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Introduction

Topicality of the problem. Nowadays timber is often used for various
structures such as roof load bearing ones, walls, beams, columns etc. In case of
fire, charring of timber elements (parts of the structures) is the most visible
feature in such buildings. It is very important for designers, builders, firemen and
fire investigators to relate this process with particular effects of a fire, e.g. the
duration or temperature of the fire, in order to assess influence of high
temperature on the strength of different kinds of timber. During the fire, timber
undergoes many physical-chemical processes which have a huge influence on the
fire-resistance of the whole structure. In order to carry out these researches and
analyse the results one needs the knowledge of different disciplines. Many
respectable specialists think that too little attention is paid to the rate of charring
and its evaluation particularly when the effect of heat does not correspond to the
standard fire curve. Formerly and presently used versions of standard documents
(prEN 1995-1-2:2000; LST EN 1995-1-2:2005) present generalized timber
charring rates, discuss their effect on the mechanical resistance of timber
elements in case of a standard fire. The theoretical and computer-based methods
for calculation of fire-resistance are also presented in these documents, however,
temperature effect on elements of small cross-section when the heat effect
irregularly spreads over the outline of the cross-section and when it does not
correspond to the standard fire curve is not considered. Total decrease of timber
elements’ cross-section due to the charring and wastage and the decrease in
timber strength when the temperature is rising are also not taken into account.

The behaviour of a structure in fire is most accurately defined by the
distribution of temperature in the cross-section. During a fire, building structural
materials heat up and most of them change their thermal properties due to the
rise of temperature. This change in thermal properties have already been partly
investigated, however, the differences in timber properties depend not only on
their kind but on the climatic conditions of the tree growth as well. Therefore it
is important to know not only the generalized timber characteristics given in
standard documents but also the properties under normal conditions of the wood
which grew up in Lithuania and its changes because of fire.

Identification of the factors having effect on the distribution of temperature
in timber structures and their elements during the fire is essential for getting a
reliable final result of load bearing capacity of timber elements.

Subject of research. The object of the research is the identification of
changes in the properties of broadleaf and conifer wood growing in Lithuania
affected by rising temperature, experimental analysis of the behaviour of slender
timber elements under axial compression affected by the heat and the
comparison of these results with the calculated results of timber elements
behaviour affected by the heat.



Aim and tasks of the research. The aim of the present work is to define the
thermal relationships within the changes of timber properties and the effect of
fire temperature on the load bearing capacity of slender timber elements under
axial compression. On the ground of obtained results, to verify whether the
calculated values of fire-resistance of timber elements under compression, in
case when they are exposed to fire not due to the standard its curve, but due to
the other relationships between heat changes and its duration, conform with
design assumptions. The aim is also to find down the methods in applying which
one could evaluate not only an actual effect of heat on the structure but also
consider temperature distribution in element’s cross-section as well. To achieve
this goal, the following tasks were performed:

1.

Undertake literature review. Survey the following issues: the resistance
of load bearing structures related with the classifications of their fire-
resistance, the peculiarities of behaviour of timber exposed to higher
temperatures and the analysis of load bearing capacity of timber
structures in case of fire.

Obtain the experimental data concerning high temperature effect on the
properties of natural wood — pine and oak — growing in Lithuania were.
Make the comparison of relationships between the temperature and
timber properties and analyse their similarities and differences on the
ground of the results of this foreseen research, the findings of foreign
researchers and the material given in databases and reference books.
Formulate the methods of the experiment were and, after constructing
peculiar furnace with the bending, tension and compression equipment,
carry out the investigation on decrease of timber strength affected by
the heat with the evaluation of the density, humidity and heat flow
density of the wood.

Formulate the methods of the experiment and construct the furnace and
loading equipment in order to carry out a research on the behaviour of
slender timber elements under axial compression exposed to fire.

Obtain the experimental results and compare its with the calculated
results of fire resistance of timber elements.

According to the more realistic heat effect under research fine down the
design methodology of compressed timber elements given in LST EN
1995 1-2 in order to evaluate fire resistance of slender timber elements
under compression more accurately.

Methodology of research. On the ground of standards being in force in
Europe and developed substandard testing methods the investigation of changes
in timber properties and the behaviuor of slender timber elements under axial
compression exposed to fire was performed. The methodology of estimation of



load bearing capacity of the slender timber elements under axial compression
was specified applying standard methods of timber constructions design and
mathematical analysis.

Scientific novelty

1. Up-to-date data of the change in properties of timber made from pine
and oak trees growing in Lithuania because of the effect of high
temperature were obtained additionally. Having these data, one may
compare similarities and differences between the properties of timber
from trees growing in various areas of the world and Lithuania in terms
of high temperature effect on them.

2. The peculiar methods of the experiment were prepared, the equipment
for investigation of the change of timber properties affected by high
temperature and for a more realistic study of slender timber elements
under axial compression exposed to fire was constructed.

3. The peculiarities of the behaviour of slender timber elements under
axial compression exposed to fire and their influence on the design
principles were specified.

4. Suggestions for the analysis of the behaviour of timber elements in fire
were provided in applying advanced methods according to the
provisions of EC5 1-2.

Practical value. The novel result for the science of civil engineering was
received during the preparation of the dissertation: new relationships between
temperature and decreasing strength of timber from pine and oak trees growing
in Lithuania which were compared with relationships given in EC5 1-2. The
recommendations how to estimate quite precisely the reserve of load bearing
capacity of fire-affected slender timber elements according to the dimensions of
residual cross-section, what is very important for starting the strengthening or
cleaning of fire-affected timberstructures, are given.

Defended propositions

1. Suggested relationships between the higher temperature and strength
changes of conifer and broadleaf timber together with methodology of
their estimation.

2. The methodology of the investigation of behaviour of timber elements
under axial compression exposed to fire.

3. The results of the analysis of calculated and experiment-based values of
the behaviour of exposed to fire the timber elements under axial
compression.

The scope of the scientific work. The scientific work consists of the general
characteristic of the dissertation, 5 main chapters, conclusions, list of references,
and list of author’s publications. The total scope of the dissertation: 132 pages
without annexes, 39 numbered formulas, 62 pictures and 10 tables.
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1. Properties of timber and its behaviour in fire situation

This chapter is an overview of timber burning process, the change of timber
properties at high temperatures. During a fire timber elements, distinctly from
others, undergo double effect: the first one, which is typical only for timber
elements, is charring and the other one — decreasing the strength of the material
due to the temperature. The latter is also common for other building materials;
however the extent to which timber elements are affected by temperature is not
only related with the intensity of temperature and the duration of its exposition
but it is also highly connected to the dimensions of timber element’s cross-
section. The bigger cross-section of a timber element, the smaller is an effect of
temperature on timber in deeper layers.

An influential factor for the behaviour of timber elements in fire is the
application of fire protection products. Considering the materials and means for
fire protection, one may increase the fire-resistance of timber members; however
it is impossible to protect timber structures 100% by impregnating or lubricating
with fire protection substances. The majority of impregnating substances have an
impact on the strength of timber.

As the reference review revealed, there have been practically any
investigations done on the change of timber from the decidouos and coniferous
trees growing in Lithuania strength properties at elevated temperatures. The fire
effect on compressed elements of a small cross-section has also been a very little
analysed.

2. Research method of timber strength at elevated temperatures

The aim of the research is to define the effect of elevated temperatures on
the change of bending, tension and compression strength for pine and oak timber
used underconstruction.

To achieve this goal, three different furnaces were constructed. One of them
was used for the testing of timber under statical bending, the second was used for
the testing of timber under compression along and across its fibres and the third
was used for the testing of timber under tension along its fibres.

Hulls of the furnaces were made of 50 mm and 42 mm diameter metal
tubes; for heating the specimens the device GHG 650 LCE with the ability to
control the temperature was applied. The equipment for a statical testing with
furnaces was designed and installed in the standard universal testing installation
(testing machine) FPZ100 which allows tension and compression of the
specimens. Devices for load and temperature measuring were connected to the
portable computer recording system.

The temperature 20°C was chosen as a basic one for the experiments; it is
often called as room temperature or as normal temperature. The highest



temperature chosen was 230°C which is very close to the average temperature of
charring.

The essential temperature for the research is 100°C because evaporation of
the water in timber starts at this point. Rapid release of volatile substances in
timber starts at 200°C, due to this fact this temperature was also chosen for the
research. The temperatures of 50°C and 150°C were chosen as intermediate
stages to highlight the tendencies of change in timber strength.

The statical experiments of the changes in timber strength were carried out
at temperatures 20°C, 50°C, 100°C, 150°C, 200°C and 230°C.

To measure the changes in strength the specimens from timber without any
defects or imperfections such as split were prepared. The specimens were taken
from seasonal pine and oak tree sapwoods within the period of 4 years. The
specimens are shown in Fig. 1.

a)
& 40
)
e
HEE
L
100 ~30 90 10
i ——— 514
- .- - — 1=
350

b)
oy
L=
=)
Lt
£

30021 b | 20z
c)
Direction perpendicular
to the grain
o
Direction perpendicular é

to the grain
B

kb | 2020.2 30£1

Fig. 1. Dimensions of specimens designed for the research of strength properties
a) Specimen subjected to tension; b) Specimen subjected to bending;
¢) Specimen subjected to compression

The equipment for static experiments was constructed in such a way which
allowed measuring the temperature of the specimen during the period of loading
and heating by two thermo-couples adjusted outside the cross-section of the
specimen.



3. Research method of slender timber elements under axial compression
exposed to fire

The research programme on the behaviour of slender timber elements under
axial compression exposed to fire was prepared according to the established
testing principles and corresponding provisions of standards (LST EN 1363-
1:2000; LST L ENV 1363-3:2000) for the furnace, loading equipment, thermo-
couples, the devices for measuring load and displacements and also regulating
character of temperature increasing considering desirable fire effect.

A special heating chamber was constructed for the research of the
behaviour of compression timber elements exposed to fire (Fig. 2.). The heat in
the chamber is produced by a gas fuse; a special force frame allows fastening
specimen pin-ended at all possible directions and loading it with load of suitable
value and, if needed, to maintain the value of the applied load.

Fig. 2. The furnace for research of the behaviour of timber elements under axial
compression exposed to fire
a) Schematic representation of the furnace; b) Common view of the furnace

The hull of the furnace is an open-ended steel tube the outside diameter of
which is 159 mm and the length is 0.9 m. It is isolated with 150 mm layer of
stone wool which withstands the heat of 1100°C.

The three holes in the lower part of the hull are used for an equal
distribution of flame and heat in the furnace. Force frame used for a loading of
specimen is attached along the axis of the chamber. The outside temperature of
the surface of the specimen was measured by means of thermo-couples attached
to the top and the bottom of it.

Having assembled the specimen in the force frame, it was loaded by (6 kN
and 7.5 kN) axial load. Remissive coefficients of load during the fire are 0.4 and
0.5.
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The experiment was started by inflaming the gas fuse with maximum
ratings. The temperature of the chamber on the side of the flame (the lower plane
of the specimen) and over the specimen (the upper plane of the specimen) was
measured by thermo-couples attached to recording device ‘ALMEMO’ every 10
seconds. The amount of the load was monitored constantly and, if needed, it was
sustained. The temperature and the indication of displacement sensors were
recorded at the same rate. All the specimens were tested till failure — buckling.

4. Analysis of the fire temperature effect on the strength of timber

This chapter gives the evaluation of experimentically determined tension,
bending, and compression across and along the fibre timber strength results
using statistical methods.

Results of distinct timber strength investigations and strength decrease
tendencies are graphically presented in Fig. 3. and Fig. 4.

2039 O Pine|
@ Oak|

Compresive strength along the grain
Compresive strength perpendicular
to the grain, MPa

20 50 100 150 200 230 20 50 100 150 200 230

Temperature, °C Temperature, °C

Fig. 3. Values of compression strength of timber along the grain and perpendicular to the
grain at differing temperatures

The obtained results are compared with the data given in the works of
Benichou and Mohamed (2000), Konig ir Walleij (2000) along with the values
given in ECS part 1-2. Comparisson of the values of compression strength of
timber determined by research with the experimental data of other authors and
regulating values of standards are presented in Fig. 5. The obtained results in
Fig. 5. are called “Pine compressed along the fibre* and “Pine compressed across
the fibre®.
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Fig. 4. Values of tensile and flexural strength of timber at different temperatures
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Fig. 5. Comparison of obtained results with the data provided by other authors

As it is visible from the picture, the obtained values of the strength of
timber compressed along the fibre are slightly more considerable in comparison
with ones of other authors; however, the difference is not great. If compared with
the values given in EC5 1-2 (presented by blank line in Fig. 5.), the obtained
values of all the authors differ significantly. It means that in using standard
document of structural timber fire design EC5 1-2 and evaluating the decrease of
strength because of rise in temperature, the fire-resistance of timber elements
should be smaller than in applying obtained experimental relations.

5. Analysis of slender timber elements under axial compression exposed to
fire

The average value of fire-resistance of the specimens loaded by 6 kN axial
compression is 14.6 min, i.e. the criterion of the end of the experiment was

reached after this time from the very beginning of it and the average value of
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fire-resistance of the specimens loaded by 7.5 kN axial compression is 13.9 min.
The average duration of fire-resistance of all the specimens is 14.3 min. The
results of fire-resistance are presented in Fig. 6.

Having performed the experiment of axially compressed timber elements it
was deduced that the mode of elements failure is buckling.

20

Time of fire resistance, min
S

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Specimens No.
mN=75kNON=6kN

Fig. 6. Time of fire resistance of the specimens

All the elements buckled in direction of higher temperature action. The
same mode of timber elements buckling is presented in the works of Young, S.
A. (2001); Clancy, P. (2002); Richardson, L. R. (2002). The results of these
authors are obtained in analyzing the behaviour of wall studs, protected by the
layer of plaster-cardboard, in timber framework houses when studs are heated
from the protected side.

Such phenomenon when the compressed timber elements buckle in the
direction of the heat action could be explained by uneven shrinkage (wastage) of
timber, the decrease in dimensions of cross-section and strength properties in a
heated side. Due to the given reasons, the element at some phase becomes
eccentrically compressed because of the displacement of cross-section axis.

The obtained inflection of axially loaded elements in fire conditions,
measured during the experiment, practically in all cases was larger than after the
experiment. The only exceptions were the specimens which not only buckled in
one plane but also warped due to the branches or roes of tree-rings. The results
of comparison of absolute values of inflections are presented in Fig. 7.

The measurements of thickness of carbon layer in mostly charred cross-
sections presented in Table 1 showed that the bottom surface of the element,
which was directly affected by flame is mostly charred.

In order to properly compare the exerimental and calculated, while applying
standard methodologies, results real values of specimens’ timber characterstics —
density, humidity, compression and bending strengths, elasticity modules were
estimated.
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Fig. 7. Comparison of deformations

Bending strength and elasticity module are very important characteristics in
analysis the elements which are under action of axial compression and bending
moment.

Table 1. Dimensions of the cross-section of specimens and data of the measuring of
charring depth

Dimensions of Dimensions of . .
L . Charring depth of cross- section
Specimens initial cross- res1dual. Cross- surface
No. : section . section . :

plotis. | aukstis. b,. h mm | Bottom | Top Side | Side

b mm h mm mm B P1 P2

1 49.4 47.5 42.3 33.85 5.9 0 0.9 1.6
2 48.4 49.35 42.1 32.5 9.7 1.1 3.9 1.9

4 50.1 48.2 44 32.6 7.4 0 1.6 0
5 50 455 38.65 27.35 7.2 1.9 3.1 4.1

8 48.4 49.7 38.95 28.9 13.2 0.9 3.7 3
9 47.5 49.9 34.45 29.25 6.4 4.7 4.7 4.2
10 47 46.7 41.05 | 35.975 5 0.3 3 1.2

11 494 48.2 37.6 30.45 7.2 1 2.2 3
14 49 49.8 42.2 37.7 6.7 0.3 3.3 0.6
15 49.7 50.2 43.25 38.65 3.3 0 0 1.7
16 49.8 47.8 46.25 40.35 8.5 0 0.7 1.1
17 49.7 46.8 42.85 30.55 9 0.8 1.9 2.7
18 46.4 49 37.85 28.05 1 0.6 44 2.1
19 49.8 49.2 36.25 31.15 7.2 1.6 44 3.8
20 49.2 48.8 38.7 30.25 8 0.7 1.6 3.5
21 49.8 48.9 38.6 28.95 10.9 1.3 2.4 4.5

22 48.8 50.3 359 28.1 11 1.1 3.5 3
23 46.4 494 37.25 35.1 6.4 0 34 1.2
24 494 49.1 36.2 28.1 12.6 0.7 3.3 4.1
Mean value: 7.7 0.9 2.7 2.5
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Analysis of timber element under action only of axial compression and
under action of axial compression and bending moment together was done
considering the residual dimensions of the specimen cross-section. The
calculation was done in order to determine whether the eccentricities caused by
uneven charring of cross-sections have an influence on timber elements’
behaviour in fire. Reduced due to the fire, a load bearing capacity of cross-
section was calculated according to EC5 1-1 6.3.2 provisions.

According to the provisions of EC5 1-2 3.4.2 the radii of residual cross-
section roundnesswere calculated necessary for analysis of the elements under
action of axial compression and bending moment based on the results of residual
cross-section and the depths of charring of the specimens’ planes. In order to
calculate the geometrical indexes (cross-sectional area, the section moment of
area, section modulus, eccentricities) of residual cross-section, the cross-section
was divided into 4 parts. The radii of angles® roundness were calculated after
having evaluated the mean values of horizontal plane and lying alongside
collateral plane charred layer thicknesses. In calculations the quantity k,d, was

not evaluated, however, the mean value of experimental inflection of the
elements was assessed. It is equal to 8 mm.

Fig. 8 shows the values of the load bearing capacity of the residual cross-
sections. It was calculated according to EC5 1-1 provisions and due to the before
mentioned assumptions. As it is visible from the Fig. 8, the calculated load
bearing capacity of specimens 1, 4, 10, 14, 15, 16 and 22 has not been out-going
yet even though the experimental capacity with such dimensions of residual
cross-sections has already been depleted. The average values of deplete
coefficients (load bearing capacity) are as follows:

—according to EN 1995-1-1 (6.23) expression — 1,19;

—according to EN 1995-1-1 (6.24) expression — 0,80.

In order to measure the distribution of temperature field in the cross-section
of compressed timber element, the widely applied finite elements programme
‘SolidWorks Simulation® was used. Fig. 9 represents the distribution of
temperature in the cross-section determined by 60 seconds intervals in fire
according to approximate fire effect curves obtained by the experiment.

The lower part (up to the horizontal main axis) of the specimen was
affected by temperature according to a curve of approximate temperature change
in lower part and the upper part (over the horizontal main axis) — according to a
curve of approximate temperature change in upper part. Design assumptions
were as follows:

—  cross-section 50 mmx50 mm,;
—  the average density of timber 580 kg/m’.
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Fig. 8. Design results of the load-carrying capacity of residual cross-sections of
timber elements according to EC5-1-2

This way, when only the distribution of temperature in the cross-section is
defined, but behaviour of whole element during fire is not analysed, was chosen
no perchance but because of complicated relationships between strength and
mechanical properties of timber which are very difficult to describe because of
the lack of information and also because of the limited potential in dealing with
such tasks by popular computer programmes such as ‘SolidWorks Simulation®.
There were no publications found where the stress distribution and behaviour of
loaded timber elements, even on natural conditions, would be analysed by
employing the programmes of finite elements.
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Fig. 9. Approximate relationships between fire exposed time and temperature

The distribution of temperature fields in the cross-section of timber element
after 14 min of fire action is shown in Fig. 10. According to the obtained
distribution of temperature in the cross-section, the limit of charring going
through 300 °C isobar was determined. The calculated average value of
thickness of charred layer in the lower plane, determined by the limit of charring,
is 4.5 mm, while the experimental result is — 7.7 mm. The values of thickness of
charred layer in the upper plane is respectivelly 1.9 mm and 0.9 mm.
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Determination the values of thickness of charred layer in collateral planes is
more difficult, however, from Fig. 10 (the middle of green area) is visible that
the average value of thickness of charred layer will be larger than 2.7 mm. This
difference the values of experimental and calculated thicknesses of charred layer
may have appeared because of approximation of time-temperature relationships
and conventionality of its exposure zones in defining the temperature fields.

Considering the indexes of temperature by isobar limited areas and the
average values of their temperature intervals, the weighted averages of values of
correction coefficients under action of heat for bending and compression
strengths and elasticity moduli for area limited by 300 °C isobar were
determined. The values of correction coefficients of compression and bending
strengths are taken according to the experimentally-defined relations, given in
chaper 4 and the value of correction coefficient of compressed timber elasticity
modulus is determined according to the appendix B in ECS5 1-2 because
experimental research of the latter was not performed.

Table 2. Calculation results of load bearing capacity

Axial compression
Expression according | Buckling force | Load bearing exlpoitation coeficient
to EC5 kN 6.0 kKN —7.5kN
(6.23) = buckling 425 1.412 - 1.765
about horizontal axis
(6.24) — buckling
about vertical axis

4.26 1.408 —1.761

The axial force and bending moment about horizontal axis
(6.23) | - | 1.446 — 1.810
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Fig. 10. Distribution of temperature fields after a 14 min. exposure to fire
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As it is seen from Table 2, after estimation the values of correction
coefficients of experimentally defined timber strength and the values of
correction coefficients of compressed timber elasticity modulus given in ECS 1-
2, having compared the experimental values, the obtained results of calculated
load bearing capacity are quite conservative. It happened after having evaluated
the coefficients of experimentally-measured timber strengths and in given.

General conclusions

The following results were obtained:

1.

Temperature relations of the changes of properties in timber from trees
growing in Lithuania were identified together with the investigation of
load bearing capacity of slender compressed timber elements exposed to
fire. The complience of experimental results with the analytical
assuimptions was verified. The methodology of estimation the
behaviour of compressed timber elements exposed to fire was revised
considering temperature distribution in the cross-section when the
elements are not affected by standard fire curve rather influenced by
different temporal temperature relations.

Having compared the obtained coefficients of timber strength decrease
with the findings of other authors it is possible to claim that their
scattering is not large, the results are similar, however, having compared
the obtained results with EC5 1-2 it is clear that the values of
coefficients in standard document are more conservative.

It was defined that the characteristic failure of axially compressed
slender timber elements which are unevenly heated from all sides is
buckling in the direction of the heat action.

Having compared calculated and obtained results it is possible to claim
that the provisions of EC5 1-2 could be applied both for the elements
affected by standard fire and those affected by different time-
temperature relations.

In applying the expressions of EC5 1-1 used for calculation the
elements in bending and axial compression according to the dimensions
of residual cross-section of timber element it is possible to define the
reserve of load bearing capacity quite precisely. It is very important to
learn this before implementing cleaning and rebuilding works of the
buildings affected by fire.

In calculating the elements of small cross-section dimensions, which do
not have any references given in EC5 1-2, it is expedient to determine
the temperature distribution in cross-section by applying the provisions
of ECS 1-2 appendix B and according to weighted timber properties’
change in fire to determine the load bearing capacity. In applying this
method the elements could be counted as axially compressed.
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AUKSTOS TEMPERATUROS POVEIKIS
MEDINIY KONSTRUKCIJUJ LAIKOMAJAI GALIAI

Problemos formulavimas. Pastaraisiais metais jvairioms konstrukcijoms
(stogy laikanciosioms konstrukcijoms, sienoms, sijoms, kolonoms ir kt.) gana
daznai naudojama mediena. Kilus gaisrui tokiuose pastatuose labiausiai yra
pastebimas mediniy detaliy  (konstrukcijos elementy) apangléjimas.
Projektuotojams, statybininkams, ugniagesiams ir gaisry tyréjams ypaé aktualu
susieti §j procesa su tam tikrais svarbiais gaisro poveikiais, pvz. gaisro trukme ar
temperattira, kad biity galima nustatyti aukStos temperatiiros poveikj skirtingy
medienos riiSiy stipriui. Gaisro metu medienoje vyksta daug fizikiniy-cheminiy
procesy, kurie daro didelj poveikj visos konstrukcijos atsparumui ugniai. Siems
tyrimams atlikti ir rezultatams analizuoti reikalingos skirtingy mokslo Saky
zinios. Daugelis specialisty mano, jog per mazai démesio skiriama apangléjimo
greiCiui ir jo jvertinimui ypac jei kaitros poveikis neatitinka standartinio gaisro
poveikio kreivés. Ankstesnése ir dabar naudojamose norminiy dokumenty
versijose  (prEN 1995-1-2:2000; LST EN 1995-1-2:2005) pateikiami
apibendrintieji medienos apangléjimo greiciai, aptariamas jy poveikis mediniy
elementy mechaniniam atsparumui bitent veikiant standartiniam gaisrui,
nurodomi teoriniai ir kompiuteriniai atsparumo ugniai skai¢iavimo biidai, taciau
pateikiamuose metoduose neatsizvelgiama | temperatiiros poveiki mazo
skerspjiivio elementams, kai kaitros poveikis nevienodai pasiskirstes skerspjiivio
apybréza bei neatitinka standartinio gaisro poveikio kreivés, nevertinamas
bendrasis mediniy elementy skerspjiivio mazéjimas dél angléjimo ir nuodzitvio,
o taip pat ir medienos stiprio sumazéjimas kylant skerspjiivio temperatiirai.

Konstrukcijos elgsena gaisro metu tiksliausiai apibiidina temperatiiros
pasiskirstymas jos skerspjuvyje. Gaisro metu kylant temperatiirai statybinés
konstrukcinés medziagos jkaista, daugelis jy keicia savo Silumines savybes.
Savybiy pokytis dél temperatiiros poveikio yra i§ dalies iStirtas, tac¢iau medienos
savybiy skirtumai priklauso ne tik nuo medienos veislés, bet ir nuo klimatiniy
medzio augimo salygy. Todél svarbu Zzinoti ne tik apibendrintuosius medienos
rodiklius, pateikiamus norminiuose dokumentuose, bet ir Lietuvoje iSaugusios
medienos savybes normaliomis salygomis bei jy pokyc¢ius veikiant kaitrai.

Veiksniy, turinCiy poveikj temperatiros pasiskirstymui medinése
konstrukcijoje ir jy elementuose gaisro poveikio metu, nustatymas yra labai
svarbus patikimam galutiniam mediniy elementy laikomosios galios rezultatui
gautl.

Darbo aktualumas. Mediniy konstrukcijy atsparumo ugniai klausimai yra
labai aktualiis, nes mediena, kone vienintel¢ i§ pladiai naudojamy statybiniy
medziagy yra degi. Turint galvoje, kad pagal seniau galiojusias SSRS mediniy
konstrukcijy projektavimo normas mediniy elementy atsparumo ugniai
skaiCiavimas nebuvo reglamentuojamas, todél duomeny apie medienos savybiy
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pokycius aukstesnése temperatirose ir mediniy elementy elgseng gaisro metu
praktiskai néra, ypa¢ tai akcentuotina apie miisy respublikoje augancios
medienos savybes. Jei medienos stipruminés ir fizikinés savybés natiiraliomis
salygomis yra pakankamai iStyrinétos tai tyrimy gaisro sglygomis praktiskai
nebuvo atliekama. IStirti Lietuvoje augancios medienos stipruminiy savybiy
pokyc¢ius aukStesnése temperattirose ir palyginti gautus rezultatus su kity Saliy
mokslininky gautais duomenimis yra pravartu siekiant nustatyti kaip gautieji
sarySiai  koreliuoja su norminémis pateiktaisiais mediniy konstrukcijy
projektavimo normose LST EN 1995-1-2. Tiriant liauny centri$kai gniuzdomy
mediniy elementy elgsena gaisro salygomis siekiama nustatyti medinio elemento
elgsenos ypatumus bei palyginti eksperimentinius rezultatus su skaiCiuotiniais ir
taip geriau suprasti priclaidy taikomy analitiniuose skai¢iavimuose tikslinguma ir
pagristuma. Taip pat svarbu iSnagrinéti galimybe¢ sumodeliuoti medinio
centriSkai gniuzdomo strypo elgsena gaisro salygomis taikant kompiutering
programa.

Tyrimy objektas. Darbo tyrimy objektas — Lietuvoje auganciy spygliuociy ir
lapuociy medienos savybiy pokyciy didéjant temperatiirai nustatymas, centriskai
gniuzdomy liauny mediniy elementy elgsenos veikiant kaitrai eksperimentiniai
tyrimai ir gauty eksperimentiniy tyrimy rezultaty palyginimas su skaiciuotiniais
mediniy elementy elgsenos, veikiant kaitrai rezultatais.

Darbo tikslas. Sio darbo tikslas — nustatyti temperatiirinius medienos
savybiy pokyCiy sarySius bei gaisro temperatiros poveikj mediniy liauny
gniuzdomy elementy laikomajai galiai ir remiantis gautais rezultatais patikrinti
atitikt] skaiCiuotinéms prielaidoms skaiCiuojant gniuzdomy elementy atsparuma
ugniai, jei elementai veikiami kaitros poveikio ne pagal standartinio gaisro
kreive, o esant kitokiam kaitros pokycio laikiniam sarySiui. Patikslinti metodika,
kurig taikant galima bty jvertinti ne tik tikrajj kaitros poveikj konstrukcijai, bet
ir atsizvelgti | temperatiiros pasiskirstymg elemento skerspjuvyje.

Darbo uZdaviniai. Darbo tikslui pasiekti buvo iskelti Sie uzdaviniai:

1. Atlikti literatiiros, kurioje nagrinéjama laikanciyjy konstrukcijy
atsparumo klausimus susijusius su konstrukcijy atsparumo ugniai
klasifikacija, medienos elgsenos veikiant aukStoms temperatiiroms
ypatumais bei mediniy konstrukcijy laikomosios galios gaisro
salygomis laikomosios galios analize, apzvalgg.

2. Gauti eksperimentinius duomenis apie aukstos temperattros poveikj
Lietuvoje augancios natiiralios — pusSinés ir azuolinés — medienos
savybéms.

3. Remiantis darbo tyrimo, kity uzsienio Saliy mokslininky tyrimy
rezultatais o taip pat duomeny bazése bei Zzinynuose pateikiamais
duomenimis atlikti medienos savybiy temperatiiriniy sarysiy
palyginima, iSanalizuoti jy skirtumus ir panasumus.
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4. Parengti bandymo metodus ir sukonstravus savita kaitinimo krosnj,
lenkimo, tempimo ir gniuzdymo jranga, atlikti medienos stipriy
mazéjimo veikiant kaitrai tyrimus, jvertinant medienos tankj, drégme,
Silumos srauto tankj.

5. Parengti bandymo metodus bei sukonstruoti kaitinimo krosnis ir
apkrovos suteikimo jranga skirtg centriSkai gniuzdomy liauny mediniy
elementy elgsenos ugnyje tyrimams atlikti.

6. Gautus eksperimentiniy tyrimy rezultatus palyginti su apskaiciuotaisiais
elgsenos ugnyje rezultatais.

7. Atsizvelgiant | tikroviSkesnj kaitros poveikj patikslinti esama mediniy
liauny gniuzdomy elementy skai¢iavimo metodika, kuri leisty tiksliau
jvertinti jy atsparuma ugniai.

Tyrimy metodika. Remiantis atitinkamais Europoje galiojanciais standartais
ir sukurtomis nestandartinés bandymy metodikomis atlikti medienos savybiy
poky¢iy bei centriskai gniuzdomy liauny mediniy elementy elgsenos veikiant
kaitrai tyrimai. Taikant standartinius mediniy konstrukcijy skai¢iavimo bei
skaitinius analizés metodus patikslinta centriSkai gniuzdomy liauny mediniy
elementy laikomosios galios nustatymo metodika.

Darbo mokslinis naujumas. Rengiant disertacijg gauti statybos inzinerijos

mokslui nauji rezultatai:

1. Gauti nauji papildomi Lietuvoje augancios pusSinés ir 3zuolinés
medienos savybiy pokyCiy veikiant aukStai temperatirai duomenys,
leidziantys palyginti jvairiuose pasaulio regionuose ir Lietuvoje
auganciy medziy medienos savybiy veikiant aukStoms temperatiiroms
panaSumus ir skirtumus.

2. Gauti nauji Lietuvoje augancios pusinés ir gzuolinés medienos savybiy
poky¢iy veikiant aukstai temperatiirai duomenys, leidziantys palyginti
ivairiuose pasaulio regionuose ir Lietuvoje auganciy medziy medienos
savybiy veikiant aukStoms temperatiroms panasumus ir skirtumus.

3. Patikslinti liauny centriskai gniuzdomy elementy elgsenos ypatumai ir
ju poveikis skai¢iavimo principams.

4. Pateiktos rekomendacijos mediniy elementy elgsenos analizei, taikant
sudétingesnius metodus pagal EC5 1-2:2005 nuostatas.

Darbo rezultaty praktiné reik§mé. Rengiant disertacija gautas statybos
inzinerijos mokslui naujas rezultatas — nauji Lietuvoje augancios gzuolo ir pusies
medienos stipriy mazéjimo temperatiiriniai sarysiai, kurie palyginti su LST EN
1995-1-2:2005 pateiktais sarysiais. Pateiktos rekomendacijos kaip gana tiksliai
nustatyti gaisro paveikty liauny mediniy elementy laikomosios galios rezerva
pagal likutinio skerspjiivio matmenis, o tai yra svarbu prieS pradedant gaisro
paveikty pastaty konstrukcijy stiprinimg ar valyma.
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Ginamieji teiginiai

1. Pasitlytieji spyglivo¢iy ir lapuo¢iy medienos stiprio pokyciy
aukstesnése temperatlirose sarysiai ir pasitilytoji jy nustatymo metodika.

2. Mediniy centriskai gniuzdomyjy elementy elgsenos ugnyje tyrimo
metodika.

3. Mediniy centriSkai gniuzdomyjy elementy elgsenos ugnyje
eksperimentiniy ir skai¢iuotiniy reik§miy analizés rezultatai.

Darbo apimtis. Disertacija sudaro jvadas, penki skyriai, bendrosios i§vados,
du priedai, literatiiros ir publikacijy sarasai. Darbo apimtis yra 132 puslapiai be
priedy, tekste panaudotos 39 numeruotos formulés, 62 paveikslai, 10 lenteliy ir
130 bibliografiniy $altiniy sarasas.

Ivadiniame skyriuje nagrinéjamas problemos aktualumas, formuluojami
darbo tikslai ir uzdaviniai, aprasomas darbo mokslinis naujumas, pristatomos
autoriaus publikacijos ir pranesimai.

Pirmasis skyrius skirtas literatiiros apzvalgai. Jame pateikta darby, kuriuose
nagriné¢jamas aukstesnés temperatiiros veikiamos medienos stipruminiy savybiy
mazejimas ir kuriuose pateikiami gaisro salygomis gniuzdomy mediniy elementy
laikomosios galios tyrimy rezultatai bei nagrinéjami jy ypatumai ir mediniy
konstrukcijy apsaugos nuo ugnies poveikio biidai, apzvalga. Skyriaus pabaigoje
formuluojamos i$vados ir tikslinami disertacijos uzdaviniai.

Antrajame skyriuje pateikta medienos stipruminiy savybiy aukStesnése
temperatiirose tyrimo metodika ir sukurty nestandartiniy bandymo jrenginiy
schemos.

Treciajame skyriuje pateikta liauny centriskai gniuzdomy mediniy elementy
elgsenos gaisro salygomis tyrimy metodika bei tam tikslui sukurty nestandartiniy
bandymo jrenginiy schemos.

Ketvirtajame skyriuje pateikta auksStesnés temperatiiros poveikio medienos
stipriams bandymo rezultaty analizé ir palyginimas su kity autoriy analogisky
tyrimy rezultatais.

Penktame skyriuje pateikta centriSkai gniuzdomy liauny mediniy elementy
elgsenos ugnyje bandymo rezultaty ir $iy elementy atsparumo ugniai skaic¢iavimo
rezultaty, taikant analitinius metodus ir skaitinj temperatiiros modeliavima
baigtiniais elementais, palyginamoji analizé.

Darbo rezultatai ir iSvados.

Darbo metu gauti Sie rezultatai:

1. Patikrintas bandymy rezultaty atitikimas skai¢iuotinéms prielaidoms bei
patikslinta mediniy gniuzdomy elementy, atsizvelgiant j temperatiiros
pasiskirstyma elemento skerspjtivyje, elgsenos ugnyje, kai elementai
veikiami kaitros ne pagal standartinio gaisro kreive, o esant kitokiam
kaitros poky¢io laikiniam sarysiui, vertinimo metodika.

2. Palyginus darbe gautus medienos stipriy maz¢jimo koeficientus su kity
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autoriy gautais duomenimis galima teigti, kad jy sklaida yra nedidelé,
rezultatai yra panasis, taciau palyginus gautuosius rezultatus su EC5 1-
2 matyti, kad norminiame dokumente pateiktosios koeficienty reikSmés
yra su daug didesne atsarga.

3. Nustatyta, kad budinga centriskai gniuzdomy mediniy liauny elementy,
netolygiai kaitinamy i§ visy pusiy, irtis — jy kluptis i$linkstant kaitros
poveikio kryptimi.

4. Palyginus gautuosius bandymy ir skai¢iavimo rezultatus galima teigti,
kad EC5 1-2 dalies nuostatas galima taikyti ne tik standartinio gaisro
veikiamiems elementams, bet ir esant kitokiems laikiniams
temperatiiros poveikio sarySiams.

5. Taikant EC5 1-1 iSraiSkas, skirtas elementams, veikiamiems
gniuzdomosios jégos ir lenkiamojo momento, skai¢iuoti pagal medinio
gniuzdyto elemento likutinio skerspjiivio matmenis, ir ekscentricitetus
galima gana tiksliai nustatyti laikomosios galios rezerva, kurj yra labai
svarbu Zinoti prie§ vykdant gaisro paveikty pastaty, valymo ar atstatymo
darbus.

6. SkaiCiuojant nedidelio skerspjiivio matmeny elementus, kuriems
eurokodo 5 1-2 dalyje nepateikta jokiy nuorody, tikslinga nustatyti
temperatiros pasiskirstyma skerspjivyje taikant EC5 1-2 B priedo
nuostatas ir pagal pasvertinius medienos rodikliy pokyc€ius veikiant
temperatiirai apskaiCiuoti jy laikomaja galig. Taikant § metoda
elementus galima skai¢iuoti kaip centriskai gniuzdomus.
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