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HaBeneno pe3yibTaTH eKCHEePUMEHTAIBHOr0 BHMIPIOBAHHA (I3MYHHUX NapaMeTpiB y
BUPOOHMYMX NPHUMIlIEHHAX BJITKY Ta B3MMKY. bararo BuMipiOBaHb NpPOBOAWJIOCH Y
YU CJIEHHUX NPUMilIeHHsSIX. Y Po00Ti BHKJIAJEeHO XapaKTePUCTHKHM Ta I J0CAITHMIBKOIO
npoexty “LleHTp MiATPUMKH AOCTIIKEeHb BHCOKOI SIKOCTI 1Jis1 IHTErpoBaHUX AOCTiIKeHb
NpOorpecuBHUX OyliBeIbHUX KOHCTPYKIiH, MaTepiagiB i TexHoJorii” . Oco0aMBUM 3aBIaAHHAM
Ne 2 nporo mpoekry € “IlinTpuMka AocaigxKeHb KOHCTPYKUiA cucTeM “iHTeJeKTyaIbHUX —
po3yMHHMX OyAiBeab’, 30CEpeIKYIOYHCh HAa SKOCTI JKMTTSI CTOCOBHO eHEpPreTMYHOI
e()eKTUBHOCTI i NPUIHATHOCTI M0 BiTHOIIEHHIO 10 TOBKiNIfA” .

KarouoBi cioBa: 00roprkoBi CTPYKTYpH, TelJIOBHH MIKpPOKJIMAT i 3BOJIOKYBAaHHS,
ONTHYHI mapaMeTpH, Koe(iieHT JeHHOr0 OCBiTJIeHHs, IIOBepPXHEBi TemmepaTypH,
eKClepMMeHTAlbLHI BUMipIOBaHHs, (pi3MyHi yMOBH, Nnpod/eMH, BUKJIUKAHI CHPICTIO.

The article shows the experimental measurements of physical parameter results in
production halls in winter and summer periods. Many measurements were conducted in
numerous halls on site until recently. The article expresses the char acteristics and goals of the
research project ,, Research support centre of excellence for integrated resear ch of progressive
building structures, materials and technologies'. Specific goal No. 2 of this project is to
" Support the research of structures of intelligent - smart buildings by focusing on the quality
of life by orienting towar ds ener gy efficiency and environmental acceptability.

Key words. envelope structures, thermal and humidity microclimate, optical
parameters, daylight lighting coefficient, surface temperatures, experimental measurements,
physical conditions, moisture problems.

Introduction. The thermo graphic (thermo-visual) diagnosis of envelope structures revedas
temperature anomalies caused by the thermal properties of claddings. Defects have been detected,
especially in buildings built in the 1960s. Thermo-grams show the unsatisfactory condition of the buildings
due to excess heat loss in winter and heat gain in summer. Following the work of a previous author who
specialized in monitoring physical parameters of building envelope structures, an in situ envelope
monitoring device reflecting quasi-stationary states of internal dynamic changes in the external
environment was established.

Previous Research An employee subjective feeling review of envelope designs and production
techniques was conducted to evaluate the internal environment of industrial factory building directly by
those who populate it, who live in it. People feel most satisfied with their environment during the
transitional period, which is expected. Dissatisfaction is at its highest during summer and winter caused by
overheating and insufficient heating respectively. For this purpose several tests measuring thermal
parameters were carried out in the summer and winter periods.

Heat and moisture transport Moisture control is a very serious problem in buildings. In some
cases it is challenging to solve the conditions of thermal moisture in the microclimate. With increasing
relative humidity due to partial pressures the balancing and diffusing of water vapour occurs in damp
claddings, especially if the barrier is porous and absorbs moisture from the surrounding air. Porous

259



concrete and its impact of liquid moisture transfer have been studied in addition to water vapour diffusion.
For non-linear mathematical models of heat and moisture transfer in porous materials, numerical algorithm
solutions have been constructed. Algorithm t is designed to show the unsteady heat transfer and moisture
not only in the direction through the mass envelope (wall thickness) but also as a consequence of timet.

Roziiava — old object — recongtructed Rozriiava — new object

Presov — new object Presov —interior of hall object

Figure 1. Some objects where experimental measurementsin situ were made

The results of calculations show that the proposed method gives satisfactory numerical solutions to
address boundary conditions and their corresponding solutions.

Measurements of temperatures and humidity were made on site on a particular object and
verification was performed according to proposed computational models. Measured results are comparable
with the solution proposed by mathematical and physical models of heat transfer and moisture.

Overhead and Day lighting Systems M easurements of light microclimate conditions of the internal
environment where only side lighting in the plane of exterior walls was considered has been carried out in
many buildings. Based on measurements, it is clear that in a side lighting system, i.e. light only from the
sides and not from above, there is a significant deficit in illuminance, in areas which are far from
transparent panels. Based on the statistical evaluation of measurements, a mathematical model of the
approximate nature of a preliminary determination for resulting values of the daylight factor of production
facilities was derived, taking into account sky, reflecting both external and internal components of the
daylight factor. These daylight factors are so small that it is necessary to activate an artificial lighting
system, i.e. combination of natural and artificial light daily.

The situation is different if the premise utilizes a natural overhead lighting system. In assessing the
internal lighting, normative calculation procedures are used, which in principle, uses extremely simplified
external conditions - (standard heavy sky, its brightness and gradation, etc.). Innovative computer
technology now allows us to address the broader problem of time in order to achieve accurate results in a
relatively short period of time.
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Figure 2. Cross Section — measurements points (internal, surface temperatures and humidity)

Even though it is nowadays common to use simulation programs in design practice, for efficiency in
the process of architectural design and construction of buildings, especially for large hall-type buildings -
industrial as well as multi-purpose sports, cultural, civic buildings, it is necessary to determine the
prediction plane for boundary terms of physical components of the internal environment in order to
determine what conditions the internal environment will compute of thereal interior. (Lopusniak 2010)

In practice, real indoor test measurements were made daylight in order to compare the results
obtained by computer simulation with those measured in site.

Test measur ements for summer and winter periods On site measurements in summer and winter
were made in several production facilities. Some of them are shown. Weekly measurements during the
summer of two different halls, oriented towards the cardinal points revealed the following results while
outside temperatures in summer varied between 13.2 to 30.4 °C

- The south-facing lobby’sindoor air temperature varied from24.1t0 35.5° C

- The north-facing lobby’ s indoor air temperature varied from 24.4t0 32.8° C

It follows that the minimum temperature during the week of measurement are comparable, but the
maximum interior temperature varies only about 1 % ° C, which is negligible.

Figure 3. Relative humidity of internal air, internal air temperatures in three different highs and external
temperatures as results of measurements from 31. of December to 12. of January

On this basis it can be concluded that the impact made by the orientation of the production hall is not
as pronounced as in residential and public buildings due to the fact that alarge air cushion is created in the
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interior of alightweight construction design with a low accumulation of light within the partitions, which
does not provide sufficient heat accumulation in the nucleus and as a result promote the inability to cool
down (to reduce indoor air during the night) by ventilation. Measurements were only made at one point,
but applied a wide range of differentiated labor networks, where work was an ongoing process.
Temperature distributions in the internal network environment were determined.

In winter, the internal surface temperatures of envelope structures were measured. The greatest
variance of the surface temperature occurred at the skylight. Other structures did not express such
significant differences as the ridge skylight had. A minimum surface temperature of - 5.4 ° C was recorded
and a maximum of 19.9 ° C +, which is more than a 20 ° C temperature gradient for the same day. Taking
into account the large thermal expansion and subsequent volume changes of the structural €ements,
making it the most difficult design detail, it is necessary to see the incidence of these effects on the
structural el ements which can cause the occurrence of cracks, leaks and water below.

Figure 4 Results of measurements - comparison of internal and external temperatures measured
from 31 of December to 12 of January 2010 in Hall objectsin Roziiava (fig. 1A,B)

Annual on site measurements have been logged in recent years in several production facilities. This
was done to not only monitor physical parameters of the claddings and the roof of the ground but also to
create growth in this field of study. One factory building in the Presov region has had its soil temperatures
taken to a depth of up to 3.0 m during several probes under the production floor (Fig. 1, C,D). (Rudisin,
2009) , (Rudisin, Scherfel, 2010)

Quasi-Stationary State Assessment. The ongoing project ITMS has a specific objective to:
“Promote excellent research designs for intelligent buildings with emphasis placed on the quality of life
while ensuring energy efficiency and environmental acceptability”. This depends on Creating a test facility
for researching envelope designs of inteligent buildings. This enables researchers to accurately monitor
the changes in physical characteristics of envelope structures, their elements and details in quasi-steady
thermal-moisture state conditions for the interior climate, based on environmental factors on site. This
experiment studies the properties of intelligent building structures and the effects of climate variables
caused by external influences.

Test equipment and an experimental model of an intelligent building system using progressive
technologies environment are to be prepared. This test device monitors the state of the internal
environment, using advanced systems of heating/cooling, ventilation and air conditioning in buildings and
implements the dynamics of stored energy in the building structure without adverse hygiene effects placed
on theinternal environment.

The aim is to improve the quality of integrated research of advanced building constructions in civil
engineering by focusing on progressive design and building technology, with a goal of devising and
evaluating design eements intended for creating advanced envel ope designs.
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Figure 5. Test boxes- monitoring chambers - view outside

The idea is to create a research facility for progressive design and intelligent building envelopes,
designed for interiors. The second objective is capable of simulating the thermal humidity of processes
occurring in rooms equipped with a progressive engineering environment (heeting/cooling, ventilation and
air conditioning in combination with renewable energy), by continuously monitoring the microclimate
conditions and environmental |oads placed on the internal environment.

Proposed monitoring chambers are intended for research and the evaluation of structural and
physical requirements as well as other characteristics of building structures under realistic conditions
caused by external climatic factors, while maintaining the so-called quasi-stationary state of the internal
environment in an experimental model.

Lessons learned so far from long-term measurements of physical characteristics of building
structures and in real conditions carried out by faculty staff in recent years has resulted in the processing of
severa research tasks, dissertations and other findings from experimental research in this scientific field
(Figures 5,6).

Figure 6. Test equipment —view inside

The objective of the test equipment - monitoring chamber —is to monitor the physical characteristics
of advanced envelope building constructions, their elements and details in quasi-steady thermal-moisture
state conditions against changes in the external climate which are based on environmental factors.

Test boxes, where elements of structural components are tested, have their interiors separated into
two parts. The first part smulates the heat and moisture microclimate and the second houses the
instrumentation devices. Boxes for monitoring physical properties of vertical, horizontal, or location can
have the angle of the embedded sample altered depending on experimental conditions and requirements.
This alows the test boxes to be more flexible in their capabilities. Required physical data is tracked using
an automatic logger that contains necessary sensors and computer technology. To monitor year-round
progress and changes, the climateis determined by exchanging meteorological data.
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Conclusion. The end result is a device designed for experimental research and testing on site
measurements, which provides an idea of the physical quality of construction arrangements intended for
the creation of intelligent buildings, or how to edit outputs and create these structures and their details. The
device should also apply to the development and production of roofs, siding, flooring and transparent
structures.

The ahility to research new constructions with advanced actuators and computing control systems,
which enable long-term control, by monitoring changes in their physical properties as a result of current
effects of exposure:

- Changing external physical factors and climatic conditions

- A stationary indoor environment, based on the integration of results and lessons learned from
testing the theoretical solution and experimental measurements on site.
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