced Polimers/Plastics) sg porownywalne ze stala,
natomiast ich wytrzymato$¢ jest kilkakrotnie wyzsza.

Inne wtasno$ci tych materiatow to: wysoka wytrzy-
matos¢ zmeczeniowa, bardzo wysoka wytrzymatos$c
na rozcigganie (zarowno dorazna jak i dlugotrwata),
bardzo wysoka warto$¢ odksztatcen granicznych, od-
pornos¢ na korozje, obojetnos¢ elektromagnetyczna,
latwo$¢ montazu [5]. Zbrojenie elementu drewniane-
go kompozytami widknistymi polega na przyklejeniu
tasmy lub mat z wldkien weglowych, szklanych czy
aramidowych do najbardziej wyt¢zonych powierzch-
ni konstrukcji [6]. Innymi metodami zbrojenia belek
drewnianych sa np.: wklejanie ta§m pomiedzy po-
szczegblne lamele drewna klejonego warstwowo, czy
tez umieszczenie tasm w nacieciach belek z drewna
litego. Wybierajac kompozyty wtokniste do wzmac-
niania konstrukcji drewnianych wazne jest zarowno
zabezpieczenie elementéw wykazujacych skutki zu-
zycia, konieczno$¢ zwigkszenia nosnosci i ogranicze-
nia ugi¢¢, a takze wzmocnienie uszkodzonych cze-
Sci belek. W zalezno$ci od rodzaju uszkodzen oraz
miejsca ich wystapienia mozna dobra¢ odpowiedni
kompozyt wtoknisty oraz sposob aplikacji, tak by za-
pewni¢ odpowiednig prace elementu.

2. Problemy badawcze podczas analizy pracy drewnianych
belek wzmocnionych FRP poddanych obciazeniom
ditugotrwatym

Badania nad mozliwoscig zastosowania kompo-
zytow w konstrukcjach drewnianych rozpoczgto
(w tym i w Polsce) na przetomie lat szes¢dziesiatych
i siedemdziesiatych [7-12]. Badania elementoéw zgi-
nanych, rozcigganych i $ciskanych wzmocnionych
wltoknami weglowymi zostaty zrealizowane m.in.
w Politechnikach: Slaskiej, Szczecinskiej, Wroctaw-
skiej, Poznanskiej i Swietokrzyskiej [13-16]. Wyniki
szeregu przeprowadzonych badan wykazaly znacz-
ny wzrost nos$nosci i sztywnosci elementow drew-
nianych wzmocnionych tasmami CFRP, natomiast
wartosci ugigcia belek i naprezen w drewnie zostaty
powaznie zredukowane. Wykonane badania labora-
toryjne [17] zginanych belek drewnianych, wzmoc-
nionych tasmami CFRP wykazaly wzrost nosnosci
o 15-28% w stosunku do belek niewzmocnionych.
Wnhioski przedstawione w pracy [15] pokazuja, iz
wzmocnienie stropow drewnianych tasmami z wilo-
kien weglowych wplywa przede wszystkim korzyst-
nie na redukcje ugie¢. Uzyskano wyniki na poziomie
20% zwickszonej nosnosci, z uwagi na osiagniecie
stanu granicznego ugiec (dla tasmy o nizszym modu-
le sprezystosci). Natomiast przy zastosowaniu taSmy

o wyzszym module sprezystosci (E = 300 GPa) uzy-
skany wzrost no$nosci to okoto 45%.

Dzigki przeprowadzonym badaniom i uzyskanym
wynikom, coraz czesciej stosuje sie kompozyty
wldkniste do zbrojenia drewna zaréwno juz na etapie
produkcji, jak 1 w renowacji i remontach. Stosunko-
wo niewiele jest badan dotyczacych zachowania si¢
zbrojonych konstrukcji drewnianych pod obcigze-
niem dlugotrwatym, czy tez w réznych warunkach
temperaturowo-wilgotnosciowych. Analiza badania
belek wzmocnionych poddanych dlugotrwatemu ob-
cigzeniu ma na celu m.in. opracowanie sposobu za-
pobiegania skutkom narastania ugi¢¢ w czasie, bio-
rac pod uwage ich wplyw na uzytkowanie i estetyke
konstrukcji [7]. Istotna jest obserwacja zmian ugigcia
belek w trakcie badan, a takze sprawdzenie po ja-
kim okresie nastepuje stabilizacja ugie¢ elementow.
W badaniach belek drewnianych wzmocnionych ma-
teriatami FRP poddanych dlugotrwalemu obcigzeniu,
nalezy zwroci¢ uwage na zréznicowanie cech od-
ksztalcalnos$ci obu tych materialow. Efekt zespolenia
roznorodnych materiatow w jedna kompatybilng ca-
los¢ zalezy od podobienstwa ich parametrow fizycz-
nych i mechanicznych. Aby polaczenie materiatu
kompozytowego z drewnem byto kompatybilne waz-
ne jest by ich cechy odksztatcalnosci byly porowny-
walne. Do cech tych zaliczamy wspotczynnik petza-
nia @, wspdtczynnik Poissona v, modul sprezystosci
E, modut odksztatcenia postaciowego G, odksztatcal-
nos¢ wilgotnosciowy o, , wspotczynnik rozszerzalno-
Sci termicznej a,.

Duze zréznicowanie powyzszych parametrow dla
drewna i kompozytow witoknistych moze prowadzic¢
do niekorzystnego rozktadu sit wewnetrznych w ze-
spolonej konstrukcji pod obcigzeniem doraznym i ich
redystrybucji pod obcigzeniem dtugotrwatym. Moga
pojawic si¢ rowniez dodatkowe naprezenia, zwigzane
z odksztatceniami temperaturowo-wilgotnosciowy-
mi. Istotnym problemem jest takze fakt, iz parametry
odksztalcalnosci drewna i kompozytow witoknistych
jako materiatow anizotropowych s3 zmienne, za-
leznie od kierunku witokien. Dla przyktadu: moduty
sprezystos$ci mat 1 tasm weglowych lub szklanych sa
wieksze od modutéw sprezystosci drewna wzdhuz
wlokien o 6 — 25 razy, natomiast w poprzek wiokien
0 200 — 600 razy. Biorgc pod uwage wspotczynniki
petzania kompozytéw i drewna to wzdtuz wiokien
sg one porownywalne, natomiast w poprzek widkien
roznig si¢ o 4 — 10 razy [6]. Analiza petzania ele-
mentéw drewnianych wzmocnionych FRP to istotny
punkt badan w obciagzeniu dlugotrwatym.
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Petzanie jest zjawiskiem polegajacym na wzroscie
odksztalcen materialu wraz z uptywem czasu, podda-
nego statemu obcigzeniu. Dla przyktadu prety FRP
wykazuja znaczng podatno$¢ na proces pelzania.
Wraz ze wzrostem poziomu dtugotrwatego obcigze-
nia oraz wystepujacych takich warunkéw srodowiska
jak wysoka temperatura, promieniowanie UV, wa-
hania wilgotnosci, wzrasta intensywno$¢ zjawiska
petzania dla materialdow FRP. Witokna weglowe sa
najbardziej odporne na wptyw pelzania, podczas gdy
witokna aramidowe wykazuja umiarkowang, a wtok-
na szklane wysoka podatno$¢ na pelzanie. Zgodnie
z rezultatami badan [18] napr¢zenia w pretach CFRP,
AFRP i GFRP poddanych dlugotrwalemu obcigze-
niu (wyniki badan ekstrapolowane dla okresu czasu
500 000 h), w chwili zniszczenia stanowity odpo-
wiednio 93, 47 1 23% ich krotkotrwatej wytrzymato-
$ci na rozcigganie [19].

Drewno jest materiatem o ztozonych wiasciwo-
Sciach reologicznych. Istotny w tym zakresie jest
wybor odpowiedniego modelu reologicznego w celu
opisania zachowania si¢ wzmocnionego elementu
w warunkach odksztalcen plastycznych. W pracy [7]
zwrocono szczegdlng uwage na mozliwos$¢ wystepo-
wania lokalnych redystrybucji naprezen w przekroju,
zwlaszcza w miejscach potaczen belek kompozyto-
wych. Istotnym problemem jest tu rowniez relaksacja
naprezen i narastajgce globalnie deformacje. Nalezy
takze zwroci¢ uwage na fakt, iz przy dlugotrwatym
obciazeniu elementdéw zginanych dojdzie do przegru-
powania naprezen pomiedzy uzytymi adherentami.
Nalezy zwréci¢ réwniez uwage na wplyw pelzania
spoiny klejowej na deformacje wzmocnionej belki.
Prezentowane w literaturze funkcje narastania od-
ksztalcenia w czasie (w postaci praw petzania) dla
potaczen klejowych, okreslajace ilosciowo wielkosé
odksztalcenia opierajg si¢ na zatozeniu jednolitego
stanu naprezenia, co w tym przypadku jest niedo-
puszczalnym uproszczeniem [20].

Kolejnym problemem jest czas prowadzenia badan.
Badania belek zbrojonych FRP poddanych dziataniu
obciazenia dhugotrwatego sa czasochtonne. By zba-
da¢ zjawisko petzania nalezy prowadzi¢ je z zachowa-
niem mozliwie stalych warunkéw cieplno-wilgotno-
Sciowych. Tu pojawia si¢ problem, poniewaz trudno
takie warunki uzyska¢ w wymaganym do przeprowa-
dzenia badan okresie czasu. Z badan przeprowadzo-
nych przez Jasienko J. wynika, ze nieznaczny wptyw
wilgotno$ci uwidocznit si¢ w nieregularnosci przyro-
stow ugie¢ [21]. Badajac wzmocnione belki pod ka-
tem obcigzenia dtugotrwatego, nalezatoby prowadzic¢
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badania jednoczesnie dla réznego schematu zbrojenia
czy tez zastosowania réznych materialow FRP. Jest
to trudne do zrealizowania, a wykonujac badanie jed-
no po drugim dla ré6znych metod wzmacniania i przy
uzyciu réznych mat czy taSm FRP, uzyskane wyniki
moge by¢ nieporownywalne ze wzgledu na réznice w
warunkach cieplnych i wilgotno$ciowych.

3. Wnioski

Wzmocnienie konstrukcji drewnianych za pomoca
materiatbw FRP jest niewatpliwie skutecznym sposo-
bem poprawienia wytrzymatosci i sztywnosci, a takze
zmniejszeniem reologicznych przyrostow ugie¢. Nie
negujac mozliwosci technicznych kompozytow do
wzmocnienia konstrukeji budowlanych, nalezy skupi¢
si¢ na badaniach uwzgledniajacych specyfike wspot-
pracy drewna z kompozytem, szczegdlnie przy obcia-
zeniach dlugotrwatych, a takze zmiennych warunkach
wilgotnosciowych. Analiza podstawowych proceséw
reologicznych jest istotnym punktem pracy nt. wie-
lomaterialowych belek pracujacych pod obcigzeniem
dhlugotrwatym. Uzyskujac pozytywne efekty w warun-
kach laboratoryjnych, nawet przy mozliwie statym za-
chowaniu warunkéw cieplno-wilgotnosciowych, trze-
ba jednak by¢ bardzo wnikliwym podczas praktyczne-
go zastosowania drewna wzmocnionego kompozytami
wloknistymi z uwagi na malo poznane zachowanie
w realnych warunkach eksploatacyjnych.
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THE INFLUENCE OF REGIONALISM
ON THE SHAPING OF SOLID STRUCTURE
OF THE SHRINE OF ST. JOSEPH - THE PATRON
SAINT OF FAMILY IN KIELCE

Abstract

The article has analysed the impact of local features on the shaping of sacral architecture in the landscape of The
Swietokrzyskie Mountains based on the example of The Shrine of St. Joseph the Patron Saint of Family in Kielce. The role
of local landscape on the process of the creation of the form of the building during the difficult historic times has been
elaborated on in the following article. It also brings the target reader closer to the understanding of the influence of then
applied tendencies concerning architectonic design. Combining the existing conditioning aspects remains a challenge for
any architect or designer examining the sacral building with architectural advantages.

Keywords: sacral architecture, landscape, regionalism

1. Introduction

Sacral architecture exemplifies a crucial element
of the landscape. Urban sprawl more and more often
enters areas located outside the city centre, suburbs or
outskirts whose characteristic feature can undeniably
be the assets such as culture and wildlife. Therefore,
it seems important to profoundly analyse how the
specificity of a given location influences the creation

of modern architecture. The Shrine of St. Joseph —
the Worker, the Patron Saint of Family in Kielce,
whose author is Wladyslaw Pienkowski. Also, this is
the biggest sacral building in the town. Kielce, owing
to its diverse pleated terrain, is an appropriate place
to examine the relation between architecture and
landscape is concerned (Fig. 1).

Fig. 1. An outline of a building (author: Pawet Rajca)
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2. Historical outline

The history of Saint Joseph the Worker Parish
began not more than a decade ago since the end of
World War II during such a difficult time for Poland
with the communist ruling system. The construction
the building of the contemporary church started in
1972 after the second Vatican Council [1-3] and was
completed in the liberated Poland just before the end
of XX century [4-7].

3. Postwar tendencies in the design of sacral buildings

Polish post-war sacral architecture can be
systematized due to stylistic convention, special
predispositions, technical — technological solutions,
and the determinants of functionality [8].

The Shrine of St. Joseph — the Patron Saint of Family
one can qualify the modernist building with intensely
marked solid structures containing functions, which
proves the existence of functionalist provenance,
influenced by regionalism and rooted in the tradition
ofthe Post—Council Era[1, 8]. This brings association
with the critical regionalism described by Kenneth
Frampton [9]. Implemented materials and the form
and also other designs by the author provide evidence
for an enormous impact of brutalist architecture.
Considering spatial predispositions the temple
represents homogenous predisposition due to its lack
of additional complemental solid structures and a
plastic configuration with a rotund corpus as it is a
part of a quarter circle [8]. The Shrine can be included
into the group of buildings whose characteristic
feature is a wall-skeletal body with a concrete —
ferroconcrete texture. Taking into consideration
functional determinants, the main functional setting
is symmetrical in accordance with the planning on
the quarter — circle. As far as polygonal orientating is
concerned, the church is central. Considering inward
direction, the building has an intermediate scheme
associated with an open theatre. Taking into account
the organization of the function, the church is among
those built at the time typical of split — level ones [8].

Observing the solid structure of the Shrine one get
an impression that the design has been influenced
by the current of critical regionalism which softened
functionalist features and brutalist elements. Not
only is Brutalism characterized by poured concrete,
unrelieved by exterior decoration, shuttering prints-
elements observed in the church in question. Also the
steps of the stairs are accentuated, passages, etc. The
designer highlight the heavy weight of the masses
having their specific functions. Such characteristics can
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be noticed in the Shrine of St. — the Patron Saint of the
Family. The upper level of the church can be accessed
by an exposed bridge which functions as a shelter over
the entrance to the lower level. The staircase leading
to the upper level has distinctive features due to the
use of another type of material and also by pulling
ahead the corpus. All the functional elements appear in
separate massive shapes. Many churches characterized
by Brutalism possess sculptural elements. The church
in question has a sculpturally ornamented bell tower
as well as the fragments of the walls. The notion of
critical regionalism popularized by Kenneth Frampton
critically remarks the progressive use of the heritage of
modern architecture with the exception of taking into
consideration the context a creative, indirect reference
toit[9]. St. Joseph Richard England Church in Manikita
on Malta can be an example of a building erected in
accordance with the above mentioned tendencies [10].

4. Landscape versus architectonic form

Architecture always develops in the context. The
quality is influenced to a large extent by the kind
of connection [11]. Not only was the Sanctuary in
question being built in a very difficult period in the
history, cultural and scenic context becoming among
newly built residential areas, a new and crucial
element of the town’s landscape.

The temple is situated at the corner of streets (Fig.
2). The Church is surrounded by recreational grounds,
multi-occupied houses made of prefabricated concrete,
housing development from the 50s, undeveloped
grounds and family houses. From the east there is a
parish house with the vicarage. The Temple is situated
on a gentle slope. Apart from the main structure there
is a bell tower and a maintenance building (Fig. 2).

The solid structure has a shape of quarter circle
with a Tower (Fig. 1). There are two main entrances
to the upper part of the Church and the lower part
of the church let alone accessory entrances. One can
enter the upper part of the church from the east over the
bridge situated above the lower entrance to the Church.
Exterior stairs and the traffic route lead to the lower
part. From the side of the south “ray” enclosing the
quarter circle of the Temple, from the solid structure
of the Shrine there are protruding shapes intended for
the chapels and confessionals. From the side of the
east ray cutting the quarter circle there is a prism with
accessory utilities. The solid structures “stuck” are
connected with the other quarter circle with a bypass
of the altar (fig. 3). There are adjoined arched elements
to drain water resembling abutments (Fig. 1, Fig. 4).
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Fig. 2. Development Plan of the location in relation to the close proximity, devised based on:

www.geoportal.gov.pl, my own photographs, an on-site visit (author: Pawel Rajca)

The solid structure of The Church is not the reflection
of the forms of the architecture of the region although
their development was inspired by the landscape. The
roof rises at the angle similar to that of the hills but
the tower on the roof resembles seen from afar top
towers on top of some prominence. The shape of the
Shrine watched on the satellite photograph exhibits
similarity to a footprint of a shell on the rock, which,
in turn, relates to rich geological past of the region.
Draped fagade can be associated with so frequently
observed in Kielecczyzna gorges. The shapes of the
dividing lines on stained glass bring to one’s mind
branches with visible rays of sun among them. An
important characteristic of developing local roads
is its fluency and the adjustment to terrain slopes.
The arches of traffic routes leading to the lower and

upper parts of the Church were delineated responding
to any changes of levels as well as winding local
roads. Such shaping of the arcade surrounding the
solid structure with delicacy brings associations with
an organic design and its rotund shapes round the
accessory building as a river rounds an island.

Not all the shapes have regional connotations. The
tradition of assuring the faithful a clear picture of the
church is rooted all around the world. Due to the necessity
to lower the height of the tower during the project process,
what was not the intention of the architect, the church is
not as clearly seen as Wladyslaw Pienkowski wanted.

A tapering bell tower located on the projection of
a hexagon with marked vertical directions and rich
sculpturing to the end in relation to the remaining
parts of the church indicates its location regardless
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Fig. 3. The projection of the ground floor (source: archives of test. Joseph the Worker Parish In Kielce)

of regional architecture in its form (Fig. 4). It cuts
itself on the background of the mountains. One needs
to add that international currents influenced its form.
Watched from a close distance, because of the use of
brick it relates to regional architecture.

The tower surmounting the solid structure of the
church is second after the bell tower visible from
afar element. Its solid structure is surmounted with a
spire with a cross of an ajour-transparent roller with
four converging planes. It is optically heavier from
the bell tower. It is not as dynamic, light and tapering
which indicates the influence of Brutalism. The forms
are finely sketched and massive. Together with the
growth of the designer’s perspective, the planes form
a tower and arranged radially overlapping they add
lightness to this massive building which makes it a
beneficial part of the landscape.

Functional elements of the Shrine constitute a
monolithic shapes which accentuates their solid structure.
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This characteristic in this specific case is connected
more with international and urban architecture directly
surrounding the church than with the tradition.

5. Regional materials and the shaping of architectural form

Kenneth Frampton, describing the issue of
the coexistence of architecture and nature, was
emphasized their massive significance. Equally
important is equally the colour, texture, smell
and cross-matching and the relationship with the
environment. Significant, according to him, is the
dialogue of the material with the environment using
the listed measures. It does not have to be based
on exclusive transition of the materials from the
environment, but more on the creative interpretation
and its features in relation to the building [9].

The largest part of the Church is finished with natural
materials. The main section has been covered with
coarse, rectangular blocks of Pinczow limestone with its
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Fig. 4. Conceptual drawing of the elevation of the Shrine (source: archives of St. Joseph the Worker Parish in Kielce)

suitable rough texture and dark grey yellow colour. The
thick wall took a different form than the typical walls
and modern expression owing to its contemporary form.
This, in turn, facilitated by the material was related to the
tradition of the region. The foundations were finished
with grey pebbles. Similarly, limestone, facilitated the
linkage of the structure with regional traditions.
Concrete is the material of anthropogenic origin
and used in the area. One can see different ways of
finishing the surface. In some parts it is smooth, and
in others it has impressed formworks. It refers both
to Brutalism and wooden regional architecture in
accordance with Kenneth Frampton’s opinion, the
dialogue of modernity with tradition. In the elevation
of the bell tower there are visible tectonic, reinforced
concrete slabs- elements characteristic of Brutalism.
Red brick whose colour makes its reception warming,
is the applied material. Selected functionalist elements
such as the entrance with its staircase from the side of
the Toporowski street. The glass used in stained glass
generates interesting effects after dark when inside a
mass is being celebrated making the impression of

“incandescence”. Greenery, which is an important
element in the landscape, can be considered “specific”
material. Vegetation accounts for about 30% of the
surface area of the plots occupied by the temple.
Lawns as well as regularly arranged coniferous and
deciduous trees and shrubs line the passage.

An important feature of the majority of the materials
used is their grayish tint, the dullness and often surface
roughness, which enhances the impression of weight.
This may have been an intentional objective of the
author, due to the patron of the parish — St. Joseph the
Worker, and the desire to reflect the value of the work-
particularly considering the total construction time. The
second common feature in the use of all the presented
materials is the lack of imitation of folk traditions in their
application, but creative adaptation to modern forms, at
the same time respecting the identity of the place.

6. Recapitulation

Regionalism, including both the history and
the traditions of space and landscape, has had a
significant influence on developing the sanctuary. The
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solid structure, however formed in a difficult period
of history proves the authors sensitivity toward the
context. Regional values affected both the form and
the selection of materials without destroying the
modern expression of architecture.

The impact of regionalism testifies the application
of synthesized, creatively interpreted forms, referring
to the region of shapes, such as: the angles of the
roofs inspired by the gradient of the prominence, the
tower situated on the top of the roof with its location
refers to period church towers situated on tops of the
mountains in the region, the section of the roofs refers
with its form to the shape of a shell impressed in the
local rock, pleated fagade referring to the local gorges,
divisions in the stained glass corresponding with the
composition of tree branches, smoothly conducted
areaway bringing associations with a river avoiding
obstacles, the application of available in the region
materials, such as: Pinczow limestone or red brick, a
large green area.

The Shrine preserved some of its functionalists
features with big influences of Brutalism,
characteristic of the period of'its development namely:
a distinctly isolated monolithic solid structure with its
conceptualized features and highlighting of concrete
and reinforced concrete tectonic elements.

The Shrine of St. Joseph — the Patron Saint of Family
provides a record of the thoughts serving the creation of
timeless forms of linking the value of late modernism
and regionalism. As such, it should be covered with
grand protection against any irresponsible change in
the future, which affects many churches today.

Pawet Rajca
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Wptyw regionalizmu na ksztattowanie bryly obiektow
sakralnych na przyktadzie Sanktuarium sw. Jozefa
Opiekuna Rodziny w Kielcach

1. Wstep

Zabudowa miejska coraz czgsciej wkracza na obszary
pozamigjskie o duzych walorach kulturowo-przyrodni-
czych, istotne jest wigc przeanalizowanie, jak specyfika
miejsca wpltywa na kreacje wspotczesnej architektury.
Sanktuarium pod wezwaniem swigtego Jozefa Opieku-
na Rodziny w Kielcach jest najwigkszym budynkiem
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sakralnym w miescie, ktore ze wzgledu na lokalizacje
zostato wytypowane jako odpowiednie miejsce do bada-
nia relacji architektura — krajobraz (rys. 1).

2. Rys historyczny

Historia parafii $wigtego Jozefa Robotnika rozpocze-
fa si¢ niewiele ponad dekade¢ od zakonczenia II wojny
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Swiatowej, w trudnym dla Polski okresie rzadow ko-
munistycznych [4-7]. Budowe rozpoczeto w 1972 r.,
aukonczono juz w wolnej Polsce tuz przed koncem XX
w. Obiekt powstat po Soborze Watykanskim II [1-3].

3. Powojenne tendencje w projektowaniu obiektow
sakralnych

Polska powojenng architekture sakralng mozna usys-
tematyzowac ze wzgledu na: konwencje¢ stylistyczna,
dyspozycje przestrzenne, rozwigzania techniczno-
-technologiczne, wyznaczniki funkcjonalne [8].

Stylistyke Sanktuarium $w. Jozefa Opiekuna Ro-
dziny mozna zakwalifikowa¢ jako modernistyczng
z silnie zaakcentowanymi brytami zawierajacymi
funkcje, co wskazuje na proweniencj¢ funkcjonali-
styczng o tradycji posoborowej [8], na ktoérg wplyw
mialy réwniez czynniki regionalne. Nasuwa to skoja-
rzenie z regionalizmem krytycznym opisanym przez
Kennetha Framptona [9]. Stosowane w kosciele mate-
riaty oraz forma, a takze inne projekty autora, Swiad-
czg o sporym wptywie brutalizmu. Omawiana §wia-
tynia posiada dyspozycje¢ przestrzenng jednorodng ze
wzgledu na brak dodatkowych bryt uzupetniajacych.
Swigtynia ma konfiguracje plastyczng o korpusie ob-
tym. Sanktuarium zalicza si¢ do obiektow o ustroju
$cianowo szkieletowym posiadajacym strukture mu-
rowano-zelbetowa. Biorac pod uwage wyznaczniki
funkcjonalne omawiany kosciét ma symetryczny
uktad funkcjonalny o centralnym zorientowaniu po-
ligonalnym z ukierunkowaniem do$rodkowym [8].
Rozpatrujac ukierunkowanie wewnetrzne, budynek
posiada uktad posredni. Uwzgledniajac organizacje
funkcji, kosciot zalicza si¢ do budowanych w tym
czasie obiektow dwupoziomowych.

Przygladajac si¢ bryle Sanktuarium, mozna odnie$¢
wrazenie, ze na projekt duzy wptyw miat nurt regiona-
lizmu krytycznego tagodzacy cechy funkcjonalistyczne
i brutalistyczne. Brutalizm charakteryzuje si¢ nie tylko
pozostawianiem surowego betonu i odciskami sza-
lunku, co jest widoczne, ale rowniez akcentowaniem
schodow, przejs¢ itp. oraz podkreslaniem ci¢zaru bryt
zawierajacych poszczegolne funkcje. Cechy te takze
wida¢ w Sanktuarium. Do gérnego poziomu kosciota
wchodzi si¢ po wyeksponowanym ,,moscie” stanowig-
cym zadaszenie nad wejsciem do dolnego poziomu.
Klatka schodowa jest wyrézniona innym materiatem
oraz wysuni¢ciem poza korpus. Poszczegolne elemen-
ty funkcjonalne wystepuja w osobnych formach. Wiele
kosciolow brutalistycznych charakteryzuje si¢ elemen-
tami rzezbiarskimi. Omawiany kosciol posiada rzez-
biarsko zakonczong dzwonnice oraz fragmenty $cian.

Pojecie regionalizmu krytycznego spopularyzowane
przez Kennetha Framptona w publikacji ,,W kierunku
krytycznego regionalizmu: Sze$¢ punktow architektury
oporu” [9] oznacza krytyczne, cho¢ postepowe korzy-
stanie z dorobku wspoélczesnej architektury z wyjatko-
wym braniem pod uwage kontekstu oraz tworczym,
nie bezposrednim, nawigzaniem do niego. Obiektem
powstalym w tym nurcie jest np. kosciot sw. Jozefa Ri-
charda Englanda w Manikicie na Malcie.

4. Krajobraz a forma architektoniczna

Krajobraz jest niezwykle istotnym sktadnikiem kon-
tekstu [11]. Potozenie kosciota zostato przedstawione na
rysunku 2, rzut na rysunku 3, a elewacja na rysunku 4.

Bryly kosciola nie tworza formy zaczerpnigtej
wprost z architektury regionu, ale ich uzycie zainspiro-
wane zostato krajobrazem. Dach wznosi si¢ pod katem
podobnym jak wzgodrza, a wieza na nim przypomina
widziane z dala wieze na szczytach wzniesien. Forma
Sanktuarium ogladana na zdjeciu satelitarnym przy-
pomina muszle, co nawigzuje do bogatej geologicz-
nej przesztosci regionu. Pofaldowania elewacji moga
kojarzy¢ si¢ ze spotykanymi na kielecczyznie wawo-
zami. Ksztatty podzialow w witrazach przypominaja
galtezie, migdzy ktorymi przebijajg promienie. Istotng
cechg prowadzenia lokalnych drog jest ptynnos¢ i do-
pasowanie do spadkow terenu. Luki ciggow komuni-
kacyjnych prowadzacych do ,,dolnego” i ,,gérnego”
kosciota wytyczone zostaly rownie wrazliwie na zmia-
ny poziomow, jak lokalne drogi. Takie ksztattowanie
pasazu okrazajacego w delikatny sposob bryle nasuwa
skojarzenia z organika, a jego oble ksztalty okrazaja
budynek pomocniczy, podobnie jak rzeka wyspe.

Nie wszystkie formy posiadaja konotacje regio-
nalne. Nad bryta kos$ciola dominujg dwie wieze.
Tradycja zapewnienia widocznos$ci kosciota przede
wszystkim parafianom jest zakorzeniona na calym
swiecie. Ze wzgledu na koniecznos$¢ obnizenia wyso-
kos$ci dzwonnicy w fazie projektowej, kosciol nie jest
tak widoczny, jak mogtby by¢ w zamierzeniach pro-
jektanta, cho¢ przeswity migdzy budynkami otwie-
rajag perspektywe. Smukta dzwonnica ulokowana na
planie szesciokata z zaznaczonymi kierunkami wer-
tykalnymi i silnym rozrzezbieniem przy zakonczeniu
wzgledem reszty ko$ciola wskazuje potozenie, nie
nawiazujac do architektury regionalnej. Odcina si¢
na tle gor, a na jej forme miaty wyrazny wplyw nurty
miedzynarodowe. Ogladana z bliska, dzigki uzyciu
cegly, nawigzuje do architektury regionalne;.

Wieza wienczaca bryle tworzy zakonczony szpicem
z krzyzem azurowy walec otoczony czterema zbiega-
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jacymi si¢ ptaszczyznami. Ze wzgledu na mala wyso-
ko$¢ od powierzchni dachu i otoczenie jej ze wszyst-
kich stron przez bryle $wiatyni, jest stabo widoczna
z bliska 1 optycznie ci¢zsza od dzwonnicy. Nie jest tak
dynamiczna i smukta, noszac cechy brutalizmu. Wraz
ze wzrostem dystansu obserwatora widoki ptaszczyzn
tworzacych wieze nakladajg si¢ dodajac lekkosci, co
stanowi czynnik korzystny dla pejzazu.

Elementy funkcjonalne Sanktuarium tworza monoli-
tyczne bryty, co powoduje, ze wyraznie odczuwana jest
masa. Cecha ta wigze si¢ tu bardziej z architektura mig-
dzynarodowa i miejska otaczajaca koscidt niz z tradycja.

5. Materialy regionalne a ksztattowanie

formy architektoniczej

Najwigksza cze$¢ kosciota wykonczona jest ma-
terialami naturalnymi. Gtéwna bryta pokryta zosta-
fa nieociosanymi, prostopadlosciennymi blokami
wapienia. Gruby mur nabral innego od typowych
muroéw, nowoczesnego wyrazu dzigki wspotczesne;j
formie. Ta z kolei przy pomocy materiatu zostata
powigzana z regionalng tradycja. Otoczaki, ktorymi
wykonczono podmurowki, tez utatwiaja powigzanie
budowli z tradycjami regionalnymi.

Materiatem pochodzenia antropogenicznego i sto-
sowanym w okolicy jest beton. Wida¢ rézne sposoby
wykanczania jego powierzchni. Miejscami jest gtad-
ki, a w innych miejscach ma odcisnigte szalunki, co
nawigzuje zarowno do brutalizmu, jak i drewnianej
architektury regionalnej, stanowiac, zgodnie z opi-
nig Kennetha Framptona [9], dialog nowoczesnos$ci
z tradycja. Dzwonnica posiadata widoczne Zelbetowe
plyty, co cechuje brutalizm. Uzytym materiatem jest
tez czerwona cegla, ktora przez barwe dziata ociepla-
jaco na odbior. Podkreslone przy jej pomocy zosta-
ty wybrane elementy funkcjonalne, jak np. wejscie
z klatka schodowa od strony ul. Toporowskiego.
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Szklo stosowane w witrazach generuje cickawe efek-
ty po zmroku, gdy wnetrze Swiatyni jest oswietlone,
sprawiajac wrazenie ,,zarzenia”. Za ,,specyficzny”’ ma-
terial mozna uznac¢ roslinnosé, ktora stanowi ok. 30%
powierzchni dziatek zajmowanych przez swiatynie.
Wazng cechg wiekszosci uzytych materiatow jest
ich szarawe zabarwienie, matowos¢ i czesto chro-
powatos$¢, co poteguje wrazenie ci¢zaru. Stanowic
to mogto celowe zamierzenie autora ze wzgledu na
patrona parafii — $wietego Jozefa Robotnika i ched
ukazania wartosci pracy, szczegdlnie gdy wezmie si¢
pod uwage czas budowy. Druga cecha wspdlng jest
brak nasladownictwa tradycji ludowych w stosowa-
niu materialow, ale tworcza adaptacja do wspotcze-
snych form przy poszanowaniu tozsamosci miejsca.

6. Podsumowanie

Bryla kosciota, mimo ze formowana w trudnym
okresie historycznym, s$wiadczy o bardzo duzej
wrazliwos$ci autora na kontekst. Wartosci regionalne
wplynely zaré6wno na forme, jak i dobor materiatow
nie niszczac wspotczesnego wyrazu architektury.

W formie kosciota w syntetyczny sposob odzwier-
ciedlenie znajdujg charakterystyczne dla regionu
ksztalty, lecz nie wprost, ale po kreatywnej interpre-
tacji. Jest to zgodne nie tylko z duchem wspotczesno-
$ci, ale rowniez preferencjami Soboru Watykanskie-
go II. Uzyte materiaty $wiadczg o tym, ze do tworze-
nia nowoczesnych form doskonale nadaja si¢ lokalne
surowce, co stwierdzit juz K. Frampton.

Sanktuarium Swietego Jozefa Opiekuna Rodziny
stanowi zapis mysli stuzacej utworzeniu ponadczaso-
wej formy laczacej wartosci plynace z p6znego moder-
nizmu, jak i regionalizmu. Jako takie powinno zosta¢
otoczone jak najlepsza ochrona przed ewentualnymi
nieodpowiedzialnymi przeksztatceniami w przyszto-
$ci, co spotyka wiele kosciotlow wspolczesnych.
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REINFORCING OF HISTORICAL CEILING BEAMS
IN THE SHEAR ZONE

Abstract

The article discusses the issues concerning rehabilitation and strengthening of wooden beams in historical naked ceilings
in their support area. The causes and effects of the damage in the wooden beams shear zones have been presented.
Traditional methods of reinforcing beams along with the examples of their application have been shown. Moreover,
modern methods of shear zone rehabilitation as proposed in the literature have been presented. What is more, the article
also discusses the proposals of the research program with regard to technological solutions for reinforcing of historical
ceiling beams in the shear zone, which will be carried out in the laboratories of the Kielce University of Technology.

Keywords: ceiling beam, reconstruction, reinforcing, wood structure, shear zone

1. Introduction

Nowadays, maintaining historical wooden structures
is very important, because these structures have
played a significant role in the historical development
of construction and architecture and today they
constitute Poland’s indisputable cultural heritage.
Wood, by its very nature is subject to destructive
processes faster than other building materials, which
requires taking appropriate actions with regard to
conservatory and repair works [1]. Extending the
durability of wooden structural elements is possible
as a result of appropriately early taken rehabilitation
actions, which restore, where possible, the physical
and mechanical properties of the material and the
structural efficiency of components and systems. As
far as wooden beam ceilings are concerned, one of
the most commonly occurring defects is damage to
beams support zone, most often caused by biological
corrosion, development of which is accompanied by a
lack of adequate protection from excessive moisture.

The Venice Charter for the Conservation and
Restoration of Monuments and Sites, or the Venice
Charter, adopted by The Second International
Congress of Architects and Specialists of Historic
Buildings in 1964 in Venice, constituting a set of rules
with regard to treatment of historic objects allows
such method of reinforcing the wooden elements,
which does not affect the historical design solution,

valuable historic architectural detail and unique
design of significant artistic and aesthetic values [2].
The methods of reinforcing wooden beams with the
use of glued-in metal elements or synthetic tapes made
of glass fibre and carbon fibre can be particularly
useful in case of the necessity to preserve the historic
carved and painting decoration design. In this way, it
is possible to obtain the proper load-bearing capacity
and reduce deflection for the expected utility function
without the use of expensive transfers and restoration
works. More detailed guidelines for the restoration of
historic wooden structures were established in Mexico
in 1999 by the International Wood Committee/
UNESCO. Although, the charter entitled Principles
for the Preservation of Historic Timber Structures
prefers the traditional methods of rehabilitation and
reinforcement of historic wooden structures, it also
allows for using modern materials and technologies,
which had been examined and documented to a
satisfactory extend.

2. Damages to the support zone of historical ceiling
beams

Wood is an organic material, and in contrast to
most construction materials, has a high susceptibility
to the damaging effects of biological corrosion.
The durability of wood, and thus the wooden beam
ceilings varies widely and depends on a number of
factors, both biotic and physical, which include the
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most commonly occurring destructive impact of fungi
and insects — wood pest, as well as changes in the
wood structure due to the natural processes of aging
of the material [3]. In beam ceilings, the support
zone of wooden beams is the place where damage
most often occurs, as these places are exposed to
constant moisture, associated with direct contact with
the support structures of external masonry walls in
the buildings. On the basis of available studies it can
be concluded that the main cause of destruction in
ceiling beams support zones is biological corrosion,
particularly the phenomena causing the complete
decomposition of wood by fungi. Other factors often
constitute the catalysts of the occurring destructive
phenomena and in many cases occur in parallel,
amplifying their effects.

Fig. 1. Damaged ceiling beam end. Wood decomposition
due to fungi

3. Methods of rehabilitation and reinforcement
of the support zone of ceiling heams

The degree of damage and degradation of the wooden
ceiling beams support zones makes it necessary to
undertake reinforcing and reconstruction works,
which will allow to maintain the valuable ceiling
structures and restore their full technical efficiency.
The technological solutions will most often mean
the reconstruction of the ceiling beams fragments in
a way that ensures the structural safety of the entire
wooden element [2]. The adopted design solutions
for reinforcing the support zone of the beams should
not result in the loss of valuable carved designs or
polychrome decoration and at the same time, they
should create the possibility of reconstructing this
design, ensuring obtaining such artistic and aesthetic
effect that will be appropriate from the conservation
point of view. Taking into consideration the scientific
and research works carried out as well as the
construction and conservation projects executed in
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historic buildings, one can make the following, general

classification of applied methods of reinforcement

and rehabilitation of the support zones of historical
wooden ceiling beams:

— Traditional methods of reconstruction of the
support zone of ceiling beams using various
connection systems,

— Reconstruction of the support zone using synthetic
composites,

— Reconstruction of the support zone of ceiling
beams using inserts and glued joints method.

3.1. Traditional methods of reconstruction
of the support zone of ceiling beams using
various connection systems

Traditional methods of rehabilitation of wooden
structures are mainly associated with the replacement
of the entire damaged elements or their fragments on
the basis of their earlier disqualification with regard
to the further static operation and non-fulfillment of
the basic requirements with regard to the structural
and operational safety of the object [4]. Traditional
methods of reinforcement and rehabilitation of
wooden structures include a replacement of the
damaged elements with new ones, made of the same
material, which will be - within the meaning of a
conservatory procedure - a historical reconstruction, or
supplementation of the structural elements.

For greater value of the bending moment, which oc-
curs in case of the section’s distance from the support
bigger than 0.125 1, it is necessary to use a half-lap joint,
transferring the bending moment, thus the application
of woodworking joints. It is preferable to use simple
woodworking joints or sliding ones with wedges ensur-
ing adequate pressure on the elements (Fig. 2).

I

Fig. 2. Replacement of the damaged support fragment
of a beam in the distance bigger than 1/8 1
(al—al) cross-section) using a lap joint with

a wedge (drawing: E. Piotrowicz)
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3.2. Reconstruction of the support zone using
synthetic composites

The replacement of the damaged element of a
wooden beam using the polymer composite inserts is
shown in Figure 3 [5]. The replaced fragment of the
wooden element can be combined with the intact part
of the beam using the inserts made of fiber polymer
composites. Such connections may be additionally
reinforced with tapes made of glass and carbon fibers

[6].

Fig. 3. Reconstruction of the support of the beam:

a — view of the beam in the support location, b — method
of completing using dismountable elements, ¢ — method
of completing using structural roof boards, (based on:
A. Zaboklicki Rehabilitacja i wzmacnianie zabytkowych
konstrukcji drewnianych)

3.3. Reconstruction of the support zone of ceiling
beams using inserts and glued joints method

The replacement of the damaged support element of a
beam using metal elements has been shown in Figure 4.

i
!
P
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Fig. 4. Replacement of the damaged beam fragment using
the inserts made of flat steel plate with a thickness of 1.5
to 3 mm and stud connectors (drawing: E. Piotrowicz)

In the connection’s tension zone, we use inserts
made of flat steel plate with a thickness of 1.5 to 3 m,
inserted in previously made cuts [7]. The inserts may
be fixed through gluing-in and additionally reinforced
by fixing pins with small diameters. In the beam’s
compression zone, stresses are transmitted through
the pressure surfaces. In a similar way, a connection
of the complemented support zones of wooden beams
can be made with the use of glued-in inserts made of
carbon tapes and reinforced with glass fiber.

4. Conclusions

The proposed studies, conducted on the test material,
made of pine wood used in the nineteenth century’s
ceiling structures in the historic buildings allow to
develop the optimal technological solutions for the
reconstruction of the support zones of the wooden
beams. The application of modern glued solutions for
connecting the reconstructed beam ends will provide
for a possibility of aesthetical completion of historical
carved and painted decorations.
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Wzmacnianie zabytkowych belek stropowych
w strefie przypodporowej

1. Wprowadzenie

Utrzymanie zabytkowych drewnianych konstruk-
cji budowlanych ma w dzisiejszych czasach duze
znaczenie. Drewno jednak ulega niszczacym proce-
som szybciej niz inne materialy budowlane, co wy-
maga podejmowania wlasciwych dzialan w zakresie
prac remontowych i konserwatorskich.[1] Dla drew-
nianych belkowych stropéw jednym z czesciej wy-
stepujacych uszkodzen sa zniszczenia podporowe;j
strefy belek spowodowane najczesciej przez korozje
biologiczna.

Miedzynarodowa Karta Konserwacji i Restauracji
Zabytkow 1 Miejsc Zabytkowych tzw. ,,Karta wenec-
ka”, uchwalona przez II Miedzynarodowy Kongres
Architektéw 1 Technikow Zabytkow w 1964 roku
w Wenecji stanowigca zbior zasad w zakresie postepo-
wania z obiektami zabytkowymi dopuszcza taki spo-
sob wzmocnienia drewnianych elementow, ktory nie
narusza historycznego rozwigzania konstrukcyjnego,
cennego detalu architektonicznego oraz zabytkowego
unikatowego wystroju o znaczacych wartosciach ar-
tystycznych i estetycznych [2]. Bardziej szczegotowe
wytyczne postepowania w restauracji zabytkowych
konstrukcji drewnianych ustanowiono w Meksyku
w 1999 roku przez Miedzynarodowy Komitet Drew-
na /International Wood Committee/ UNESCO. Karta
»Zasad ochrony zabytkowych budynkow historycz-
nych” preferuje co prawda tradycyjne metody rehabi-
litacji i wzmacniania zabytkowych elementéw drew-
nianych, ale dopuszcza stosowanie wspotczesnych
materiatow i technologii, ktore zostaty w satysfakcjo-
nujacy sposob przebadane i udokumentowane.

2. Uszkodzenia stref podporowych zabytkowych
belek stropowych

Drewno jest materiatem organicznym i w przeci-
wienstwie do wigkszo$ci materiatéw budowlanych
posiada duza podatno$¢ na niszczace dziatanie ko-
rozji biologicznej. Trwatos¢ drewna, a tym samym
drewnianych stropéw belkowych jest bardzo zréz-
nicowana i zalezy od szeregu czynnikow zaréwno
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biotycznych, jak i fizycznych, do ktérych mozemy
zaliczy¢ najczesciej wystepujace niszczace dziatanie
grzybow i owadoéw technicznych szkodnikow drew-
na oraz zmiany strukturalne w budowie drewna na
skutek naturalnych procesow starzenia materiatu [3].
W stropach belkowych najczesciej powstaja uszko-
dzenia strefy podporowej belek drewnianych, gdyz
miejsca te sg narazone na ciggle zawilgocenia zwia-
zane z bezposrednim kontaktem podporowych kon-
strukcji murowanych $cian zewnetrznych w budyn-
kach. Pozostate czynniki niejednokrotnie stanowia
katalizatory zachodzacych zjawisk destrukcyjnych
i niejednokrotnie wystepuja rownolegle, potegujac
ich skutki.

3. Kierunki rehabilitacji i wzmacniana
stref podporowych belek stropowych

Stopien uszkodzenia i degradacji stref podporo-
wych drewnianych belek stropowych stwarza ko-
nieczno$¢ podejmowania prac wzmacniajacych
i rekonstrukcyjnych, ktére pozwola na zachowanie
cennych konstrukcji stropowych i przywrdcenie im
petnej sprawnos$ci uzytkowej. Przyjete rozwigzania
konstrukcyjnego wzmocnienia strefy podporowej
belek nie powinny rzutowac na utrate cennego wy-
stroju snycerskiego lub polichromii oraz tworzy¢
mozliwos¢ rekonstrukeji tego wystroju, zapewniajac
uzyskanie wlasciwego z punktu widzenia konserwa-
torskiego efektu artystyczno-estetycznego [2]. Biorac
pod uwage prowadzone prace naukowo-badawcze
oraz realizacje prac budowlano-konserwatorskich
w zabytkowych obiektach, mozna dokonac¢ ogolnej
klasyfikacji stosowanych metod wzmacniania i re-
habilitacji stref podporowych zabytkowych drewnia-
nych belek stropowych:

e Tradycyjne metody rekonstrukcji strefy podporo-
wej belek stropowych przy zastosowaniu rézno-
rodnych systemow potaczeniowych [4].

Do tradycyjnych metod wzmacniania i rehabili-
tacji drewnianych konstrukcji zaliczamy wymia-
n¢ uszkodzonych elementow na nowe, wykonane
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z tego samego materialu, co w rozumieniu postg-
powania konserwatorskiego bedzie historyczng
rekonstrukcja, badz uzupetnienia elementow kon-
strukcyjnych.

e Rekonstrukcja strefy podporowej przy zastosowa-
niu kompozytéw syntetycznych [5].
Wymiang fragmentu uszkodzonego elemen-
tu drewnianej belki przy zastosowaniu wkladek
z kompozytow polimerowych. Wymieniany frag-
ment elementu drewnianego mozemy taczy¢
z nieuszkodzong cze$cia belki za pomoca wkladek
z wldknistych kompozytow polimerowych. Po-
faczenia takie mozna dodatkowo zbroi¢ tasmami
z wlokien weglowych i szklanych [6].

e Rekonstrukcja strefy podporowej belek stropo-
wych metoda wktadek i polaczen klejowych.

Wymiang uszkodzonego fragmentu podporowego
belki przy zastosowaniu elementéw metalowych.
W strefie rozciaganej potaczenia stosujemy wktad-
ki z blachy stalowej o grubosci od 1,5 do 3 mm
wprowadzane] w wykonane wczesniej nacigcia
[7]. Wkitadki moge by¢ mocowane przez wkle-
janie oraz dodatkowo positkowane sworzniami
scalajacymi o niewielkich $rednicach. W strefie
sciskanej belki naprezenia sa przenoszone poprzez
powierzchnie docisku. W podobny sposob moz-
na wykona¢ polaczenie uzupetnianych stref pod-
porowych drewnianych belek przy zastosowaniu
wklejanych wktadek z tasm weglowych oraz zbro-
jonych wtoknami szklanymi.

4. Wnioski

Proponowane metody wzmacniania strefy podpo-
rowej belek drewnianych przeprowadzone bgda na
materiale probnym wykonanym z drewna sosnowe-
go stosowanego w XIX-wiecznych konstrukcjach
stropowych zabytkowych obiektow. Pozwoli to na
opracowanie optymalnych rozwigzan technologicz-
nych rekonstrukeji stref podporowych drewnianych
belek stropowych. Zastosowanie wspotczesnych
rozwigzan klejowych do potaczenia odtwarzanych
koncowek belek zapewni mozliwos$¢ estetyczne-
go uzupeltnienia historycznej dekoracji snycerskiej
i malarskie;j.
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THE COMPARATIVE ANALYSIS OF COMPUTATIONAL
METHODS FE AND FD ON THE EXAMPLE OF THE
MEMBRANE SURFACE STRUCTURE

Abstract

The paper contains comparison of FEM and FDM applied in membranes. Innovative element of this calculation method
includes replacing a membrane with a framed structure [1]. Sample membranes were tested by two methods, afterwards
both results were compared in the state of stress and displacement, which allowed to draw the following conclusions
regarding the usage of both methods.

Keywords: superficial structures, FEM, FDM, membrane, computational methods

1. Introduction b) S00kN/m
Membrane structures are widely used in 'EEEEEEEREREE

construction industry: transport infrastructure, urban, E= 30000 MPa

industrial, hydro-engineering and housing [2], thus t= 0.4m

proper modeling, analysis and design are vital. o= E} 2 2
Membrane structures can be tested in many ways. They

can be analysed in terms of statics, stability and dynamics

in linear and nonlinear analysis [3]. Proper calculation M K
method is vital. The comparative analysis of FEM and

FDM methods include both theoretical differences 20
between the methods as well as practical tests checking 500kN/m
tension in typical prefabricated membranes used in c)
construction industry. Membranes of various support EEEERERERRERY'
systems were presented in Figure 1. Calculations were E= 30000 MPa
carried out with the use of computer and standard t=04m
calculation methods. v= 02 =
a) _ _
E= 20000 kG/mm? 58,84kN o g '
t=0,01m N £ o o
v=10,3 o) |
o Fig. 1. Sample calculations diagram: a) bracket example,
b) supported membrane statically defined, c¢) supported

19 membrane statically undefined
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2. A few words about MRS and MES

In mechanics description of analysed phenomenon is
presented through equations. Most commonly these are
differential equations in boundary conditions. When precise
calculation methods are not applicable approximation
methods are used, especially FEM and FDM [4].

FDM - a method implemented in static panels
calculations, introduced by H. Marcus is based on
regular geometry, which may limit application in more
complex elements [5]. The idea of FDM is changing
differential operators with corresponding difference
operatorplacedonadiscreet grid. Membrane calculation
procedure is the same as in panels as identical equations
are used, however including boundary conditions
desirable results are obtained. Prof. Rakowski [1]
presented interesting FDM application in membranes,
replacing surface element with bar frame representing
membrane outline. Inclusion of membrane’s width
is of vital importance presenting external forces as
force-width quotient. Despite educational purposes
and easy grid generating is difficult in automation and
problematic in nonlinear boundary. Lack of local grid
compaction is another drawback of this method [6].

FDA is a typical computing method based on
construction discretization into finite number of simple
geometry elements. Finite elements are characterized
by simple geometry and precisely defined degree of
freedom. Computing is carried out for selected nodes in
those elements. It should be checked if the construction
bears bend-displacement, stress-bend relation [7].
FEM is widely used and forms basis of many computer
programs. Another advantage is wide set of finite
elements and precise results. However, nonlinear and
complex geometry elements are problematic [6].

3. FEM and FDM comparison

To compare both methods brief setting up in terms
of a problem, solution and results is presented below
(Table 1) [6].

Table 1. Differences between FEM and FDM setting up

FEM FDM

The formulation of the

problem boundary Global Local

Differential patterns

Approximation Shape functions

for derivatives
" Modification Additional designs
Boundary conditions of the system ) .
) differential
of equations
The matrix of the system of Symmetric band This is usuaI.Iy
equations not symmetrical

4. Computational analysis of membrane structures
by MES and MRS

Surface structures presented below were tested
by the comparative analysis (Fig.1). As for bracket
membrane (Fig. 1a) comparative FEM analysis was
carried out by counting and in ROBOT system for
8 8FE as well as calculated for 3.0 x 3.0 m grid. Results
in terms of bracket displacement and membrane stress
are presented in Fig. 2 and Fig. 3.

1,40

120 — IJ’),__!_-—F O—
1,00
0,80 /

/ ——ROBOT
—l—Timoshenko

0,60 /
0,40 MES

0,20

0,00

2E5 BES 32E5 72ES 2BBES 1152ES

Timosh. |MES ROBOT

[mm] [mm] [mm]
2E5 1,19 0,430
8ES 1,19 0,995 0,995
32ES 1,19 1,106
72ES 1,19 1,136
288ES 1,19 1,164
1152E5 1,19 1,181

Fig. 2. Analysis of displacement of membrane bracket-results

4 3 +19,613  +16,22
@
o
5
@
o
1 2 19613 -16.22
1.2 MRS ROBOT

3,0x3,0m 8ES

Fig. 3. Results of tension analysis ¢_in membrane bracket

Similar analysis was carried out for statically
defined cantilever beam (Fig. 1b) Comparative FEM
analysis was conducted by counting and in ROBOT
system for 2FE, 8FE, 32FE as well as calculated for
3.0 x 3.0 m grid. A bend in point 5 was searched for
as well as stress placement c_in a-a section. Results
are shown in fig. 4 and Fig. 5.
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2,000
1,800 &
1,600 /

1,400
1,200
1,000
0,800
0,600 [ o
0,400
0,200
0,000

—4#—ROBOT

——MES

2ES BES 32ES 128BES 512E5 204BES

ROBOT MES

[mm] [mm]
2ES 0,543 0,543
8ES 0,800 0,800
32E5 1,035
128E5 1,359
512ES 1,611
2043E5 1,860

Fig. 4. Center displacement of SSN = 0 cantilever beam
— analysis results

a) |a
2 3 31 2 49
9
7 o +0,6 -0,45
5
1 4
|a +1.9 +3,34
6o MRS ROBOT
: 2,0x2,0m 8ES
b) |a
2 9 3
s
7 =
8
| 5
4 +2.68 43,95
a |
. MRS ROBOT
’ 1,0x1,0m 32ES

Fig. 5. Results of stress analysis in SSN = 0 cantilever
beam: a) FEM-8FE, FDM 2.0 x 2.0 m grid, b) FEM-
32FE, FDM 1.0 x 1.0 m grid

For statically defined cantilever beam (Fig 1c) only
stress analysis was carried out due to similar geometry
to the previous example and the same material data.
Stress placement in a-o section was obtained through
FEM computing in ROBOT system for 8FE as well as
FDM calculations for 2.0 x 2.0 m grid. The following
results were generated Figure 6.
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7 - +1,05

0,57

4,

MRS ROBOT
2,0¢2,0m 8ES

5
/N 4 23 0,55
| a

80

Fig. 6. Cantilever beam stress analysis results

5. Conclusion

As a result of carried out analysis conducted by
FEM and FDM methods the following differences
were noticed. Differences in values are caused by
approximations resulting from replacing a membrane
with a framed structure in FDM. Surface structures
are replaced by bar structure, that is by a structure
of different number and different degree of freedom,
which undoubtedly affected the results. Stress
diagram, despite differences in values and even in
signs, indicate similar character and progress.

It can be stated that FDM is useful in simple
geometry elements calculations and is characterized
by stable solution. Whereas FEM can be applicable
in complex geometry problems of infinite degree of
freedom [6, 7]. It should be noted that both methods
are approximated and not error-free.
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Analiza porownawcza metod obliczeniowych ES i RS
w zastosowaniu do konstrukcji powierzchniowej
typu tarcza

1. Wstep

Konstrukcje tarczowe majg szerokie zastosowanie
w budownictwie: komunikacyjnym, przemystowym,
komunalnym, hydrotechnicznym, mieszkalnym [2],
w zwigzku z tym wazne jest ich prawidlowe zamo-
delowanie, analizowanie, a w efekcie koncowym
projektowanie.

Konstrukcje tarczowe mozna podda¢ wielu typom
analizy. Mozna badac¢: statyke, stateczno$¢, dynami-
ke w zakresie analizy liniowej i nieliniowej. Potrzeb-
ny jest jednak odpowiedni aparat obliczeniowy [3].
Analiza poréwnawcza metod ES i RS dotyczy za-
réwno teoretycznych réznic pomiedzy tymi metoda-
mi, jak i praktycznego sprawdzenia stanu napr¢zenia
iprzemieszczeniaw typowychtarczach prefabrykowa-
nych stosowanych w budownictwie. Badaniom zosta-
ly poddane tarcze o r6znym sposobie podparcia jak i o
réznym stopniu statycznej niewyznaczalnosci, przed-
stawione na rysunek 1. Obliczenia poprowadzono
W sposob reczny oraz komputerowo.

2. Stow kilka o MRS i MES

W mechanice opis analizowanego zjawiska zapi-
sujemy za pomocg réwnan matematycznych. Naj-
czesciej sa to rownania rozniczkowe zwigzane z wa-
runkami brzegowymi. Gdy niemozliwe sg obliczenia
w sposob Scisty, korzystamy z metod przyblizonych
—najczescie] MES lub MRS [4].

MRS — metoda wprowadzona do obliczen statycz-
nych ptyt przez H. Marcusa opiera si¢ na regularnej
siatce wezlow, czyli o prostej geometrii, co moze sta-
nowi¢ ograniczenie w zastosowaniu do elementow
bardziej ztozonych [5]. Idea MRS jest zamiana ope-
ratorOw rozniczkowych na odpowiadajace im ope-
ratory réznicowe okreslone na dyskretnym zbiorze
punktow zwanym siatka dyskretyzacyjna.

Tok postgpowania w obliczeniu tarcz okazuje si¢
taki sam, jak w obliczeniach plyt, gdyz korzystamy

z tych samych réwnan roznicowych, lecz poprzez
odpowiednie uwzglednienie warunkéw brzegowych,
otrzymujemy pozadane wyniki. Ciekawe rozwiaza-
nie zastosowania MRS w tarczy zaproponowat prof.
Rakowski [1], zastgpujac element powierzchniowy
elementem pretowym — rama odpowiadajaca obryso-
wi tarczy. Niezwykle wazne w tym sposobie oblicza-
nia tarczy jest uwzglednienie jej grubosci, wyrazajac
warto$ci sit zewnetrznych jako iloraz sity do grubo-
$ci. MRS, mimo dydaktycznego charakteru i tatwej
generacji siatki, jest trudna do automatyzacji, poja-
wiaja sie trudnosci w przypadku krzywoliniowego
brzegu. Wadg tej metody jest takze brak mozliwosci
lokalnego zageszczania siatki [6].

MES jest za to typowa metoda komputerowa, po-
legajaca na dyskretyzacji konstrukcji na skonczona
liczbe obszarow — elementow o prostej geometrii.
Elementy skonczone charakteryzuje prostota ksztal-
tu oraz okreslona $cisle liczba stopni swobody. Ob-
liczenia metodg MES dokonujemy dla wybranych
szczegb6lnych weztow w tych elementach, dla ktorych
znajdziemy warunki réwnowagi i zgodnosci. Nalezy
zwroci¢ uwage, czy konstrukcja spetia zalezno$ci od-
ksztatcenie-przemieszczenie i naprezenie-odksztatce-
nie dla elementow [7]. MES ma bardzo szerokie pole
zastosowan i jest podstawg wielu programow kompu-
terowych. Kolejng zaletg jest duzy zbior elementow
skonczonych i dos¢ doktadne wyniki. Problem po-
wstaje przy uwzglednianiu nieliniowo$ci geometrycz-
nych i w przypadku generacji siatki dla obszaréw
o skomplikowanej geometrii [6].

3. Porownanie MES i MRS

Zestawiajac MES i MRS sporzadzono krotkie po-
réwnanie tych metod pod kilkoma wzgledami, zwia-
zanymi zarOwno z samym zapisem problemu, jak
1 sposobem jego rozwigzania oraz przedstawianiem
wynikow (tab. 1) [6].
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4. Analizy obliczeniowe konstrukcji tarczowych
za pomoca MES i MRS

Analizie porownawczej poddano konstrukcje po-
wierzchniowe przedstawione na rysunku 1. W przy-
padku wspornika tarczowego (rys. la) przeprowa-
dzono analize porownawcza MES recznie i w syste-
mie ROBOT dla 8ES oraz obliczenia reczne MRS dla
siatki 3,0 x 3,0 m. Wyniki odnos$nie stanu przemiesz-
czenia konca wspornika i naprezenia w tarczy poka-
zano na rysunkach 2 i 3.

Podobna analize wykonano dla belko- $ciany sta-
tycznie wyznaczalnej (rys. 1b). Analiza poréwnawcza
objeta obliczenia MES recznie i w systemie ROBOT
dla 2ES, 8ES, 32ES oraz recznie MRS w przypadku
siatki 1,0 x 1,0 m i 2,0 x 2,0 m. Poszukiwano ugiecia
w punkcie 5 oraz rozkladu napr¢zeh o w przekroju
a-o. Wyniki pokazano na rysunkach 4 i 5.

Dla belko-$ciany statycznie niewyznaczalnej (rys. 1c)
przeprowadzono jedynie analizg¢ stanu naprgzenia
z uwagi na zblizong geometri¢ z poprzedniego przy-
ktadu oraz te same dane materialowe. Rozktad na-
prezen w przekroju o-o uzyskano z obliczen MES
w systemie ROBOT dla 8ES oraz MRS recznie dla
siatki podzialu 2,0 x 2,0 m. Otrzymano nastgpujace
wyniki analizy zostaly przedstawione na rysunku 6.

182

5. Wnioski

W wyniku przeprowadzonych analiz badanych
konstrukcji metodami ES i RS zauwazono réznice.
Ocenia sig, iz rozbieznosci w wartosciach spowodo-
wane s3 uproszczeniami zwigzanymi z zastapieniem
tarczy ramg w MRS. Ustroje powierzchniowe zaste-
pujemy tu ustrojami pretowymi, a wiec konstrukcja-
mi o r6znej liczbie i réznym rodzaju stopni swobody
w wezle, co niewatpliwie ma wptyw na wyniki. Wy-
kresy naprezen mimo roéznic w wartosciach, a nawet
miejscami w znakach, wykazuja podobny przebieg
i ten sam charakter.

Mozna stwierdzi¢, iz MRS jest przydatna do obli-
czen elementow o prostej geometrii, charakteryzuje
si¢ prostym rachunkiem. MES natomiast moze by¢
stosowana do problemow o ztozonej geometrii i nie-
skonczonej liczbie stopni swobody [6, 7]. Nalezy jed-
nak pamietac, ze obie metody opisuja zachowanie si¢
uktadu w sposob przyblizony i sa obarczone pewnym
btedem.
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THE TEMPERATURE DISTRIBUTION OF
THE MATERIALS IN THE CONVECTIVE HEAT TRANSFER

Abstract

A new method for solving the equations of thermal conductivity materials with specific properties. This method is useful
for an approximate estimate of the temperature field of materials.

Keywords: heat equation, method for solving

1. Introduction

With the intensification of heat transfer processes,
a significant increase in operating temperatures and
increased requirements for precision thermotechnical
calculations gradually and increasingly become ap-
parent shortcomings well-developed theory based on
linear boundary value problems of heat conduction
(BPHC). Therefore, in the last few decades, increased
attention is paid to the non-linear mathematical mo-
deling (MM) thermal processes.

Due to the mathematical difficulties exact solutions
of nonlinear BPHC obtained only for some special ca-
ses. Generally, for this purpose, various approximate
methods, which can be divided into two fundamentally
different groups. The first section includes well known
(eg [1-3]) exact methods for solving linear BPHC. But
the use of these methods must be preceded by the cor-
responding output linearization of nonlinear problems.
The second group includes those approximation me-
thods that allow directly solve nonlinear BPHC without
prior linearization. This is primarily numerical and ana-
logue methods and approximate analytical, integrated,
variation, disturbance (small parameter) and others.
(See., Eg, [4]). These include the method of equivalent
sources (MES) [3, 4].

As for the research of thermal processes in the bo-
dies of functionally dependent TFH (non-linearity of
the first kind), they are related to the difficulties cau-
sed by not only non-linear equation, but the fact that
laws change TFH not reliably identified. Of course
dependence of the thermal conductivity A(T) and vo-

lumetric specific heats C(T) approximated (See., Eg,
[4,]) by polynomials

A(T)=4 +Z:5MTi - C(T)=¢, +Z5CiTi (1)
o1 -1
For many materials coefficients T ' are so small that
i > 2 members of can be negligible that to some extent
consistent with modern concepts of the mechanism
of thermal conductivity as a superposition of streams
of photons and electrons, where the fate of metals in
the past for a specific temperature range is dominant.
So the future will consider nonlinear (quasi-linear)
differential equations containing linearly dependent
on temperature TFH that after going to the relevant
dimensionless quantities take the form of:

A(0)=2,-2(0);
/T(H) =1+¢,0;
£,=6,(Tc=Ty)/ Ao;
C(0)=C,-C(0);
C(0)=1+¢.6;
£ =0c (T =T,)/C,

2)

Introduced here coefficients ¢, , €. will henceforth
be called nonlinearity parameters of the Ist kind.
2. Statement of the problem

If we restrict ourselves to the linear case TFH (2),
the temperature state (TS) unlimited plate in convec-
tive heat transfer solutions of the BPHC determined:

185



environment

Anatoliy Pavlenko

0
0

00

{(+ e)gg (1+2.0) 5 5
0(£,0)=0

06
(1 + 81017 )%

=Bi[ 6. -0, (7)]:

&=l

(4)

where

x
H 5)

T(E,7) — the body temperature, K; T, — its initial val-
ue, K; TC — temperature of the heating medium, K;
x — coordinate (starting from the center section), m;
2H — plate thickness, m; # — time, hour; a, = A /C, -
thermal diffusivity coefficient in T = TO, m?*hour; O
— convective heat transfer coefficient, W/(m?K).

To solve this BPHC (3), (3) apply the method of
equivalent sources (MES) in the well-known theory
of heat near-boundary layer (engineering model of
thermal conductivity), which examines the process of
conductive heat transfer in two stages: initial heating
(inertial phase 0 < 1 < 1) and heating for the whole
volume (ordered phase t > 1,).

3. Solution of the problem
The first (inertial) stage (0 <t <1; B(r) <E<1)
solving equations MES take the form:

0 006,
%{(neﬁ)a—;}ﬁ(r) ©

where “source equivalent” f,(t) is defined by the integral

1—;(1)[;(},){(”86) }df (7)

Instead symmetry condition (4), introduces cou-
pling conditions of temperature fields is not warmed
(0 <& <B(r)) 6, = 0) and warmed (B(r) <& < 1)
0,(&,7)) zones on the border £ = B(t) of their distri-
bution

fi(7)=

186

06,108, ., =0; =0 ®

% (é:’T)L:ﬁ(f)

Integrating solving equations (6) and twice by &
using the condition (8), we obtain

Ql(f,r)zé{\/lwheﬂ FOZ-BET _1} ©)

After substitution function (9) in the boundary con-
dition (BC) (5), we obtain

_ Bi[2(l+¢,)+Bil(r) ]

Aie)= 26,1(7) g
Ji 4e,(2+¢,) (1o

[2(1+¢,)+Bil(r)]

Expanding radical (10) in power series and reta-
ining the first two of its members have

N (2+¢,)Bi
h(z) [2(Hgl)+Bil(T

iey Y

Thus the inertial phase approximate solution of pro-
blem (3), (4) takes the form

RS \/1+
€,

Position Front warming /(t) = 1 — B(t) in princi-
ple determined integral condition (7). However, this
procedure results in inappropriate complex calcula-
tions. Due to the rapidity inertial stage we assume
TFH change during this period was insignificant and
determined /() by the solution of the linear problem

8 .
P+ - g in(1+Bilj2) =127

l:1+/BI i2 n(1+ Bl/z)}/lz (14)

or simplified

g, (2+¢,)Bi[£-B(7) ]2
[2 l+¢&,)+Bil(r }l -l

6,(S.7)=

(13)

=12(3.25+ Bi)7 /(6.5 + Bi);
. 6.5+ Bi
*12(3.25+Bi)

(15)

At low (Bi << 3.25) and high (Bi > 6.5) respectively
have
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Z(T)=\/a;
7, =1/6;

I(T)I 127; (16)
=1/12
At the time 7 of completion warming /(t,) = 1, B(t,) =0
01(5,70):910(5):
:LI:J1+M2+—W§2 _1} (a7
£ 2(1+¢,)+Bi
UG W R A GRS L R
&1 £, 2(1+¢,)+Bi (18)

0 (§)|§:o =0p. =0

The second (ordered) phase (t>1,;0<E<1) Solving
equations similar to (6):

0 00,
ag{(l £,6,) g} £(7) (19)
where
:j'(1+560)8692d§_
he 0d 1 0
25 s (1+819)d§

Integrating equation (19) and using the BC (4), we find

o(60)=7; { Ty (o)1)
W(T):zg{pm(szfi—gzj} @n

2
+e&; {1—%}2

Substituting the function (21) in the condition (20)
we obtain the expression

e

xﬁez(g‘,r)ﬁ—éef(f,r)}df
&)

A

(22)

In order to simplify some free from radical and integral
(22), which function 0,(§, 7) (21) in the second term (22)
replace the first two members of its power series, i.e.

o, (§,T)z1+
+&g [1+M[2+—}3i—§2)+ﬁ(1+&j ] (23)
2 Bi 2 Bi

In this case, expression (22) takes a simpler form.
Keeping the right side of (22) members only dependent
on the time T, we arrive at the differential equation

g, 3(l+&,)+Bi
Bi 31,(7)

integral which is defined transcendent expression:

L0)-1T- | 0-0)+ 2 |

xlnj:z =Bi(r-1,)

2

}dfz —Bidt  (24)

(25)

In order to receive functions f,(t) in an explicit form
shall spread out In £, () in power series

1Y [ £ (2)-1] /n
and limited to the first two of its members (n = 1), we find

fz(r)z1+lnf2(r)

Then equation (25) after substituting in the first
term of the function (27) leads to the expression:

0 B 3Bi2(r—ro)
fe)=1; eXp{ Bi[3(1+4,)+ Bi]—Bgl} 29

Used simplification (23) and (27) is quite legitimate
because it relates to members, usually containing the
nearest multiple small parameters ¢, and ¢ . nonlinear-
ity, ie secondary member, and do not touch the main
members of the inherent solution of the correspond-
ing linear problem (g, = ¢.= 0).

Introducing the notation

3Bi
3(1+¢&,)+Bi-3¢,/Bi

0

In f(7) = 2.

n=1

(26)

@7

= (29)

we present the solution (21) function

0,(¢, T)=§7{ 1+y (&7)+y(r) —1}

y/(g,r)=2gﬁ{ L (ZEB'—g jexp[ p(z— ro)]} (30)

‘//(T) =& 1-(f))/ Biexp[—u(z —7,)]
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Sustainable integration f, of find conditions

92(&J)|§:0 :‘9100 =0 (18)

[2(1+¢,)+Bi]Bi )

2¢,

5=
31

4¢,(2+¢))

xq1—= [1— >
[2(1+¢,)+Bi]

This ends solution of the nonlinear heat conduction
problem.
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APPLICATION OF *H-NMR RELAXOMETRY
TO THE DETERMINATION OF THE WATER CONTENT
IN CLAY SOILS

Abstract

The NMR technique is widely used in polymer, chemical, and agrifood industries, as well as in many other fields of science
and technology. This work presents results from the use of FID (Free Induction Decay) application to determine the water
content in clay soil samples. The widely used oven-drying method is time-consuming and precludes using the same sample to
another test, because drying process damages the internal structure of soil. Three clay soils, characterized by high surface
area, were used in the research and six to eight samples for each soil were tested. The obtained dependence curve between
FID Signal Intensities and mass of water was characterized by a high correlation coefficient (R° = 0.97). The curve can be
used to determine the mass of water present in clay soil sample on the basis of FID Signal Intensity. Such approach allows
!H-NMR relaxometry to be applied for the determination of water content in soil samples in a fast and non-destructive way.

Keywords: water content, clay soils, NMR methods, FID Signal

1. Introduction

Nuclear magnetic resonance (NMR) relaxometry isa
mighty tool for non-destructive, fast and reproducible
investigations of porous media containing NMR-
active nuclei, such as hydrogen (‘H), deuterium (*H,
D), and fluorine (*°F). NMR-activity of the nuclei
results from possessing a non-zero spin and an intrinsic
magnetic moment. Both spin and magnetic moment
are vector values connected with each other via the
parallel or antiparallel orientation. The technique of
NMR relaxometry is commonly used in chemical,
polymer and agrifood industries, and for a various
applications in research and development areas,
including geosciences and material sciences [1 — 3].
Also, the method has been applied for investigating
the soil water interaction with soil particles, e.g.
water uptake or re-distribution [3]. It appears that the
water content in the soil has not been yet investigated
by use of the FID application in NMR technique
with using minispec mq20.The water content is the

basic physical parameter of soil affecting a variety
of engineering properties. There is a lot of methods
to determine the amount of water in soil [4, 5].
Traditional oven-drying method is time-consuming
and does not enable to use the same sample once
again to run another test, because it causes physical,
structural and chemical changes in dried sample [6].
It seems that only the tests on the same sample can
give us reliable results. Such studies are possible by
use of the FID application basing on physical laws.
Hydrogen nucleus possess a non-zero spin and an
internal magnetic moment parallel or antiparallel to
the spin. If we place these nuclei in an outer magnetic
field B, the spins orientate and precesses around the
external magnetic field with the Larmor frequency,
which is distinctive for each chemical element.
A pulses with the distinctive Larmor frequency
generated by RF (radio frequency) oscillator are applied
to the sample and the spins are flipped into an angle to
the external magnetic field (BO) causing a magnetisation
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(M,). After the pulses are switched off the spins relax
to their equilibrium orientation and the magnetisation
induced by the pulses decays. The measured signal is
called the free induction decay (FID) [7, 8]. According
to Turov and Leboda [9], the percentage of the hydrogen
spin density is possible to calculation because the signal
for the hydrogen in a solid decays much faster than that
of the hydrogen in a liquid.

The paper focuses on the determination of water
content in different clay soil samples by use of
FID applications available in NMR technique. The
procedure is validated by comparing the obtained
results with traditional oven-drying method.

2. Characterisation of the soil material

The main criterion for selection of the research
material was a high value of the specific surface area.
In such soils even smallest changes in the mass of
water cause a detectable FID signal. The three tested
soils are characterized in Table 1 and Table 2. Two
clays were obtained from the Source Clay Respository
of the Clay Minerals Society (SWy-2 natural sodium-
calcium bentonite from Wyoming and Stx-1b natural
calcium bentonite from Texas). The third clay was
the monoionic (sodium) form of industrial bentonite
with Zegbiec company in Poland (Z-MMT), originated
from Jelsovy Potok in Czech Republik. This form was
obtained of bentonite from Jelsovy Potok by special
procedure modification.

Table 1. Sorption properties and specific surface

Parameters SWy-2 | Stx-1b | Z-MMT
Montmorillonite content (XRD method) [%] 69 92 84
Moisture sorption a vapour pressure
p/p, =05 [%] 9.79 16.9 20.85
Moisture sorption a vapour pressure
o/, =095 [%] 23.38 28.77 28.7
External specific surface [m?%/g] 573 98.9 122
Total specific surface [m?/q] 344 593 732

Note: Determined by use of the Water Sorption Test by Stepkowska [10]

Table 2. Granulometric composition and plastic properties

Parameters SWy-2 | Stx-1b | Z-MMT
(lay fraction [%] 45.5 14.5 14.5
Silt fraction [%] 545 85.5 85.5
Liquid limit (the Casagrande method) [%] 519 142
Plastic limit [%] 35 44 46

Note: Granulometric composition determined by use of the laser diffraction
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3. Laboratory procedure and results

Bruker Minispec mq20 spectrometer was used
in the experiments. The study was carried out at
the magnetic field of 0.47 T corresponding to the
frequency of 20 MHz. This method allowed for fast,
non-destructive and non-invasive measurements that
requires no special sample preparation.

According to apparatus specification, samples
of 1 cm hight or shorter were placed in glass NMR
tubes. 22 samples were used in the study: six to eight
samples for each soil at different amounts of water.

Laboratory procedure included the following steps:
1. The soil powders was saturated with water in the

exsiccator under the 10% solution of H,SO, at room

temperature for 14 days.

2. The samples with specified water content and mass
was used to research Free Induction Decay (FID)
signal intensity in minispec mq20.

3. The samples were dried at 105°C for 24 hours in
purpose to determine the mass of water.

4. The dependence curve between FID signals and
mass of water was created for each soil (Fig. 1-3).

5. Next, on the basis of the results for all the 22
samples of the three different soils, one dependence
curve between FID signals and mass of water
was created (Fig. 4) with a high determination
coefficient (R? = 0.97).
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Fig. 1. AFID Signal Intensity for different mass of water
in bentonite from Wyoming (SWy-2)
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Fig. 2. A FID Signal Intensity for different mass of water
in bentonite from Texas (Stx-1b)
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Fig. 4. A FID Signal Intensity for different mass of water
in clay soils (SWy-2, Stx-1b, Z-MMT)

The curve (Fig.4) can be used to determine the
mass of water present in clay soil sample on the basis
of FID Signal Intensity. The water content can be
calculated as follows (1):

FID —-0,8607

w= 100% (D
0,4051-m — FID + 0,8607

where: w — water content in soil sample, %; FID —
FID Signal Intensity, %; m — mass of soil sample mg.

4. Conclusions

1. The dependence curve between FID Signal Intensity
and mass of water present in soil sample can be used
to calculate the water content in every clay soil
sample with known weight (and height up to 1 cm).

2. The determination of water content in soil sample
using NMR device is a fast, reproducible and non-
destructive technique, alternative for the standard
Oven Drying Method.

3. The application of NMR method to determine the
water content in soil sample enables the reuse of
the sample to other NMR tests without neither
chemical nor physical changes.
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Zastosowanie metody NMR do okreslenia
wilgotnosci w gruntach spoistych

1. Wprowadzenie

Spektroskopia magnetycznego rezonansu jadro-
wego (NMR) stanowi potezne narzedzie dla nienisz-
czacych, szybkich i odtwarzalnych badan materiatow
porowatych zawierajacych aktywne jadra, takie jak
wodor ('H), deuter (°H, D) i fluor ("’F). Aktywnos$¢
ta wynika z posiadania niezerowej rotacji (spinu)
1 wewngtrznego momentu magnetycznego. Zarowno
spin i magnetyczny moment sg wektorami utozonymi
wzgledem siebie antyrownolegle lub rownolegle (gdy
proton posiada niezerowy spinowy moment pedu).
Technika magnetycznego rezonansu jadrowego jest
powszechnie wykorzystywana w przemysle chemicz-
nym, polimerowym i rolno-spozywczym oraz znajdu-
je rézne zastosowania w dziedzinie badan i rozwoju,
w tym geologii i nauk materiatowych [1-3]. Metoda
ta znalazta rbwniez zastosowanie do badania gruntow
oraz oddziatywania wody na czastki gruntowe [3].
Autorzy nie dotarli do pracy, w ktorej okreslanoby
wilgotnos¢ gruntow w oparciu o aplikacje FID dostep-
ng w spektrometrze minispec q20 firmy Bruker.

Wilgotno$¢ jest podstawowym parametrem fizycz-
nym gruntow decydujacym o wielu jego wlasciwo-
$ciach inzynierskich. Istnieje wiele metod okresla-
nia zawarto$ci wody w gruncie [4, 5]. Tradycyjna
metoda suszarkowo-wagowa jest czasochtonna oraz
nie pozwala na ponowne uzycie tej samej probki do
innych badan ze wzgledu na fizyczne, strukturalne
i chemiczne zmiany jakie zachodza podczas susze-
nia probki [6]. Wydaje si¢, ze tylko kompleksowe
badania na tej samej probce pozwola na otrzymanie
w peli wiarygodnych wynikow. Jest to mozliwe
dzigki zastosowaniu aplikacji FID, ktora oparta jest
na prawach fizycznych.

Jadra wodoru posiadaja niezerowy spin i wewnetrz-
ny magnetyczny moment zorientowany réwnolegle
lub antyrownolegle do niego. Jezeli jadra te zostana
umieszczone w zewnetrznym polu magnetycznym
B, spiny orientuja si¢ i precesuja wokot zewnetrzne-
go pola magnetycznego z czestotliwoscig Larmora,
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ktora charakterystyczna jest dla kazdego pierwiastka
chemicznego. Oscylator generuje impulsy o czestotli-
wosci Larmora i przekazuje je na probke, w wyniku
czego spiny orientuja si¢ pod odpowiednim katem do
zewnetrznego pola magnetycznego B0, powodujac
magnetyzacje MO0. Po tym, jak impulsy o czestotliwo-
sci radiowej zostang wylaczone, spiny ulegaja proce-
sowi relaksacji i powracajg do stanu rownowagi, a ich
magnetyzacja wywotana przez impulsy zanika. Mie-
rzony sygnat nazywany jest swobodnym zanikiem
magnetyzacji (FID) [7, 8]. Wedtug Turova i Leboda
[9] mozliwe jest obliczenie procentowej zawartosci
wodoru, dzigki temu ze protony w ciele statym relak-
suja sie o wiele szybciej niz protony w cieczach.

2. Charakterystyka materiatu gruntowego

Gléwnym kryterium selekcji materiatu badawcze-
go byl wybor gruntow o jak najwyzszych powierzch-
niach witasciwych. Pozwolito to na uchwycenie na-
wet najmniejszych zmian masy wody i intensywnosci
sygnatu FID, jakie zachodzilty w probce. Charakte-
rystyka badanych gruntow zostata przedstawiona w
tabelach 1 1 2. Badaniom poddano dwa amerykanskie
ity modelowe (SWy-2 naturalny sodowo-wapniowy
bentonit z Wyoming i Stx-1b naturalny wapniowy
bentonit z Texasu). Trzecim badanym item byta mo-
nojonowa (sodowa) forma bentonitu przemystowego
z fabryki w Zebcu (Z-MMT). Bentonit ten powstat
w wyniku wymiany jonowej bentonitu z Jelsovego
Potoku (Stowacja).

3. Procedura laboratoryjna i wyniki

Badania przeprowadzono na spektrometrze mi-
nispec mq20 firmy Bruker. Zastosowano normalne
pole magnetyczne 0,47 Tesla odpowiadajace czgsto-
tliwosci 20 MHz. Uzycie tej metody pozwolilo na
szybkie, nieniszczace i nieinwazyjne pomiary, ktore
nie wymagaly specjalnego przygotowania probek.
Zgodnie z wymaganiami aparatury do badan uzyto
probek gruntu o maksymalnej wysokosci 1cm, ktore
umieszczano w specjalnych szklanych probowkach.
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W rezultacie przebadano 22 probki: od 6 do 8 pro-
bek dla kazdego gruntu o mozliwie réznej zawartosci
wody.

Procedura laboratoryjna obejmowata nastepujace
kroki:

1. Nasycenie proszkow gruntowych woda (przeby-
wanie nad eksykatorem z 10% H,SO, przez 14
dni). Dzieki temu wszystkie probki danego gruntu
miaty taka samg wilgotnos¢.

2. Probki o okreslonej wilgotnosci 1 r6znej masie uzyto
do badan intensywnosci sygnatu Free Induction De-
cay (FID) przy uzyciu spektrometru minispec mq20.

3. Suszenie probek w temperaturze 105°C przez 24 go-
dziny w celu okreslenia masy wody w kazdej probce.

4. Stworzenie krzywej zaleznos$ci pomiedzy inten-
sywnoscig sygnatu FID a masg wody dla kazdego
gruntu (rys. 1-3).

5. Na podstawie wynikdw otrzymanych z badania 22
probek trzech roznych gruntow stworzono jedna li-
niowa krzywa zaleznos$ci gruntow pomiedzy inten-
sywnosciag sygnalu FID a masa wody o wysokim
wspotczynniku determinacji (R? = 0,97) (rys. 4).
Krzywa (rys. 4) moze by¢ uzyta do okreslenia masy

wody obecnej w probkach gruntow spoistych na pod-

stawie intensywnosci sygnatu FID. Wilgotno$¢ moz-

na obliczy¢ ze wzoru (1).

4. Wnioski

1. Krzywa zaleznosci intensywnosci sygnatu FID
od masy wody obecnej w probkach gruntowych
moze by¢ wykorzystana do okreslenia wilgotnosci
w kazdym gruncie spoistym o znanej masie (przy
zachowaniu wysokosci probki do 1 cm).

2. Okreslenie wilgotnosci w probkach gruntow przy
uzyciu aparatury NMR stanowi szybka, odtwarzal-
na i nieniszczaca alternatywe dla standardowej me-
tody suszarkowo-wagowe;j.

3. Zastosowanie techniki NMR do okreslenia wil-
gotnosci w gruntach pozwala na ponowne uzycie
probki do innych testow NMR bez zmian fizyko-
chemicznych w probce.
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INDOOR AIR QUALITY IN COMPUTER LABS

Abstract

The article presents the results of indoor air quality measurements in three university computer labs. In the spaces
concerned natural ventilation system has been applied. The obtained results indicate a very low air quality in this type

of room.

Keywords: building physics, ventilation, air exchange, indoor air quality, CO, concentration

1. Introduction

The university buildings are objects even several
decades old. Only a small percentage of those
buildings located in Poland is equipped with a
mechanical ventilation system with adjustable
microclimate parameters. The standard solution in
such buildings is a system of natural ventilation.

The poor financial situation of universities meant
that managers are looking for solutions that reduce
operating costs. The heating is one of the main items
in the cost of building maintenance. Most simple and
most effective solution to this problem is to increase the
thermal insulation of the building envelope. Carrying
out some modernization work without the organization
of the air exchange has a negative effect on the
microclimate inside these objects [1, 2, 3]. In the article
the problem of what was contacted while conducting
research on the microclimate in the university computer
labs subjected to thermal modernization is presented.

The [4] sets out general requirements for ventilation.
The standards [5, 6] are given, inter alia acceptable
tightness of opening windows. These data is very
important for new buildings, but also renovated and
modernized. Usually thermomodernization works are
very complex and include works from several areas of
the building. In accordance with applicable regulations
[7] some work can be carried out without the need for
facility owners or license agreements. The requirements
contained in the provisions [5] apply to new facilities,
which results from the application of the standard.

Equipment in the tested rooms is characteristic.
More than a dozen computers in a small laboratory
also has a large impact on the parameters of the
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microclimate. The result is usually disturbances in the
operation of natural ventilation and the deterioration
of the internal microclimate.

2. Carbon dioxide as the indicator of air quality

The relationship between the quantity of ventilating
air and the concentration of carbon dioxide inside
rooms has for years been recognized and applied
as criterion of air quality valuation. The frequent
occurrence of carbon dioxide in typical conditions is
not dangerous. This non — toxic gas can only cause
the feeling of smaller or larger air stuffiness. One
usually observes the growth of CO, concentration in
the air coming from external and internal sources in
closed rooms. First of all, it penetrates to the room
from the outside by means of air infiltration through
untightness in the lining of the building. The growing
degree of industrialization causes that the level of
carbon dioxide concentration in the atmosphere
constantly grows. At present its value hesitates
between 400 — 600 ppm. Alive organisms and gas
devices are the source of carbon dioxide inside
the rooms. Its concentration depends on organism
activity and my vary for individual people due to their
diet, the mass of the body and the condition of the
whole organism. It is obvious that the concentration
of carbon dioxide depends on the number of people
inside the room, not sufficient air exchange (the fall
of the content of oxygen in the air) and intensification
of combustion processes in the room (e.g.: smoking
tobacco, preparing meals). Thatis why, carbon dioxide
was chosen for the qualification of the microclimate
quality inside considered flats.
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The boarder value of carbon dioxide concentration
for which the lack of harmful working bets on the
man 8500 ppm according to Hodgson. The present
standards for the internal air assume the admissible
level of carbon dioxide concentration on the level of
1000 ppm. This coefficient was proposed by Max von
Pettenkofer in the nineteenth century [8].

Table 1. The influence of carbon dioxide on human
organisms [9]

Concentration of (0,

No. LB AL pan The symptoms
1. 300 450 Dry external air
Basis for the qualification of most standards concerning
2. 1000 . I .
the quantity of ventilating air for a single person
3. 1550 + 500 The growing feeling of stuffiness
4 5000 Limitations concerning working posts

5. 7000 -+ 10000 The growth of breathing capacity

6. 15000 The appearance of metabolical stress

7. 20000 The increased frequency of breathing and headaches

8. 40000+ 52000 | (O, concentration in the air breathing out from the lungs

10. | 60000 - 80000 The possibility of partial paralysis

11. > 80000 Losing of consciousness in a few minutes

Table 2. Emission of carbon dioxide for different levels of
activity [9]

A type of activity Emission of (0, dm’/h
Dream (motionless recumbent position) 10+12
Sitting position (without doing any work) 12+15
Sitting posture — easy office works 18+25
Doing work of average difficulty 3244
Doing hard work >55

The applicable Polish regulations do not specify
maximum concentration of carbon dioxide in the
premises of residential and public buildings. However,
in standard [9] categories of indoor air according to
the concentration of CO, are defined (Table 3).

Current standards for indoor air quality indicate an
acceptable level of CO, concentration. It equals 1000
ppm[11, 12]. Itis aminimum hygienic requirement. In
the standard [10] this value corresponds to moderate
indoor air quality. The author concluded that value as
the maximum recommended.

Table 3. Classification indoor air quality for rooms with
low emission of pollutants and non-smoking by [10]

- Increase of CO The volume flow
Description of oL et
(Category indoor air qualit concentration in relationto | of outside air,
quatty the outside air, ppm m’/h
IDA 1 High <400 <54
IDA 2 Average 400 + 600 3654
IDA3 Moderate 600 - 1000 22+36
IDA 4 Low > 1000 >22

3. The subject of research

The testes were conducted in 5—storey buildings
constructed in masonry technology. External walls
were insulated with 15 cm thick foamed polystyrene
with thin coat render. Roofs and roof spaces were
insulated with 20 cm mineral wool. The buildings
had ducted ventilation systems. The researches were
performed in the period between October 2014 and
February 2015 at the outside air temperature of
—12°C++10°C and relative humidity in the range
of 45%+96%. Carbon dioxide concentration in
atmospheric air was 470+730 ppm by volume. Wind
velocity reached the values from 0.00 to 6.10 m/s.

During the measurements registration of basic
microclimate factors were carried out: the concentration
of CO,, temperature and relative humidity. The
parameters were measured for three months in a two-
week period at an interval of 30 minutes. Three series
of measurements for each computer lab were done.
Daily averages values of the external air in the course
of the study are presented in Table 4.

Table 4. The average daily value of external air parameters
during the measurement

Parameter October December February

Temperature [°(] 8+21 0+9 -2+7

Relative humidity [%] 58+92 70+ 96 73+ 86
Atmospheric pressure [hPa] | 10021026 | 9981029 | 1005~ 1023
(0, concentration 403 - 416 429 - 441 460 -+ 486

4. Results of measurements

In all labs the variation of microclimate parameters
were made according to the same scheme. The values
of the measured parameters (CO, concentration,
internal temperature and relative humidity) have
been rising since the start activities and soon reached
maximum values. After complete leaving the
premises, these values decreased slowly again to the
minimum value (Fig. 1).
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Fig. 1. Weekly diagram of indoor air parameters for a
series of measurements in the selected computer labs

In all the surveyed Ilaboratories the indoor
temperature has exceeded temperature of thermal
comfort. The maximum temperature was in the
laboratory No. 3 and amounted to 32.7°C. It should
be noted that it was during a sunny day in a room
on the southern side. In other cases, the maximum
temperatures were in the range of 29.6°C to 32.7°C.
Temperatures lower than 20°C were reported rarely
while using the computer labs. It was only after
extensive and long term (over 30 minutes) weathering.
The lowest values of the internal temperature were
recorded at night or in the morning and they ranged
from 19.6°C to 21.5°C. Minimum and maximum
values for individual labs are shown in Figures 2-4.

Fig. 2. The minimum and maximum values of the internal
temperature in the computer labs

When the computer labs were used relative humidity
were between 30.4% to 36.5% (Fig. 3). They were
lower than the recommended 40%. When labs were
being used relatively large and fast increases in
relative humidity were reported. However, they did
not exceed the maximum allowable values for thermal
comfort, recommended in [13].

The lowest values of CO, concentration were
recorded at night or early in the morning. They ranged
from 474 ppm to 526 ppm. The values do not exceed
the recommended 1000 ppm. During the day the CO,
concentration increased rapidly to the maximum.
Maximum values exceed even 3000 ppm. The
characteristic small declines in the value of the carbon
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dioxide concentration during the day (Fig. 4) is the
result of short rooms weathering. It did not have a major
impact on improving the indoor air quality. It improved
the internal air quality only for a moment (Fig. 1).

Fig. 3. The minimum and maximum values of the relative
humidity in the computer labs

Fig. 4. The minimum and maximum values of CO,
concentration in the computer labs

5. Summary

Conducted research indicates that indoor air
quality in the studied computer labs is very low. All
IAQ parameters do not meet the current standard
requirements. The values of CO, concentration
exceed and even triple the maximum recommended
values. Even though the reported levels were
temporary, they occurred at all times using the labs
were in use. The measurement results qualify all test
computer laboratories to the IDA 4 category of air
quality according to EN 13779: 2008. It is the result
of'a low capacity of natural ventilation during spacesa
use. It is also the result of the inability to control the
ventilation system (increased efficiency over time).
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Jakos$¢ powietrza wewnetrznego
w pracowniach komputerowych

1. Wstep

Budynki, w ktorych mieszcza si¢ uczelnie wyzsze
to obiekty nawet kilkudziesiecioletnie, wyposazone
w system wentylacji grawitacyjnej. Tylko niekto-
re posiadaja wentylacje mechaniczng. W artykule
przedstawiono wyniki badan typowych parametrow
opisujacych mikroklimat w laboratoriach komputero-
wych obiektow poddanych termomodernizacji.

2. Poziom CO, jako wskaznik jako$ci powietrza

Zalezno$¢ miedzy jakoscig powietrza wentylacyj-
nego a stgzeniem dwutlenku wegla w pomieszcze-
niach od lat stanowita kryterium oceny jako$ci po-
wietrza. Generalnie w typowych warunkach stezenie
tego gazu nie stanowi niebezpieczenstwa. Jest on
nietoksyczny i moze prowadzi¢ do uczucia wigkszej
badz mniejszej dusznosci. W zamknietych pomiesz-
czeniach obserwuje si¢ wzrost jego stezenia zar6wno
ze zrodet zewnetrznych, jak i wewnetrznych.

3. Przedmiot badan

Badaniom poddano laboratoria komputerowe
w budynku uczelni wyzszej o konstrukcji trady-
cyjnej. Wystepujace w takich obiektach pracownie
komputerowe charakteryzuja si¢ do$¢ specyficznym
mikroklimatem. Wynika to gtownie z niewlasciwej

organizacji wymiany powietrza, ale rowniez ma to
zwiazek z wyposazeniem takich pracowni. Badania
obejmowaty pomiary stezenia dwutlenku wegla, tem-
peratury wewnetrznej 1 wilgotnosci wzgledne;.

4. Wyniki badan

We wszystkich analizowanych pomieszczeniach
przebieg zmienno$ci parametrow mikroklimatu od-
bywat si¢ wedlug tego samego schematu. Wartosci
mierzonych parametréw wzrastaly od momentu roz-
poczecia zaje¢ i w krotkim czasie osiagaty wartosci
maksymalne. Po catkowitym opuszczeniu pomiesz-
czen wartosci te powoli spadaty, aby uzyskac¢ ponow-
nie warto$ci minimalne. Najnizsze wartosci st¢zenia
dwutlenku wegla odnotowano w nocy i wynosity
one od 474 ppm do 526 ppm. W trakcie uzytkowania
pomieszczen stezenie CO, wzrastato szybko do war-
tosci maksymalnych. Maksymalne wartosci przekra-
czaly nawet 3000 ppm.

5. Podsumowanie

Przeprowadzone badania wskazuja, ze jakos$¢ po-
wietrza wewnetrznego w badanych pracowniach
komputerowych jest bardzo niska. Wszystkie mie-
rzone parametry IAQ nie spehniaja aktualnych wy-
magan normowych. Zmierzone wartosci stgzenia
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CO, przekraczaly nawet trzykrotnie maksymalne
wartosci zalecane. Pomimo ze odnotowane warto-
Sci przekroczen mialy charakter chwilowy, to jednak
wystepowaly one przez caty okres uzytkowania po-
mieszczen. Wyniki pomiarow kwalifikujg wszystkie
badane sale do kategorii IDA 4 jakosci powietrza wg
PN-EN 13779:2008. Jest to wynikiem niewystarczajg-
cej wydajnosci zastosowanej wentylacji grawitacyjnej
w czasie uzytkowania pomieszczen. Wynika to réw-
niez z braku mozliwosci sterowania systemem wen-
tylacji (okresowego zwickszenia wydajnosci).
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