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Introduction

Topicality of the problem. Contemporary buildings and products of large over-
all dimensions for production convenience are more often produced of assem-
bled segmental layered structures. Such deformable structures are widely com-
mon in habitable and industry buildings, heat and atomic electrical stations,
space stations, airplanes and ships. It may be stationary partitions, mobile struc-
tures or doors, intended to save premises and people from fire.

Door resistant to fire temperature is one of the main elements of the build-
ing design for fire safety. It must perform two functions at the same time: to
have durability to use at normal conditions, safety and security at fire condi-
tions. It leads to a complex structure, formed of different materials, which are
used in the door and fixed frame. Every of these parts must demonstrate parti-
cular thermal and mechanical stability, summed as integral criterion E and iso-
lation criterion | in purpose to secure mentioned functionality (EN 1363-1 and
EN 1634-1, 2008). Big variety of steel frames is in the European market, which
can be combined with adequately large variety of passible door and simply in
most cases producers of frames and doors are not the same. It creates require-
ment to differentiate between the characteristics of door and frames. Together
with different test conditions, it is massive walls or light weight walls, different
configurations, it is opening towards or out of fire, this variability of products
leads to big number of costly obligatory fire tests. Though this number can be
partly decreased by means of numerical analysis, although numerical research,
justified by means of liquid dynamic numerical simulation with influence of
door gap on smoke and fire penetration, at use of common assembly of door
and frame, may be not satisfactory. Most of authors dealt with the door as an
integral structure not analyzing details of temperature and deformation change
in steel frame in time neither experimentally, nor numerically seeking to find
the main factors which have influence on frame isolation criterion I. Such re-
search enables to help classify similar frame structures to categories and for it
to decrease the number of necessary fire tests. Although new aesthetic, strength
and fire safety requirements are not reflected at contemporary research, because
the main disadvantage of contemporary fire door structure, defined by tests, is
that it deforms being acted by fire. It is connected with the phenomenon that
from the side of heated structure a metal leaf expands while the contrary side of
the structure which is not acted by temperature, does not change its dimensions.
For this the structure warps, forming the gap through the jamb middle (if in the
room, in which the fire arose, the door opens inside) or at the top or bottom of
jam (if the door opens outside). In such a way structure looses its hermetic and
opens the way for air flow to fire possessed room and for spread of heat, smoke



and fire to neighbouring rooms. At suitable isolation the accommodation will
let to reach the highest fire safety. So, only the fire door of a new structure can
provide suitable isolation of accommodation, because traditional structures
have limited strength and fire safety action time.

The main attention in the work is intended to define the possibility of lay-
ered structures to isolate the rooms and people in them from fire, also to meet
aesthetic and strength requirements.

Relevance of the work. Because of increased market competition re-
quirements of products and buildings aesthetical appearance, strength and fire
safety properties are more and more increased. Aesthetically fine component
parts of products in most cases are produced of material, characterized by bad
physical properties, for that reason selection of materials of the product in
whole and their overall dimensions must be harmonized with the common
structure of the product, that would not worsen strength and fire safety proper-
ties of an existing building or product, which are defined in requirements of a
usable product. To combine properly all these properties it is possible only after
fulfilment of theoretical and experimental investigation, on the ground of which
it would be possible to produce the product competitive for a world market.

It would secure timely isolation quality of fire temperatures, would enable
to use, where it is necessary, good aesthetic appearance, necessary strength and
high fire safety in living apartments, bureaus, atomic electric stations, subma-
rines, space stations, bomb shelters, power and military objects.

The object of research — layered structures at fire situation.

Aim of the work — to investigate deformation regularities of layered struc-
tures at fire situation and form research methodic of such structures.

Tasks of the work. To achieve the aim of the work, the following tasks

must be completed:

1. To analyze the science literature about types of layered structures, in-
sulation material and investigation of their thermal deformation.

2. To research by numerical simulation and experimentally the defor-
mation process of layered structures at fire conditions and to define the
marginal states of thermal displacements at different constitutions of
structures.

3. To define regularities of layered structures isolation materials disinte-
gration in layers and indices of heat conduction.



4. By comparable experimental investigation at fire conditions to define
deformation processes and regularities of layered structures.

5. To propose algorithm and methodic of experimental research of the
layered structures, justified by temperature change of the real fire.

Methodology of research. The work was prepared fulfilling theoretical
and experimental research, applying principles of numerical analysis, fulfilling
comparative tests of new type layered structures at fire conditions and evalua-
tion of temperature deformations, applying mathematical statistical analysis for
evaluation of reliability of received results.

Scientific novelty. At preparing the dissertation such new results were re-

ceived for the science of mechanical engineering:

1. Numerically modelled and experimentally examined relation between
location of isolation materials in layers and temperature change and
temperature dislocations of layered structures and deformation regular-
ities at fire conditions. Influence of this relation on effectiveness of
isolation at high temperatures is evaluated.

2. Original technology is proposed and programmable and experimental-
ly realized, which enables to unite forming processes of a structure and
isolation layers, while the proposed algorithms and fire test methods
let to design and develop such structures, location of isolation layers in
them and to define the disintegration regularities.

3. Methodic was proposed for evaluation of change of real temperatures
at fire tests of layered structures.

Practical value. At apply of made — up layered structures of a new type
for isolation of fire temperatures with new aesthetic and strength requirements,
the production, competitive in European Union, is designed and produced,
while the fire safety becomes more reliable if to compare with other methods
used at this time for apartment isolation from high temperatures.

Defended propositions

1. New forming method of layered structures, justified by tests at fire
conditions and by specifics of isolation materials location and disin-
tegration increase effectiveness of high temperature isolation.

2. The proposed methodic of fire tests enables to evaluate the influence
of real temperatures on the structure at fire uprise.

3. The layered structures are created which acted by fire temperatures,
keep thermo mechanical resistance for one hour time.



The scope of the scientific work. The scientific work consist of the intro-
duction, three chapters, conclusions, list of literature, list of publications. The
total scope of dissertation is 140 pages, 84 figures, 5 tables, 28 numbered for-
mulas. 139 sources of scientific literature were used.

1. Development evolution and research analysis of multilayered structures

In published science papers large attention was appointed to fire temperature
isolation for structures and isolation methods, their simulation, analysis, exper-
imental tests and for search of methods and means for isolation by layered
structures. Analysis of references shows that apartments of new generation, en-
ergetic and military objects require the temperature isolation structures of high-
er aesthetical and strength level, especially at a zone of fire spread. Traditional
layered structures are frequently used to separate the rooms one from the other
and partly to secure wealth when isolation of high temperatures is not needed.
Some authors affirm that at use of special materials in a multilayer structure in
some cases such structures can present the better isolation of high temperatures.
At these cases when the better aesthetic, strength and temperature isolation re-
sults are required, which traditional structures can not provide, the new type
multilayer structures for high temperature isolation are created. In some cases
at use gypsum in multilayer structures and other refrigeration materials, such
structures have showed better characteristics of high temperature isolation then
the structures with classical materials. Although also it is known that such
structures are more expansive, complex, but more reliable then classical. The
main limitation of use the classical structures is that isolation of fire tempera-
tures is not sufficient. For that reason the use of multilayer structures of new
type can be limited in some cases when for their use expenses, complexity and
mass increase markedly. For that reason in pursuance to decrease expenses and
improve characteristics of high temperature isolation the layered structures of
new type with specifics of layers location and use the new method of fixing the
contact surfaces with environment were created. In announced publications
methods of high temperature isolation were analyzed, but final result of heat
isolation is the same, only differ used materials, calculation algorithms, pro-
gram software, structures, computer technic, and fire tests in accordance with
requirements of I1SO standards, but small number of tests are announced solu-
tion search of these problems, especially for location of materials in layers,
methods of their fixing and for real temperature change at fire tests. The real
temperature change and recommended by ISO standard for fire tests is shown
in Fig. 1. The notable difference is seen. For that reason the structure, tested by
ISO Standard, can not answer to results required in real fire conditions. Defin-
ing by such a method high temperature isolation parameters of a multilayer



structure when it is necessary to agree aesthetical, strength and fire safety re-
quirements and to summarize effectiveness of a structure, the final result may
be unsatisfactory.
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Fig. 1. Comparison of temperature-time curves at natural fires
with I1SO 834 standard fire

From different arrangements of high temperature isolation structures be-
ing described in science literature, the mostly popular type are structures with
fillers of cooling materials, in which temperature is distributed evenly in all
structure, while keeping high effectiveness of temperature isolation.

Not depending on speedy development of high temperature isolation
structures and good results received in fire safety, increase of science publica-
tions is recently seen and an interest in new type of layered system structures,
which are aesthetic, has high resistance to inbreak and are able to work at high
temperatures and at action of military operations, while traditional structures
are straightly enable for it. So the layered structures for wealth protection and
isolation of high temperatures have a niche in living premises, industry, ener-
getics and military objects.



2. Thermomechanical simulation of multilayer structures

Numerical simulation of fire temperature isolation of layered structures with
different methods of material location in layers and fixing methods are present-
ed in this chapter. Linear and not linear methods are used in simulation at com-
parison the received results with experimental results.

At linear analysis the conductivity matrix does not change during the solu-
tion process, at nonlinear analysis it must be modified because material proper-
ties and / or boundary conditions are temperature dependent. At steady state
analysis material conditions and boundary conditions do not change with time;
at time dependent (transient) they do change. Algorithm of such research is
proposed.

On the grounds of research a number of different arrangement of multi-
layer structures and their temperature fixing mechanisms are created and pa-
tented. Mathematical model of heat transfer is created and multilayer structures
of different arrangements are analyzed. By numerical methods it is defined, that
when the examined structure is formed of 1.5 mm thickness steel plate, 50 mm
thickness and 33 kg/mm?® density stone wool, which from the other side is cov-
ered by 0.7 mm thickness steel leaf, while inside of the structure through its
middle is a vertically fixed stiffener, its temperature at fire conditions arise up
to 420 °C, and at experiment’s time up to 395 °C (Fig. 2, a, b, ¢). In result of
simulation (Fig. 2, a) temperature meanings were given at points coinciding
with the points at which the temperature was measured at experiment time.

All these temperature values largely exceed fire safety requirements.

At research of multilayer structure fire temperature isolation possibilities,
when such structure has a temperature field activating connection mechanisms
and in centre part, at the central steel plate, 10 mm gypsum layer from both its
sides, while other cavities of steel structure are filled with stone wool of
140 kg/m® density, the defined effectiveness of its fire temperature isolation
shows, that in a structure, in which the gypsum layer was inserted at fire side
straight after the steel plate, the temperature of all middle points (14, 15, 16, 17,
18) after 15 min have reached 95 °C (Fig. 3. a) and begun to fall abruptly up to
temperature of 55 °C (Fig. 3, a). At time of the experiment temperature changes
were analogous (Fig. 3, b). This structure because of composition layers has
cooled itself about 20 min. Later the temperature gradually picked up with
speed approximately 1.5 °C per minute.
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Fig. 2. Graphics of temperature change received by simulation (a, b)
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Fig. 3. Simuliation (a) and experimental results (b) at insulation by gypsum
layer material

Such cooling was observed through all structure at places where the con-
tact was with gypsum. Temperature means and temperature displacements were
researched by numerical methods and compared with experimentally received
results. It was defined that when the gypsum layer is in centre of a structure, the
temperature changes from 60 to 135 °C, while temperature displacements at the
centre of structure varies from 1.1 mm up to 5.4 mm (Fig. 4, a, b).
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Fig. 4. Change of door temperature (a) and temperature displacements (b)
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Such location of isolation layers in a structure enables to reach minimal
temperatures and temperature displacements in a centre zone.

3. Experimental research of thermomechanical of multilayer structures

Temperature change and temperature displacements of new type multilayer
structures were experimentally researched. Research methodic was created.
Fig. 5 shows research scheme of temperature spread, temperature deformation
and temperature displacements of layered structures at fire conditions.

Characters of temperature spread (Fig. 6, a, b) and deformation change
(Fig. 7, a, b) of the multi-layered structures were received and compared with
results received at simulation. It was defined that at use the gypsum and special
fixing elements structures meet the highest requirements of fire safety.

Thermomechanical resistance to high temperature and isolation effective-
ness of multilayer structures were researched.

At research time temperature of door middle points 1-5 and 14-18 in an
hour picked up to 95 °C. It shows that door structure is formed of well tempera-
ture isolating materials. Resting on temperature curves (Fig. 6, a, b) it is possi-
ble to do assumption that such three layers structure would heat up to 180 °C
not earlier that after two hours.

In a structure in which gypsum layer was installed at fire side, the temper-
ature of all middle points 14-18 after 15 min have reached 95 °C and begun to
fall sharply up to 55 °C (Fig. 6, b). This structure for layer composition cooled
itself for 20 min. Speed of cooling reached approximately 2 °C per min. Later
the temperature gradually picked up with approximate speed of 1.5 °C per min.

Brick wall

13



©)

Fig. 5. Scheme of investigated multilayer structure (a) and photography of the wall with
specimens fastened to the furnace (b) and fire tests (c): 1-26 — temperature measuring
points; D1-D11-thermal displacement measuring points
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Fig. 6. Temperatures measured (Fig. 3.1, b) at the points 1-5 (a)
and at the points 14-18 (b) as function of time

Thermal displacement at the centre point of the structure shown on the

right side of Fig. 5, b, were insufficient for the practical applications. Maximum
value of 4 mm was reached at the end of the test (Fig. 7, blue curve). In case
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shown on the left side of Fig. 5, b, displacement reached 12-13 mm at the end
of the test (Fig. 7, red curve).
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Fig. 7. Displacements measured at the centre point of the structure (D6) as function of
time: 1 — case shown on the right side of Fig. 5b;
2 — case shown on the left side of Fig. 5b

Displacements of isolation cooling points in structure itself have large in-
fluence on temperature spread as function of time. Tests showed that at cooling
layer being nearer to a heating source cooling goes more quickly, but smaller
time interval then of specimen, which layers are placed at the centre of struc-
ture (Fig. 8).
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Fig. 8. Experimentally received temperature spread graphics of two multilayer structures
with gypsum layer placed at the centre of structure

Temperature values of specimens after 1 h and 15 min have reached 89 °C
(Fig. 8), displacement values were from 1.1 to 5.4 mm. On the ground of re-
search results methodic of fire specimens, using temperature values of natural
fire, was proposed. Received comparative graphics according new and old me-
thodic are shown on Fig. 9.
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Fig. 9. Temperature displacement of the structure at standard EN 1634-1:2008 fire tests
and at natural fire test

Presented graphics of temperature displacement (Fig. 9) else more prove
that the same product at the case of a real fire will not correspond to fire
properties received at its test by requirements of the standard EU 1634-1:2008,
while the proposed methodic evaluates action of real temperature.

General conclusions

1. Analysis of science sources shows that layered structures isolate the
high (fire) temperature in dependence on type of structure, placement
of isolation materials in it, burning temperature. Results presented in
literature are not satisfactory from the point of view of aesthetics,
strength and new requirements of fire safety.

2. At evaluation of complex conditions of fire tests and variety of struc-
tures the method of layered structures simulation and test, and algo-
rithm of parameters control was proposed. It unites control of fire tem-
perature, correction of structure parameters and modulus of a measur-
ing system. By use of inter-adjustment corrections of these modulus,
the research methodic must enable to analyze the character tempera-
tures and temperature deformations.

3. It was stated that rigid or hinge connections limit deformations be-
tween separate segments of layered structure, while influence of tem-
perature on a structure decrease suitable material, e.g. gypsum layer,
having good cooling properties. It was noticed that when the oven was
heated up to 800 °C, gypsum has decreased heat temperature of door
central part even to 40 °C.

4. Methodic of new layered structures experimental investigation and
definition of temperature characteristics was proposed and approved,
evaluating temperature change at fire case. Limitary (up to 5 mm) dis-
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placements and values (60-135 °C) of external layer temperatures,
meeting fire safety requirements, were defined, what coincides with
requirements of fire safety.

5. Layered structures of new generation, promoted by design specifics of
isolation layers and metallic parts, were created. The metallic struc-
ture, resistant to high temperatures, must be designed so, that compo-
nent external structural layers, expanding by high temperature action,
would buckle, in such a way decreasing common expanding force,
which would be able to deform all structure. At such constitution the
other layers of a metallic structure keep necessary form for the all mul-
tilayer structure. Regularities of isolation layer disruption in depend-
ence of their location in a structure are defined. Layers located at cen-
tral part of a structure does not disrupt up to 70% of area, if to compare
with location along the all perimeter. Gypsum layer convection heat
transfer coefficient is corrected in dependence on its location in a
structure.

6. It was investigated that large temperature displacements (76.4—
80.5 mm), being formed in the area of internal elements of a metallic
structure, are less dangerous for fire penetration if to compare with
displacements (17-23.34 mm) formed in all object.

7. 1t was defined that measurement uncertainty of experimental tempera-
ture displacements vary from 2.7 to 9.1 percent.
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SLUOKSNIUOTUJU KONSTRUKCIJU TYRIMAS
GAISRO SALYGOMIS

Problemos formulavimas. Siuolaikiniai statiniai ir stambiagabari¢iai gaminiai
del gamybos patogumo vis dazniau gaminami i§ surenkamyjy segmentiniy
sluoksniuotyjy konstrukcijy. Tokios konstrukcijos placiai naudojamos
gyvenamiesiems ir pramoniniams pastatams, Siluminéms ir atominéms
elektrinéms, kosminéms stotims, léktuvams ir laivams statyti. Tai gali biiti
stacionarios pertvaros, mobilios konstrukcijos arba durys, apsaugancios
patalpas ir zmones kilus gaisrui.

Gaisro temperatirai atsparios durys — vienas pagrindiniy elementy,
naudojamy projektuojant pastaty gaisring sauga. Jos turi atlikti dvi funkcijas tuo
pat metu: uztikrinti tinkamumg naudoti normaliomis sglygomis, saugumg ir
apsauga gaisro saglygomis. Todél dury struktiira yra sudétinga — jos sudarytos i$
jvairiy medziagy ir rémo. Kiekviena naudojama dalis turi atlikti tam tikra
terminj ir mechaninj stabiluma, atitinkantj integralumo kriterijy E ir izoliavimo
kriterijy I, kad buty uZtikrintas minétas funkcionalumas (EN 1363-1 ir EN
1634-1, 2000). Europos rinkoje plieniniy rémy jvairové yra didelé, jie gali buti
derinami su gausybe dury. Paprastai rémy ir dury gamintojai néra tie patys, tad
kyla reikalavimas diferencijuoti dury ir rémy charakteristikas. D¢l skirtingy
bandymo salygy, t.y. kokios sienos yra— masyvios ar lengvos, dél jy
konfigtracijos, t. y. durys atidaromos j patalpos, kurioje kilo gaisras, vidy arba j
iSore, su Siais gaminiais biitina atlikti labai daug brangiy privalomy gaisriniy
bandymy. Nors §is bandymy skaicius gali buti i§ dalies sumazintas skaitinés
analizés priemonémis, taciau dury plysiy jtakos diimy ir ugnies prasiskverbimui
skaitinio tyrimo, pagristo skaitinémis skysciy dinamikos modeliavimo
priemonémis bendrai surinkus duris ir réma, gali nepakakti. Daugelis autoriy
analizavo duris kaip iStisa konstrukcija, eksperimentiskai ir skaitiskai
nenagrinédami laikino temperatiiry ir deformacijy kitimo plieno réme detaliy.
Jie sieké atskleisti pagrindinius veiksnius, darancius poveikj rémo izoliacijos |
kriterijui. Tokie tyrimai gali padéti klasifikuoti vienodas rémy struktiiras j
kategorijas ir sumazinti gaisriniy bandymy skai¢iy. Taiau naujy estetikos,
stiprumo ir prieSgaisrinés saugos reikalavimy Siuolaikiniai tyrimai neatspindi.
Tyrimais nustatytas esminis dabartiniy prieSgaisriniy dury konstrukeijy
trikumas tas, kad durys, veikiamos aukstos temperatiiros, deformuojasi. Taip
yra todél, kad kaitinamos konstrukcijos pusés metalo lakstas issiplecia, taciau
prieSinga konstrukcijos pusé, kurios neveikia temperatlira, savo matmeny
nekeic¢ia. Dél to konstrukcija iSsiriecia ir suformuoja tarpa per varcios vidurj
(jei patalpos, kurioje kilo gaisras, durys atsidaro j vidy) arba varcios virSuje ir
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apacioje (jei durys atsidaro j iSorg). Konstrukcija praranda savo hermetiSkuma
ir sudaro salygas orui pritekeéti j gaisro apimta patalpa bei kars¢iui, dimams ir
gaisrui plisti j gretimas patalpas.

Darbe siekiama nustatyti sluoksniuotyjy konstrukeijy gebéjima izoliuoti
patalpas ir jose esancius Zmones nuo gaisro metu pakilusios temperatiiros, taip
pat jos turi tenkinti estetinius ir stiprumo reikalavimus.

Darbo aktualumas. Dél padidéjusios konkurencijos prekybos srityje vis
labiau didinami reikalavimai gaminiy ir statiniy iSvaizdai, stiprumo ir
prieSgaisrinéms savybéms. EstetiSkai grazios sudedamosios gaminio detalés
dazniausiai biina pagamintos i§ medziagos, kurios fizikinés savybés yra prastos,
todél viso gaminio medziagy parinkimas ir jy dydis turi bti taip suderintas su
bendra gaminio konstrukcija, kad nepablogéty esamo statinio ar gaminio
stiprumas bei prieSgaisrinés savybés, nurodomos produkto specifikacijose.
Tinkamai suderinti visas Sias savybes galima tik atlikus teorinius ir
eksperimentinius mokslinius tyrimus, kuriais remiantis biity galima gaminti
konkurencingg pasaulinéje rinkoje gaminj.

Tai uztikrinty gaisriniy temperatiiry izoliavimo kokybeg, leisty
konstrukcijas naudoti ten, kur reikia uztikrinti gera esteting iSvaizda, reikiamag
stiprumg ir auksSta gaisring saugg gyvenamosiose patalpose, biuruose,
atominése elektrinése, povandeniniuose laivuose, kosminése stotyse,
sléptuvése, energetiniuose ir kariniuose objektuose.

Darbo tyrimy objektas — sluoksniuotosios konstrukcijos gaisro salygomis.

Darbo tikslas — istirti sluoksniuotyjy konstrukcijy deformavimosi
désningumus gaisro salygomis ir suformuluoti tokiy konstrukcijy tyrimo
metodika.

Darbo uidaviniai. Darbo tikslui pasiekti reikia spresti §iuos uzdavinius:

1. I8analizuoti moksling literatiirg apie sluoksniuotyjy konstrukcijy tipus,
ju temperatiiriniy deformacijy tyrimus.

2. Skaitinio modeliavimo  metodais ir  eksperimentais  iStirti
sluoksniuotyjy konstrukcijy deformavimosi procesa gaisro salygomis
ir nustatyti temperatiiriniy poslinkiy ribinius buvius, kai konstrukcijos
sandara skirtinga.

3. Nustatyti sluoksniuotyjy konstrukcijy izoliaciniy medZziagy irimo
sluoksniuose désningumus ir Siluminio laidumo rodiklius.

4. Lyginamaisiais eksperimentiniais bandymais gaisro salygomis,
nustatyti sluoksniuotyjy konstrukcijy deformavimosi procesus ir
désningumus.
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5. Pasidlyti sluoksniuotyjy  konstrukcijy  eksperimentiniy  tyrimy
algoritma ir metodika, pagrjsta realaus gaisro temperattiry poky¢iais.

Tyrimy metodika. Darbas parengtas atliekant teorinius ir eksperimentinius
tyrimus, taikant skaitinés analizés principus, atliekant lyginamuosius naujo tipo
sluoksniuotyjy konstrukcijy bandymus gaisro salygomis ir temperattriniy
poslinkiy jvertinimus, taikant matemating statisting analiz¢ gauty rezultaty
patikimumui jvertinti.

Mokslinis naujumas

Rengiant disertacija buvo gauti $ie mechanikos inzinerijos mokslui nauji
rezultatai:

1. Skaitiskai sumodeliuotas ir eksperimentais iStirtas rySys tarp medziagy
iSdéstymo sluoksniuose, sluoksniuotyjy konstrukcijy temperattiry kitimo ir
temperatiiriniy poslinkiy bei deformacijy désningumo gaisro salygomis.
Ivertinta $io rySio jtaka auksty temperatiiry izoliavimo efektyvumui.

2. Pasitilyta ir programiskai bei eksperimentais realizuota originali
technologija, leidZianti sujungti konstrukcijos ir izoliaciniy sluoksniy
formavimo procesus. Pasitilyti algoritmai ir gaisriniy bandymy metodai leidZia
projektuoti ir tobulinti Sias konstrukcijas, izoliaciniy sluoksniy i§déstyma jose ir
nustatyti jy irimo désningumus.

3. Pasitlyta metodika realiy temperatiiry pokyciams jvertinti atliekant
sluoksniuotyjy konstrukeijy priesgaisrinius bandymus.

Praktiné verté. Sukurtos naujo tipo sluoksniuotosios konstrukcijos
gaisrinéms temperatiiroms izoliuoti, atsizvelgiant j naujus estetikos ir stiprumo
reikalavimus, Europos Sgjungoje yra konkurencingas produktas, o gaisriné
sauga tampa patikimesné, palyginti su kitais $iuo metu taikomais patalpy
izoliavimo nuo gaisriniy temperatiiry budais.

Ginamiegji teiginiai

1.  Pasitlytas sluoksniuotyjy konstrukeijy formavimo metodas, pagristas
bandymais gaisro s3glygomis ir izoliaciniy medziagy iSdéstymo bei
irimo specifika, padidina auksty temperattry izoliavimo efektyvuma.

2. Pasiilytoji gaisriniy bandymy metodika leidzia jvertinti realiy
temperatiry poveikj konstrukcijai kilus gaisrui.

3. Sukurtos sluoksniuotosios  konstrukcijos, veikiamos gaisro
temperatiros, i$laiko termomechaninj atsparumg Vvienos valandos
laikotarpyje.
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Darbo apimtis. Disertacija sudaro jvadas, trys skyriai, rezultaty
apibendrinimas, naudotos literatiiros ir autoriaus publikacijy disertacijos tema
saraSai, du priedai.

Ivadiniame skyriuje aptariama tiriamoji problema, darbo aktualumas,
apraSomas tyrimy objektas, formuluojamas darbo tikslas ir uzdaviniai,
aprasoma tyrimy metodika, darbo mokslinis naujumas, praktiné darbo rezultaty
reik§mé, ginamieji teiginiai. [vado pabaigoje pristatomos autoriaus paskelbtos
publikacijos ir praneSimai konferencijose disertacijos tema ir disertacijos
struktiira. Pirmajame skyriuje analizuojami sluoksniuotyjy konstrukcijy tipai, jy
pranasumai ir trilkumai izoliuojant gaisrines temperattiras. Antrajame skyriuje
pateikta naujo tipo sluoksniuotyjy konstrukcijy analizé ir skaitiniai tyrimai.
TreCiajame skyriuje pateikti sluoksniuotyjy konstrukcijy temperatiiriniy
poslinkiy ir deformacijy eksperimentiniai tyrimai.

Bendrosios iSvados

1. Mokslinés literatiiros S$altiniy analizé rodo, kad sluoksniuotosios
konstrukcijos auksta (gaisro) temperatiirg izoliuoja priklausomai nuo
konstrukcijos tipo, izoliaciniy medziagy iSdéstymo sluoksniuose,
degimo temperatiiros. Literatiiroje pateikti rezultatai nepakankami
estetikos, stiprumo ir naujy prieSgaisrinés saugos reikalavimy pozitiriu.

2. Ivertinus sudétingas gaisriniy bandymy salygas ir konstrukeijy
ivairove buvo pasiilytas sluoksniuotyjy konstrukeijy modeliavimo ir
bandymo metodas bei parametry valdymo algoritmas. Jis apima gaisro
temperattiros valdyma, konstrukcijos Siluminiy parametry patikslinimg
ir matavimo sistemos modulj. Taikant $iy moduliy tarpusavio derinimo
ryS§ius, tyrimo metodika padeda analizuoti charakteringas temperatiras
ir temperatiirines deformacijas.

3. Nustatyta, kad deformacijas tarp atskiry sluoksniuotosios
konstrukcijos segmenty riboja standzios arba lankstinés jungtys, o
temperatiiros jtakg konstrukcijai sumazina tinkamos medziagos,
pavyzdziui, gipso sluoksnis, turintis gery auSinimo savybiy. Kai
krosnis jkaista iki 800 °C, gipsas sumazina dury centrinés dalies
jkaitimo temperattirg net 40 °C.

4. Pasitlyta ir aprobuota naujy sluoksniuotyjy  konstrukcijy
eksperimentinio tyrimo ir temperatlriniy charakteristiky nustatymo
metodika, jvertinanti realius temperattros, kilus gaisrui, pokycius.
Nustatyti konstrukcijos ribiniai poslinkiai (iki 5 mm) ir konstrukcijos
iSorinio sluoksnio temperatiiry 60-135 °C reik§més, tenkina gaisrinés
saugos reikalavimus.
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5. Naujos kartos sluoksniuotosios konstrukcijos sukurtos atsizvelgiant j
izoliaciniy ir metaliniy sluoksniy projektavimo specifika. Metaliné
konstrukcija, atspari aukStoms temperatiroms, turi biiti projektuojama
taip, kad sudedamieji iSoriniai konstrukciniai sluoksniai, besipleciantys
del aukstos temperattros poveikio, suklupty, tuo sumazindami bendra
plétimosi jéga, kuri galéty deformuoti visg konstrukcijg. Esant tokiai
konstrukcijai, likusieji metalinés konstrukcijos sluoksniai iSlaiko
reikiama visos daugiasluoksnés konstrukcijos forma. Nustatyti
izoliacinio  sluoksnio irimo dél jy iSdéstymo sluoksniuose
désningumai. ISdéstyti centrinéje konstrukcijos dalyje jie nesuyra iki
70 proc. ploto, lyginant su idéstymu visu perimetru. Patikslintas gipso
sluoksnio konvekcinis Silumos atidavimo koeficientas, atsizvelgiant j
jo i8déstyma konstrukcijoje.

6. Istirta, kad dideli 76,4-80,5 mm temperatriniai poslinkiai, susidare
metalinés konstrukcijos vidiniy elementy srityje, yra maziau pavojingi
prasiskverbti gaisro ugniai, lyginant su 17,00-21,34 mm poslinkiais,
susidariusiais visame objekte.

7. Nustatyta, kad eksperimentiniy temperattriniy poslinkiy matavimo
neapibréztys svyruoja nuo 2,7 iki 9,1 procento.
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