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Existing wood and wood-based materials have had several drawbacks limiting their use, which in consequence resulted in replac-
ing them by other materials. The most significant problems were limitations regarding maximum dimensions of the components 
cross – section and capabilities of manufacturing of the large-scale components. Durability and flammability of surfaces were the 
limiting factors as well. Nowadays, thermally treated wood and wood composites are more and more commonly used in the engi-
neering constructions, such as: glued laminated timber (GL), laminated veneer lumber (LVL) and thermally treated timber (TT). 
The timber undergoes a process of thermal degradation. In high temperatures timber structure is subject to simultaneous influence 
in the form of forces and thermal impacts. These factors influence stress distribution in the wood structure and limit its load capac-
ity, reflecting structure decohesion. The aim of the presented studies was to determine impact of increased temperatures on strength 
of the wood materials and wood-based composites. Additionally, based on the results of the strength studies, analysis of the prob-
ability of survival in high temperatures was performed. Samples used in the static bending strength studies were made of the lami-
nated veneer lumber – LVL, glued laminated pine timber – GL, and thermally treated – TT and non-treated spruce timber - NTT. 
The samples were in a cuboidal shape with dimensions of 20x20x300 mm. The evaluation of bending strength was performed by 
means of the universal strength device - FPZ 100/1 (VEB Thuringer Industriewerk Rauenstein, Germany). Fire temperatures con-
ditions were simulated by blowing hot air (GHG 650 LCE). The studies were conducted in the following temperature ranges: 20, 
50, 100, 150, 200 and 230ºC. Based on the obtained results a reliability analysis was performed. For the analysis a two-parameter 
Weibull distribution was applied. In case of materials with laminated structure – LVL and GL, an increase in standard deviation 
of the results of bending strength in the successive temperature ranges has been observed. Higher values of shape parameter c of 
Weibull distribution have been demonstrated for TT spruce timber (the highest c = 5.58) and NTT (the highest c = 3.31).

Keywords: Fire temperatures, thermally treated timber (TT), glued laminated timber (GL), laminated veneer 
lumber (LVL), reliability, bending strength.

Dotychczasowe materiały drewniane i drewnopochodne miały wiele wad ograniczających ich zastosowanie, co prowadziło do 
zastępowania ich innymi. Największy problem stanowiły ograniczenia, co do maksymalnych wymiarów przekroju elementów oraz 
możliwości wykonywania elementów o znacznych rozpiętościach, również trwałość powierzchni a także łatwopalność ograniczały 
zastosowanie. Obecnie w konstrukcjach inżynierskich coraz częściej wykorzystuje się drewno modyfikowane termicznie oraz mate-
riały drewnopochodne m.in. drewno klejone warstwowo (GL), drewno fornirowane warstwowe (LVL) oraz drewno modyfikowana 
termicznie (TT). Drewno jest materiałem ulegającym termicznej degradacji. W warunkach oddziaływania wysokich temperatur 
konstrukcja drewniana jest poddana jednoczesnym wymuszeniom w formie sił oraz oddziaływaniom termicznym. Oddziaływanie 
tych dwóch czynników wpływa na rozkład naprężeń w strukturze drewna oraz ogranicza nośność konstrukcji, powodując de ko-
hezję struktury. Celem prezentowanych badań było określenie wpływu podwyższonych temperatur na wytrzymałość materiałów 
drewnianych i drewnopochodnych. Ponadto, na podstawie wyników badań wytrzymałości przeprowadzono analizę prawdopodo-
bieństwa przetrwania w podwyższonych temperaturach. Próbki do badań wytrzymałości na zginanie statyczne zostały wykonane 
z drewna fornirowego warstwowego – LVL, drewna sosny pospolitej klejonego warstwowo – GL oraz drewna świerkowego pod-
danego – TT i niepoddanego modyfikacji termicznej – NTT, w formie prostopadłościanów o wymiarach 20x20x300mm. Oceny 
wytrzymałości na zginanie dokonano na uniwersalnej maszynie wytrzymałościowej FPZ 100/1 (VEB Thuringer Industriewerk 
Rauenstein, Germany). Temperatury środowiska pożaru symulowano za pomocą nawiewu gorącego powietrza (GHG 650 LCE). 
Oceny dokonywano w zakresach temperatur: 20, 50, 100, 150, 200, 230ºC. Uzyskane wyniki posłużyły ocenie niezawodności. 
W analizie wykorzystano dwuparametrowy rozkład Weibulla. W przypadku materiałów o strukturze laminowanej – LVL i GL 
zaobserwowano wzrost odchylenia standardowego wytrzymałości na zginanie w kolejnych zakresach temperatur. Wyższe wartości 
parametru kształtu c Rozkładu Weibulla zostały wykazane dla świerku TT (najwyższe c = 5.58) i NTT(najwyższe c = 3.31).

Słowa kluczowe: Temperatury pożarowe, drewno klejone warstwowo (GL), drewno fornirowane warstwowe 
(LVL), drewno modyfikowane termicznie (TT), niezawodność, wytrzymałość na zginanie.
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1 Introduction

Wood next to the stone and soil, is the oldest building material 
used by humans, and still one of the main raw materials applied in the 
engineering constructions. Increasing demands concerning the con-
structions result in necessity of improvement of mechanical – func-
tional wood properties. Undoubtedly, new technologies of production 
of wood and wood- based structural components, as well as new types 
of bolts, contribute to the development of the constructions made of 
these materials. The wood is a flammable material undergoing ther-
mal degradation. In the fire conditions a wooden structure is subject to 
the simultaneous influence in the form of forces and thermal impacts. 
Simultaneous interactions of these two factors influence stress distri-
bution in the timber structure and cause a reduction of the load capac-
ity of the construction. High temperatures occurring during the fire 
cause decohesion of the structure. The observable strength reduction 
of the timber, takes place already at temperatures above 65ºC [40]. 
At a micro-structural level the wood is a non-homogeneous cell com-
posite, composed of cellulose, hemicellulose, lignin and other minor 
constituents [44].Cellulose is the largest part of volume of the timber. 
It consists of the long carbon chains, which are crucial for its strength. 
The hemicellulose consisting of branched amorphous polymers fills 
in the gap between the cellulose and lignin in the timber structure. The 
lignin is an amorphous polymer responsible for cohesion of timber 
structure, and it is a “bonding” factor [20]. Degradation of the dried 
cellulose occurs at temperature of about 300ºC, while degradation 
of hemicellulose occurs in the temperature range of 150 to 200ºC. 
Additionally, decomposition of the lignin, determining the cohesive-
ness of timber structure, takes place in the range between 220 and 
250ºC [3, 17], while dehydration of lignin occurs at 200ºC. Construc-
tion timber has advantageous physical and technological properties, 
such as high strength and low deadweight. Till now, there have been 
some drawbacks due to limitations connected with maximum dimen-
sions of the components cross-sections and manufacturing abilities 
of the large scale components. Nowadays, a woodworking technol-
ogy, development of the treatment methods, shaping of such type of 
materials as well as their aesthetic properties, favor production of this 
kind of constructions. Possibilities of application of the special agents 
protecting wooden structures against a negative impact of the envi-
ronmental conditions are being continuously developed, resulting in 
larger applications range of timber materials [8]. An application of 
water-resistant adhesives based on the synthetic resins together with 
a simple method of longitudinal joining by means of wedge joints, 
turned out to be especially important. It enabled much faster building 
method with the use of glued structural components with dimensions 
larger than the natural input product [25]. Joining of the wooden com-
ponents by means of steel rod connectors gives more possibilities in 
the wood construction design and enables their local renovation with 
preservation of the overall structure [11]. Due to necessity to obtain 
high aesthetics of the interiors, in the public utility buildings wood 
and wood-based structures of large span are applied. In the buildings 
with compartments with high humidity (swimming halls), the timber 
proves to be a very advantageous constructional material. One of the 
most interesting large – scale constructions based on the timber mate-
rials is a sports hall in Hamar – “The Viking Ship” – 260 m long, 96 
m wide, and 35 m high [38], or footbridge in Sromowce Niżne, which 
length and width together with ground ramps are 149.95 m and 3.5 m, 
respectively [5].

New types of timber are getting more and more popular, due to 
both strength as well as fire parameters, which have not been used 
in Europe till now. The timber from tropical countries is an alterna-
tive for the domestic brands and certainly its further investigations are 
to be continued [26]. In order to fulfill requirements of the modern 
architecture, where the most important is a freedom in the implemen-
tation of the architectural concepts, high fire resistance, necessity to 

obtain large structural spans, low maintenance, costs reduction and 
chemical resistance, the most commonly used materials are wood and 
wood-based composites, such as: glued timber (GL), laminated ve-
neer lumber (LVL) and thermally modified timber (TT). However, it 
should be noticed that the above materials perform different functions 
in the constructions. The glued laminated timber composites (GL) are 
used in single family houses and apartment houses, as well as large-
scale buildings such as production halls, market halls, sports halls, 
swimming pools or footbridges and bridges. The most commonly 
used type of timber for the production of glued components in Poland 
is pine or spruce, and rarely larch. A main adhesive used to produce 
this type of timber is a melamine adhesive, which is resistant to water 
and fire impact. The alternative solution is resorcinol adhesive, which 
is especially resistant to humidity. Both types of adhesives do not re-
lease any harmful substances, even during the fire [30]. The results of 
investigations have revealed that behaviour of GL in the conditions 
of higher temperatures strongly depends on the adhesive behaviour 
that bonds individual layers of the component [13]. The comparative 
studies of different types of timber, conducted with the use of conical 
calorimeter measuring heat release rate, have indicated that the char-
ring rate of the glued timber samples decreases with the increase of 
timber density [42]. On the basis of specific bending strength a glued 
timber was divided into 5 classes: from GL24 to GL40. Grading of the 
sawn wood was carried out according to the standard requirements, 
based on the visual evaluation (for GL24 and GL28) and mechani-
cally for the higher classes (GL32 and GL36). Due to such method 
of grading the classes GL24 and GL28 are the most available. The 
laminated glued timber after providing appropriate conditions such 
as chamfered edges and planed surface is resistant to fire. According 
to the guidelines of the Institute of Building, this type of components 
with a width below 12cm, are classified as low flame spread materi-
als. The components with the width above 12cm or below 12cm with 
additional fire-proofing agent are classified as fire retardants. Fire re-
sistance of the glued timber in a range of R15 to R60 can be achieved 
at the design stage by the proper statistical analysis and proper selec-
tion of the cross-sections.

Nowadays, laminated veneer lumber is used in many ways, starting 
from the ceiling beams, and bridge engineering, ending with window 
and door components [28]. Thanks to a laminar structure of the com-
posite, constructional components based on LVL are very rigid, have 
a high resistance to fire and aesthetic appearance. Such components 
due to their homogeneity have an excellent dimensional stability, and 
nowadays they are available in a wide range of dimensions [29]. The 
adhesive resins bonding wood layers have a significant influence on 
the composite properties by decreasing adsorption of humidity, reduc-
ing impact of the acidic environment, and reducing curb weight [15]. 
Most often for the production of glued veneers phenol-formaldehyde 
adhesives are applied, while for bonding the external veneers mela-
mine adhesives can be used as well [39]. In LVL composites the layers 
of the cut veneers of about 3–4 mm (most often 3.2mm) are applied 
[8]. The physical-mechanical parameters of LVL composite are mostly 
dependent on the type of the trees, from which the material originates, 
the type of adhesive, as well as a thickness of particular layers [1, 16]. 
Veneer layers in one structural component can be made of different 
species of wood. It has been studied and found that the sequence of 
the particular veneer layers made of different wood species influences 
the bending strength and modulus of elasticity [7]. A quality of timber 
used for the composite production and veneer species plays a signifi-
cant role as well [37]. During a fairly long LVL composites strength 
studies [36], slightly higher LVL composite strength (a few percents) 
made of I class quality veneer comparing to II and III class veneers 
has been demonstrated. Number of knots and their location in the ma-
terial structure [41], as well as consistency of the fibers direction with 
the direction of the force vector, have been proved to have an impact 
on the strength [33]. 
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Thermal treatment of the timber is one of the new technologies 
aiming at improvement of its properties. A thermally treated timber 
(TT) is widely used also in Poland. Most of the thermally treated tim-
bers available on the market are the exotic types. Thermally treated 
domestic timber such as spruce timber can become an alternative for 
the exotic timber in the longer time horizon. Modification of the tim-
ber structure improves some of its physical – mechanical properties, 
mostly hardness and wear resistance [21], it also improves dimen-
sional stability of the timber components and its biological resistance, 
as well as reduces the amount of moisture absorbed by the wood [18, 
27]. The improvement of this property occurs as a result of chemical 
composition, mainly due to degradation of hemicellulose [14]. This 
process also improves resistance to the aggressive environment and 
wood decay, and what is important from the aesthetic point of view 
– enables obtaining dark decorative colour [19]. Timber thermal treat-
ment is usually performed in a range of temperatures between 160 and 
280ºC [12], while exposure time depends on the size of the treated 
timber components as well as their humidity, and ranges between 15 
and 24 hours. It is known that thermal treatment of timber in some 
cases, conducted at the specific temperatures and exposure times can 
lead to the reduction of the ultimate wood strength. 

On the basis of the obtained results from the conducted strength 
studies, a reliability analysis of the above mentioned wood-based 
composites and thermally treated timber in high temperatures was per-
formed. In case of static structures a reliability evaluation is possible 
based on the probability of not exceeding of the limit state of the load 
capacity or failure of the construction [24]. Probability of failure or 
in other words probability of not survival can be determined based on 
the distribution of the random variable of material strength and distri-
bution of this variable as a function of temperature in which the object 
is present. The above assumption brings reliability of the construction 
to the strength reliability and its components. The strength reliability 
specifies in both a synthetic and correct way, the essence of all studies 
and strength investigations as well as their final purpose [2]. In this 
case failure is equal to probability of not survival of the engineering 
object or its component, while reliability is a probability of survival. 
The crucial issue in the construction reliability analysis is a level of 
reliability analysis. The analysis can be conducted in a scope of deter-
ministic static-strength evaluations and probabilistic safety evaluation 
of the constructions. Three levels of the analysis can be distinguished: 
point level – more strictly, level of the construction material particle, 
section level – cross-section of the construction component, object 
level – structural building layout. This paper presents the analysis per-
formed on the first level, based on the results of the ultimate strength 
studies conducted in high temperatures conditions.  

2. Materials and methods

2.1. Studied material

Samples for static bending strength investigations were in a shape 
of cuboids with dimensions of 20x20x300 mm, according to PN-72-
/C-04907 standard [45]. In the studies four types of samples were 
used: glued timber composite (GL), composite of laminated veneer 
lumber (LVL), treated spruce sawn (TT) and non-treated spruce sawn 
(NTT). In order to obtain GL samples a melamine adhesive and pine 
sawn were used. The samples were made by combining two compo-
nents of identical dimensions to obtain a standard sample as described 
above. The ultimate strength of the studied material was at the level of 
GL28 class. Material used for LVL sample originated from the manu-
facturers of such materials. The standard samples were made of seven 
layers of spruce veneer of the equal thickness and the same direction 
of fibres. The fibres direction in all studied samples was consistent 
with the long axis of the sample. Before starting investigations the 

samples had been stored at 20°C for a period of 6 months, after this 
time humidity of the samples was about 8%. 

Thermal treatment of the pine samples (TT) was performed in 
three stages, as shown in the first figure (Fig.1). First stage consisted 
in a placement of the samples in the drier and heating to 100°C for 30 
minutes. Next, temperature was raised successively to 120°C for 60 
minutes. During that time a process of drying of the timber took place, 
humidity decreased to around zero.

The second stage consisted in the extensive heating. This phase 
had a significant impact on the final effect of the treatment. At this 
stage the temperature was raised to 160°C in 20 minutes and samples 
were stored in such temperature for 6 hours. The third stage included 
cooling and conditioning. At this stage temperature in the drier was 
reduced to 80-90°C, which lasted for 60 minutes. The samples were 
gradually cooled down. Afterwards they were wrapped in aluminium 
foil.  

The same spruce sawn was used for both thermally treated (TT) 
and non-treated samples (NTT).

Investigations were performed on the group of 204 samples (66 
- LVL, 54 – GL, 42 – NTT and 42 – TT), in equal quantities in each 
group, specified by the temperature level.

2.2. Strength investigations

Strength tests have been carried out by the three-point bending 
method. Strength investigations were conducted with the use of uni-
versal resistance device FPZ 100/1 (VEB Thuringer Industriewerk 
Rauenstein, Germany), which enabled static loading and maintaining 
it in a vertical position at the specified level. The maximum static 
force produced by the device was 100 kN. The device had four veloc-
ity ranges of traverse. During the studies I/III traverse velocity range 
was used, corresponding to velocities range of 0.021÷0.84 mm/min. 
The traverse velocity range was established by a potentiometer placed 
in a centre of velocities range. 

In order to determine the bending strength a following equation 
was applied:

 max
2

3
2bw
P lR
b h

⋅
=

⋅
 (1)

where: 
 Pmax – force breaking the sample [N]
 l – sample length [mm]
 b – sample width [mm]
 h – sample height [mm]

Strength investigations were carried out in high temperatures until 
sample failure.

Fig. 1. Process of thermal timber treatment [authors’ work]
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2.3. Simulation of fire temperatures 

Before the main strength studies, some preliminary studies were 
conducted in order to determine temperature ranges for the experiment 
and exposure times up to the temperature equalization in the whole 
sample volume. During the preliminary studies some openings were 
made in the samples, in which thermocouples, type K, were placed to 
measure temperature in the geometric centre of each sample. A heat-
ing time was determined as the time after which the temperature fore-
seen in the schedule was measured with the thermocouple.

As the initial the ambient temperature of 20°C was assumed. The 
limit temperature was 230°C, which is close to ignition temperature 
of the wood surface. Additionally, the studies were conducted for the 
following temperature ranges: 50°C, 100°C, 150°C and 200°C.   

During the main studies temperature was measured at the surface 
of the sample by means of two thermocouples being in contact with 
a side surface of the sample. Loading of the sample was performed 
after reaching a specified temperature value and maintaining it for a 
period of time established during the preliminary studies. Value of the 
breaking force and temperature were recorded in a real time. Tem-
perature increase in a chamber was obtained by blowing with hot air 
(GHG 650 LCE, Bosch, Germany). Temperature range at the outlet of 
the nozzle was 50-560°C, and a hot air flux was adjustable in a range 
between 250 and 500 l/min.  

2.4. Reliability analysis

Reliability analysis was performed based on the results obtained 
during a three-point bending strength test. In highest temperature the 
reliability was analysed on the basis of Weibull model.

For the analysis a two-parameter Weibull distribution was applied. 
Weibull cumulative distribution function (with positive σ0, c, and σu 
parameters), is described by the following relationship [22]:

 P Vf
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where:
 σ – breaking load,
 σ0 – scale parameter,
 c – shape parameter,
 σu –location parameter,
 e – constant (e = 2.71828...),
 V – sample volume.

In the analyzed case Pf is a probability of failure of the sample 
made of wood or wood-based composite. Value of the probability 
contains in a set between 0 and 1. In case when the load at which 
probability of failure equals 0 is known (in the presented analysis it 
is the highest known breaking load at 20ºC), the probability can be 
calculated from the following relationship: 
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where:
N* - total number of samples,
n – set of the ranked samples.
In case a sample size – sample volume V is constant in all sub-

groups of population determined by the successive temperature rang-
es, it can be omitted in the calculations [10, 35].

Assumption of the location parameter σu = 0 reduces Weibull 
distribution to the two-parameter distribution. The above assumption 
brings failure probability range to the beginning, to the known highest 
breaking load value. Under these assumptions the equation takes the 
following form:
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The above equation can be simplified by using the logarithm to 
the form of y = ax + b by:   
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= −σ σ  (5)

where:
 Ps – survival probability (equals 1 – Pf).

An intersection of Y axis depends on −c ln( )σ0 , a slope of the 
curve is a shape parameter of Weibull distribution - c. Sample size has 
an influence on the determination coefficient R2, which decides on 
the quality of prediction of the Weibull distribution parameters [31]. 
Thus, the higher it is the better selection quality of the shape param-
eter (R2 values are shown in Figure 2).  

3. Results of the studies

Descriptive statistics of the bending strength results are shown in 
table 1. 

Logarithmic distribution of non-failure wood samples probability 
in high temperatures is shown in Figure 2.

4. Results and discussion

Studies on the bending strength of wood indicate that humid-
ity and temperature of timber applications significantly influence on 
mechanical strength of wood [23,43]. The decrease of wood humid-
ity improves mechanical properties, while the temperature increase 
aggravates these properties. The presented results show that high 
temperatures influence on the strength decrease. In case of thermal-
ly treated spruce timber (TT), reduction of the bending strength at 
230ºC was 42.21%, while in case of non-treated timber (NTT) it was 
58.19%, in relation to the one obtained at 20 ºC. Wood-based com-
posites LVL and GL at 230 ºC maintained 33.32% and 28.57% of the 
strength obtained at 20ºC, respectively. A similar level of a residual 
value at 230 ºC was obtained in studies presented in an article [20]. 
In the article, the results were determined from compression forces 
parallel to grain, what may indicate on s similar process of these prop-
erties degradation. 

Regarding natural material, the observed strength of NTT was 
lower in all temperature ranges, however value of bending strengths 

Fig. 2. Logarithmic distribution of failure probability as a function of bending 
strength of the sample in high temperatures
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of TT and NTT at normal temperature (20ºC) were similar. It seems 
possible that thermal wood modification improves strength reliabil-
ity. The decrease of humidity, in a technological process of thermal 
wood modification, results in polymers (cellulose) degradation [20]. 
This polymers significantly influence on mechanical strength of wood 
[4, 34]. According to Schaffer [32], lignin, located at the exterior of 
wood fibers, also influences on wood strength. The lignin structure 
may start to change at 55°C.

Together with temperature increase an increase of the coefficient 
of variability of the bending strength results have been observed, 
while in case of LVL and GL the increase was larger. This is not un-
favourable since it significantly reduces abilities of precise evaluation 
of the construction condition and prediction of the hazard level at the 
point, where the temperatures of construction components are lower 
than their ignition temperature.  

 The strength degradation intensity of studied materials was high-
er in a first two temperature ranges (tab.1). Different connection has 
been shown only in case of TT materials, for which the decrease of 
strength was slight in a first range. It may be the result of thermal 
wood modification, which influences on transition of cellulose and 
hemicellulose vitrification. Additionally, it is indicated that transition 
of cellulose structure during thermal modification, under proper con-
ditions, influences on rigidity improvement and other physical and 
mechanical wood properties [4].

A presented method of reliability analysis of the material is insuf-
ficient to evaluate reliability of the construction. The method does 
not include different functions performed by components made of the 
studied materials in the construction. It enables only a comparative re-
liability analysis of the materials. This method can be in a way referred 

to the first level of the construction reliability analysis, concerning 
one component of the construction. It means that the presented analy-
sis, based on the simple three-point bending strength test, does not 
take into account a redistribution of forces to the other construction 
components as well as other methods of loading performance. In the 
reliability analysis, in case of the whole construction sections, which 
usually are serial sets of components, the analysis is performed for a 
so called “the weakest element”. The reliability of the whole section 
being a serial arrangement, in the simplest concept is a product of 
reliability of its components [24]. A serial model can be applied also 
to the evaluation of the safety and reliability of the construction com-
ponents statistically indeterminable, if redistribution of the internal 
forces is not allowed and statistical calculation methods are applied – 
stresses in all critical cross-sections of the construction are calculated 
and compared with the material strength [24].

A limiting factor of the presented analysis is concluding only 
based on the ultimate strength of the samples without the loading his-
tory. Moreover, as well known, a long-term strength of timber is much 
lower than the ultimate one. According to [6] after 10 years of operat-
ing it represents only about 60% of the ultimate strength, and after 50 
years – about 50%. 

In the presented publication survival probability (no failure) was 
analysed in two different ways.  First the analysis as a function of 
strength (Fig. 2) was performed, without dividing into successive 
temperature ranges and using all available strength results from the 
successive temperature ranges. It enabled application of two-parame-
ter Weibull distribution and obtaining shape and scale distribution pa-
rameters. Next, the analysis as a function of temperature of simulated 
fire conditions (Fig. 3) was performed. The aim of such procedure 

Table 1. Descriptive statistics of the bending strength results

Temp. 
[ºC]

Bendig strength Rbw [MPa]

N Average Min Max Std. dev. Coaf. of 
var.. %

Residual 
strength 

%

Strength 
degradation 

intensity
 [MPa/ ºC]

σ0 
[MPa]

LVL
20 11 90,82 81,00 101,25 7,13 7,86 100,00 -

58

50 11 77,52 72,00 87,75 5,54 7,15 85,36 0,44
100 11 55,02 45,00 63,00 5,07 9,21 60,58 0,45
150 11 47,05 38,25 54,00 4,32 9,19 51,81 0,16
200 11 38,45 31,50 45,00 4,55 11,83 42,34 0,17
230 11 30,27 24,75 36,00 4,19 13,85 33,33 0,27

gL
20 9 85,75 81,00 90,00 3,81 4,44 100,00 -

62

50 9 75,75 67,50 85,50 6,16 8,13 88,34 0,33
100 9 56,75 49,50 69,75 7,01 12,34 66,18 0,38
150 9 46,50 36,00 58,50 7,79 16,76 54,23 0,21
200 9 32,00 24,75 38,25 5,00 15,63 37,32 0,29
230 9 24,50 18,00 29,25 3,27 13,34 28,57 0,25

nTT
20 7 79,71 72,00 85,50 5,33 6,69 100,00 -

60

50 7 67,50 60,75 74,25 4,86 7,20 84,68 0,41
100 7 53,68 45,00 60,75 5,42 10,10 67,34 0,28
150 7 49,50 38,25 83,25 15,91 32,14 62,10 0,08
200 7 38,57 33,75 42,75 3,54 9,18 48,39 0,22
230 7 33,11 27,00 38,25 4,05 12,23 41,54 0,18

TT
20 7 89,68 83,25 96,75 4,93 5,50 100,00 -

76

50 7 87,43 83,25 92,25 3,03 3,46 97,49 0,08
100 7 72,64 67,50 76,50 3,11 4,27 81,00 0,30
150 7 67,18 63,00 72,00 3,54 5,27 74,91 0,11
200 7 61,07 56,25 67,50 3,99 6,53 68,10 0,12
230 7 51,75 45,00 56,25 4,31 8,33 57,71 0,31
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was to obtain a single reliability distribution, continuous in the suc-
cessive temperature ranges, for each of the materials instead of having 
many distributions for the successive temperature ranges. Applicabil-
ity of the latter ones is much lower.  

Based on the logarithmic distribution of failure probability in the 
temperature field, the higher values of shape parameter c of Weibull 
distribution have been obtained in case of spruce timber TT (the high-
est value c = 5.58) and NTT (the highest value c = 3.31). The lower 

value of scale parameter of Weibull distribution indicates a larger scat-
ter of the obtained results. The reason for the lower values of shape 
parameters for LVL (c = 2,88) and GL (c = 2,43) is most probably a 
laminar structure of composites. 

5. Conclusion

The aim of this work is to determined the influence of high tem-
peratures on the wood and wood-base materials strength. Addition-
ally, based on experimental strength results, the analysis of survival 

probability in high temperatures ( 20–230 °C) has been carried out. 
Investigations were performed on the group of 204 samples (66 – 
LVL, 54 – GL, 42 – NTT and 42 – TT), in equal quantities in each 
group, specified by the temperature level. The test obtained static load 
and thermal treatment. The results lead to following conclusions: 

High temperatures influence on the decrease of studied materials 
residual strength. The highest residual strength has been obtained for 
thermally modified wood (TT). It seems possible that the preliminary 
thermal treatment favor strength maintaining in high temperatures. 

In case of non-treated spruce timber NTT and thermally treated TT 
the residual strength has been higher than in case of two wood-based 
composites (LVL and GL). Glued-laminated structure as a negative 
factor on behavior of these kind of materials under fire conditions 
should be considered.  

The standard deviation increase of bending strength results of LVL 
and GL materials has been observed in following temperature ranges. 
There is probability that the highest unpredictability strength increase 
of these materials occurs in temperatures which are similar to wood 
ignition temperatures. It was different in case of non-treated spruce 
timber. The highest increase of the standard deviation of strength has 
been observed in 150oC - in this temperature the process of hemicel-
lulose degradation is intensive.         

Based on the logarithmic distribution of failure probability in the 
temperature field, the higher values of shape parameter c of Weibull 
distribution have been obtained in case of spruce timber TT (the high-
est value c = 5.58) and NTT (the highest value c = 3.31). The lower 
value of scale parameter of Weibull distribution indicates a larger scat-
ter of the obtained results. The reason for the lower values of shape 
parameters for LVL (c = 2,88) and GL (c = 2,43) is most probably a 
glued-laminated structure, which does not improve material behav-
iour under fire conditions. 

The presented studies show that in case of non-thermal test group 
materials determination quotient has low values ( below 0,95). It may 
be result of non-linear decrease of materials properties in high tem-
peratures and increase behavior unpredictability. 
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