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Present research was dedicated to investigatiatrefigth of tim-
ber structures in fire conditions. Two kinds of ien specimens
were used: oak and pine.

Praca péwiecona jest badaniu wytrzymain ogniowej budynkéw
drewnianych. Do badauzyto prébek dwoch rodzajéw drewna:
debu i sosny.

1. Introduction

Many buildings and civil engineering works are ahhrisk of fire. Therefore,
accurate prediction of behaviour of the structwseljected to fire is of primary
importance for the evacuation of persons, as veeibathe safety of rescue teams.

Steel and concrete members [1,4,9] under fire H#aen extensively investi-
gated in last decades. However, far fewer invetitiga have been carried out on
timber structures [2, 3]. Wood is a perfect mateioa constructional purpose, but
has a shortcoming: wood is flammable. The firestasice of any wood structures
is determined by the fire resistance of its comptsdecause joints and nodes
between components provide no fire resistance.resistance of wood structures
depend on various factors, i.e. charring rate amatrmng shape, dimensions and
strength of the undamaged components.
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Wood combustion characteristics and the relatedhfazard are shown in Ta-

ble 1 [11].

The charring rate and the charred layer thicknesshe starting points for de-
termination of dimensions of the undamaged com=ngtfire time and for determi-
nation of temperature layout inside the core. Thesgracteristics are important
problems while determining the fire resistanceimber components by analytical

method.

Table 1.Wood combustion characteristics and related #&zahd
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The charring rate is depending on a number of factoch as: timber species,
timber density, moisture content, chemical compmsjttimber defects (e.g. fis-
sures). Charring rate also depends on: the agheaireen geometry (dimensions,
shape and surface quality), heat stream densitycpaponent surface area), heat
stream transport method to the specimen (radiatonyection and conduction),
heat operation type depending on the ignition solagout (one, two, three, four-
sided thermal exposition).

Particular attention was paid to the timber densiffjuence on the charring
rate. [18] is of opinion that timber species femtgra higher density range are spe-
cific for their lower charring rates.

Charring rate for various timber species are widlitgussed in references [11,
15, 19]. As well, a discussion on the reduced dhgnrate versus increased timber
moisture content is included.

Polish Standards (PN) does not cover the issuateceto the structure dimen-
sioning with regard to fire requirements. TherefBgocode 5 [6] is used in Po-
land to solve these problems.

Present research was dedicated to investigatistrerfigth of timber structures
in fire conditions. Two species of timber were usedk and pine. Investigation
included the following static test: tensile strangtompressive strength along fi-
bres, compressive strength across fibres and bgratiength. Specimens were
tested under the following temperatures: 50°C, €0Q50°C, 200°C and 230°C.

2. Calculation of charred layer thickness and core sength of timber structure
according to EC5 principles

The Eurocode 5 uses the term of ‘effective crossiea®, which means: cross-
section obtained by subtracting charred layer tiesk from the original cross-
section. Charred layer thickness can be calcukmddllows:

dchar = :Bt (1)

whered,

in minutes.

The timber charring rateg, in the standardized heat test is assumed constant
and independent from the charring process direclibe value off = 0.6 mm/min
was adopted for analytical calculations of fireis&sice. In practice, the charring
rate varied within 0.5 — 0.9 mm/min, and as muchLaam/min for component
corners [10].

is charred layer thickness in mghjs charring ratet is charring time
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Thickness of the layer of no mechanical strengtbukhbe determined by the
following expression:
def = dchar + dO KJ (2)

where d . is calculating by formula (1)d, =7 mm is thickness of additional
layer with no mechanical strengtky is coefficient taking from Eurocode 5 [6].

In practice, the effective core cross-section Ilgrgesembles oval due to
a higher charring rate for component corners. Tha& core cross-section was
taken into account in several proposed calculatiodels [5].

While calculating the bearing capacity for timberustures, the material
strength reduction due to the high temperature ldho taken into account. Two
issues should stand apart:

* temperature distribution inside the core;
* material strength reduction due to the temperagtiest.

Thanks to its porous structure (approx. 15% ofdswiaterial is created in tim-
ber pyrolysis), the charred layer features a lowt renductivity coefficient of
approx. 0.5 W/mK, thus limiting the access of bb#at and oxygen to the non-
charred structural component core, which reducets delays the temperature
growth inside the core. During the wood combustioocess, the thickness of the
superficial charred layer increases at the begmam quickly as the core dimen-
sions decrease, and then, this process slows dawrodthe protective properties
of the charred layer and due to the moisture ey into the material. Fig. 1
shows the temperature distribution across a piredoof 16 x 36 (mm) after
60 min.

—~
1234667 80m
1000°CHT—— .
500°CH
0°C —— H H
Net charred core
of section
e i
Charred part

Fig. 1. Temperature distribution across the board [10]
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It was determined by tests that the specimendlli&etping a sufficient bear-
ing capacity, temperature in the core middle da#serceed 100°C in most cases.
At the same time, the core has temperature up@dC20

The core temperature has a significant influencéhercomponent bearing ca-
pacity and fire resistance. For the standard fire,average core temperature can
be determined by the following formula [6]:

(1+ k%) 20+%((9)u -, )H] where

T l—ﬂ)(ﬁ_ﬁtf 2

1 =0.398%%; b andh are initial width and height of the element cresstion,
respectively;t; is fire duration timep is timber charring rate is coefficient ac-

counting number of sides for fire exposition:
* two-sidedk =0
¢ three-sidek = 0.25
* four-sidedk = 0.4
The later expression has good agreement withdesttrgiven in reference [13].
According to Eurocode 5, the core strength cardteutated by:

_ (kmodfi ka)

fia = Voo (3)

where f; , is reduced strengthy,, ; is partial safety coefficient for fire condition,
which is equal 1.0k is coefficient accounting safety level in fire cation, for

solid woodk; =1.25; f, is specific strength in normal conditiorls; ; is coef-
ficient accounting strength reduction due to higimperature.

3. Experimental investigation

Main objective of the test was to investigate iaflae of high temperature on
strength of timber structures. Test results weesgmted in the term of coefficients
making consideration for wood strength reductiomigh temperatures, which are
recommended for analytical calculation of fire sé@nce. Investigation included
the following static tests:

= Tensile strength;

= Compressive strength along fibres;

= Compressive strength across fibres;

= Bending strength.
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Static investigation was performed in The Main Ssghof Fire Service
(MSFS) in Warsaw, in the department of applied raeats. Special test stand was
manufactured for this investigation, which was pm heating chamber.

3.1. Thermal investigation

Before commencing the tests, a comparative theimvalstigation was per-
formed. Results of this test are shown in Fig.&st$ were made with Q500 thermo
gravimetric analyzer, which supports the substamemght change response with
temperature. Tests were performed in the atmosplogéreenvironment air.
The warming-up rate of 10°C/min was adopted.
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Fig. 2. Thermographic specimen analysis

It can be assumed for pine and oak wood specinmenshe thermal decompo-
sition begins at approx. 240°C. The thermal decaition is carried out in two
stages, this being related probably to the creatfancharred layer, which reduces
the thermal decomposition ratio for a certain titeegth. For pine wood, the
weight loss is quickest at temperature of 430°Censhs for oak wood — at 460°C.
The pine wood self-ignition temperature was deteediat approx. 400°C, and oak
wood — approx. 430°C. As the figures show, bothvesirfor both specimens are
very similar and located close to each other.
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3.2. Preparation of the test

Specimens were manufactured from timber withowgufiess. Dimension and
shape of the specimens were selected accordingguation. Specimens were
taking from pine and oak sapwoods. Figure 3 shtwsrtanner taking specimens
from sapwood.

(TARETE ) -

Fig 3. Specimens manufacture from sapwood

Compressive strength test

The specimens dimension was 20 x 20 x 30 mm (seé.FiThese specimens
were tested along and across its fibres directiOnsrall 720 elements were manu-
factured (360 for compressive strength test aldmgd$ direction and 360 for com-
pressive strength test across fibres direction).

Fig. 4. Specimens for compressive strength test

Bending strength test

The specimens dimension was 20 x 20 x 300 mm (gpebH. Overall 120
elements were manufactured.
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Fig. 5. Specimens for bending strength test

Tensile strength test

The shape of the specimens for tensile strengtlistshown in Fig. 6.
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Fig. 6. Specimens for tensile strength test

Tests were performed at the following thermal cbods:

Start temperature approx. 20 °C (room temperatwighin 50 °C - 230 °C.
Taken into account that temperature increasesdn$id undamaged component
core from 20 °C to 200 °C, and that the thermabdwgmosition begins at approx.
240 °C, test temperatures were selected as foflomthe determination of strength
reduction: 50 °C, 100 °C, 150 °C, 200 °C, 230 °C.

Preliminary tests were used for determination ef $ample heating program
in order to uniformly raise the whole sample malelemperature.

4. Analysis of test results

Strength test results were collected as averagétsesom 10 tests at high
temperatures for both wood species, and compardibse at 20 °C are shown in
Figures 7 — 10.
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The strength reduction versus temperature was etéfioy a linear function
y = ax+ b for both wood species. Figures 11 — 18 shows itheal regression

functions with reliability level curves; Table 2cindes data (inclination, offset) for
these functions, and correlation coefficients eqoiapprox. 1.
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Table 2. Comparison of regression function and correlatioefficients
for selected test type

Coefficients for regression function: Correlation
y=ax+b coefficient for
Test type Regression function Regression function strength versus
declination a declination b temperature
Nr coefficient coefficient relations
S - pine Specimen group Specimen group Specimen group
specimens
D — oak S D S D S D
specimens
1 Tension -0.262 -0.292 126.312 112.932 0.9872 3398
2 Bending -0.376 -0.445 120.696 124.096 0.9477 8M98
3 | Compression| 150 | 0233 | 55064 79.808 0.8598 0.9712
along fibre
4 | Compression 6101 506 | 6342 20.997] 09126 0.9793
across fibre
Table 3. Strength reduction coefficierit,,
. : Compression Compression
Temperature  Bending Tension along fibres across fibres
[°C]
Pine Oak Pine Oak Pine Oak Ping O4dk
20 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
50 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
100 0.7 0.7 0.8 0.8 0.8 0.8 0.8 0.9
150 0.6 0.5 0.7 0.6 0.7 0.6 0.6 0.6
200 0.4 0.3 0.6 0.5 0.6 0.4 0.5 0.5
230 0.3 0.2 0.5 0.4 0.5 0.3 0.4 0.4
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Based on the test result analysis, strength remtuctefficients,k , were

mod fi
proposed. These coefficients should be appliedc#éculations of wood elements
core strength in fire as required by Eurocode % ptoposed coefficients are in-
cluded in Table 3.

5. Concluding remarks

This study was conducted to investigate the fiststance of timber specimens
(pine and oak). The following conclusion can beagrérom this research:

= A significant influence of even small temperaturevgth on all strength types
was observed. From the point of view of fire resise evaluation, the temperature
rise in the range 100 up to 200 °C is important.

* Two selected wood species with different densiipdp- 539,0 g/crh oak -
750,0 g/cm) provided with very interesting results when conepiafrom the point
of view of their fire profiles (flammability) andeduction of strength as influenced
by high temperatures.

= Thermal analysis results showed that the fire @ef{(flammability) of both
wood specimens were similar. The thermal decomipoditegins at 240 °C in both
cases; the highest mass loss rate occurred atapf@® °C after 42 minutes (pine)
and at approx. 460 °C after 47 minutes (oak). Eikignition occurred at approx.
400 °C (pine) and 430 °C (oak). The TG and DTG esrwere similar to each
other.

= QOak specimens have an undisputable advantage me&specimens at hormal
as well as high temperatures for compressive dineagross grain; nevertheless,
tests proved that the strength reduction rate getesmperature was higher for oak
samples. For compressive strength along grain,spakimens has higher values
than pine within the entire temperature range, stihigher strength reduction rate
versus temperature was found also for oak specimens

= In case of tensile strength and bending strendtte gpecimens have better
properties over the entire temperature range. Adsahese strength types, oak
specimens show a higher strength reduction rate piree wood. Strength reduc-
tion comparison diagrams confirming these conchsiare shown in Figures
19 - 22.

= The above observations give reasons for stating thak specimens
(of a higher density than that of pine specimerscts with a quicker strength
reduction against rising temperature than pine. ihe specimens strength reduc-
tion against temperature is not as quick.

= For calculations of wood strength in fire temperesufor both wood kinds, we
propose to apply regression functions as shownignrés 11 — 18 or with data
included in Table 2. In all test types, the stréngiduction against rising tempera-
ture is of a linear character.
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= For the fire resistance evaluation of timber suites, we propose to apply the
strength reduction coefficient¥_ .., as listed in Table 3, for formula 3. These

coefficients were determined based on statistia@iutations of test results for pine
and oak specimens.

SUMMARY

Zoja BEDNAREK,
Mecislavas GRISKEMJIUS

INFLUENCE OF STRENGTH REDUCTION OF TIMBER IN FIRE
ON STRUCTURAL RESISTANCE

Present research was dedicated to investigatiatrefgth of timber structures in
fire conditions. Two kinds of timber specimens wased: oak and pine. Investiga-
tion included the following static test: tensileestgth, compressive strength along
fibres, compressive strength across fibres andibgratrength. Specimens were
tested under the following temperatures?G0100C, 150C, 200C and 236C.
The result shows that pine specimens have betpepies over entire temperature
range in case of tensile and bending strength. takts for these strength types oak
specimens shows a higher strength reduction rate pine specimens. Whereas
oak specimens have better properties over entirpdeature ranges in case of
compressive strength across fibres. Based ontatatianalysis the linear expres-
sion for strength reduction coefficient was progbse

STRESZCZENIE
Zoja BEDNAREK,
Mecislavas GRISKEMJIUS

WPLYW ZMNIEJSZENIA ODPORNO SCI OGNIOWEJ DREWNA
NA WYTRZYMALO SC BUDYNKOW

W badaniach zastosowano testy statyczne beelajasipujace cechy: odporrsé

na rozcaganie, wytrzymat&t nasciskanie zaréwno wzdi, jak i w poprzek wito-
kien, jak réwnie odpornd¢ na zginanie. Probki poddano testom w temperaturach
50 °C, 100 °C, 150 °C, 200 °C oraz 230 °C. Wyniki pokazue probki sosny
posiadaj lepsze wiaciwosci odporndci na rozcagania i zginanie we wszystkich
temperaturach. W badaniach pasgych odporngi probki ctbu wykazuy wigk-

sze zmniejszenie stopnia odpadcioanizeli probki sosny. Jedna& prébki atbu
maja lepsze cechy odporéa nasciskanie w poprzek widkien we wszystkich tem-
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peraturach. Opierag sk na analizie statystycznej zaproponowano linioweansr
nie dla wspoéfczynnika zmniejszenia odpaio
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