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Abstract. The emission of toxic gaseous combustion products from timber constructions influences on the time required
for evacuation of people from a building during a fire. In order to prolong the time interval until inflammation of timber
constructions, fire retardant solutions are used. It is relevant and very important to determine how the emission of toxic
gaseous combustion products from pine timber non-treated and treated with fire retardant solutions used in Lithuania dif-
fers during thermal destruction. Measuring carbon monoxide (CO) emissions, the paper focuses on toxicity analysis de-
termined by nonstandard and standard research methods of smouldering and flaming pine timber, both non-treated and
treated with fire retardant solutions. The description comprises specimens used in research and their preparation, non-
standard and standard research equipment and methods determining toxicity of smouldering and flaming pine timber, both
non-treated and treated with fire retardant solutions. The article presents the analysis of experimental results processed by

statistical methods.

Keywords: pine timber, smouldering, flaming, toxicity, carbon monoxide.

1. Introduction

Timber is one of the main building materials, long-time
used in construction as well as most widely applied.
There are many building materials produced from raw
materials however many villagers live in wooden build-
ings. Many household buildings are wooden (Nagrodzka,
Maloziec 2011; Teischinger 2010).

Use of timber in construction is limited due to easy
flammability and quick spreading of fire. Even at the
temperature of 300 °C timber under thermal destruction
emits a sufficient amount of flammable gas causing in-
flammation and combustion (Drysdale 1998).

Timber combustion is a complicated process. Ther-
mal destruction of timber has been analysed and present-
ed thoroughly by a number of authors (Jeguirim, Trouvé
2009; Windeisen, Wegener 2008; Hosoya et al. 2007,
Frey et al. 2009). Two types of timber combustion may
be distinguished: smouldering and flaming. The first one
is considered to be more dangerous as it remains invisible
for a period of time. Besides, smouldering results in
greater emissions of toxic gaseous combustibility prod-
ucts. The intensity of combustibility, the quality and
quantity of the emitted toxic gaseous combustibility
products depend on the type of timber, its moisture, and
circumstances of combustion (Stec, Hull 2010).

Combustion produces smoke — the mix of gas,
fumes and soot. Researches prove that toxic gaseous
combustibility products that are found in smoke impede

breathing, reduce range of visibility and prolong time
needed for evacuation of people (Papinigis et al. 2010;
Tserng et al. 2011). It poses 60—80% of all deaths in fires.
During the last five years, on an average 262 people died
in fires in Lithuania annually (Brushlinsky et al. 2012). In
2011, 8 people per 100 thousand people died in fires in
Lithuania. This indicator is one of the highest among the
European Union countries. In 2008 and 2011, in terms of
this indicator Lithuania overtook Latvia and Estonia (Fire
and Rescue Analysis 2012).

According to the fire safety requirements, the com-
bustibility of timber constructions in a building must be
reduced. Usually, the combustibility of timber construc-
tions is reduced by treating them with fire retardant solu-
tions (Wang et al. 2008). During combustion, the temper-
ature of timber treated with fire retardant solutions is
lower, the layer of carbon is thicker, the rapidity of heat
emission and weight reduction is decreased (Jiang et al.
2010; Hagen et al. 2009).

Timber (Sautiuvénas efal. 2011; Kéngsepp et al.
2011; Magiulaitis, Praniauskas 2010; Bednarek et al.
2009; Juodeikiené 2009; Bednarek, Kaliszuk-Wietecka
2007), fire retardants (Glenn et al 2012; Babrauskas
et al. 2011; Galaj et al. 2011a; Grigonis et al. 2011; Kar-
povi¢ et al. 2010; Karpovi¢ 2009; Vobolis, Albrektas
2009; Pereyra, Giudice 2009; Pétka 2008), timber treated
with fire retardant solutions in connection with its toxici-
ty during combustion (Galaj ef al. 2011b; Sukys, Kar-
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povi¢ 2010; Karpovic, Sukys 2009; Paul et al. 2008; L.es—
tari et al. 2006) and computer modelling for combustion
(Capote et al. 2012; Keshavarz ef al. 2012; Fouladgar
et al. 2012; Vaidogas et al. 2012; Cheng, Hadjisopho-
cleous 2011; Galaj 2009) have been already analysed in
the field of fire safety. However the toxicity of smoulder-
ing and flaming pine timber which is non-treated and
treated with fire retardant solutions has not yet been stud-
ied within an integrated approach. This issue is very im-
portant in Lithuania and globally. Toxicity of constr}lc-
tion products and (or) interior decoration products during
fire is regulated in few countries (Gann ef al. 2011). The
toxicity of construction products in Lithuania is not regu-
lated either. Such research and analysis could open up
opportunities for making required decisions in order to
reduce number of victims in fires.

The aim of the work: using nonstandard and stand-
ard research equipment and methods, to determine the
toxicity by assessing CO of smouldering and flaming
pine timber, both non-treated and treated with fire retard-
ant solutions.

2. Specimens, research equipment and research
methods

Pine timber specimens non-treated and treated with fire
retardant solutions used in tests were cut from defect-free
(i.e. crack-free) pine timber boards of 0.2 m in width,
0.02 m in thickness and 530 kg/m3 of average density.
Pine timber boards were naturally dried to humidity of
less than 15%. It was treated with fire retardant solutions
Flamasepas-2 and BAK-1 (with K,CO; as the main com-
ponent) according to the recommendations of the produc-
ers, i.e. brushing the surface with not less than 500 ml/m?
of the fire retardant solution. To ensure fire retardant
solutions do not evaporate and penetrate the treated tim-
ber as deeply as possible, surfaces of the pine timber
boards were covered with foil for 24 hours. The pine
timber boards treated with fire retardant solutions were
naturally dried to humidity of less than 15%.

The fire retardant solutions Flamasepas-2 and BAK-
1 (hereinafter — A and B) used for the treatment of timber
have been certified and used in Lithuania.

This research was performed for three groups of
specimens:

— pine timber specimens non-treated with fire re-

tardant solutions;

— pine timber specimens treated with the fire re-

tardant solution A;
— pine timber specimen treated with the fire retard-
ant solution B.

The nonstandard research on toxicity of smoulder-
ing pine timber — both non-treated and treated with fire
retardant solutions — was performed in the Main School
of Fire Service in Warsaw. The research equipment for
toxic combustions products emitted from solid materials
after the impact of a heat flux was used (Fig. 1).

The aforementioned equipment can be used to de-
termine toxic combustibility products and their quantity
emitted while affecting a specimen with different heat
fluxes. The possible range of a heat flux was from 2 to

80 kW/m?. The necessary condition for the research was
set: thermal destruction had to proceed without breaking
into flames, i.e. the tested specimens had to be smoulder-
ing. Two heat fluxes — one of 8 kW/m? and another of
10 kW/m? — were used in this research. By affecting the
specimen with heat fluxes of 8 kW/m? and 10 kW/m?, ﬂ?e
conditions were established for the emission of the main
amount of toxic combustion products. At the heat fluxes
of less than 8 kW/m?, the temperature on the specimens
did not reach 160 °C; while at the heat fluxes higher than
10 kW/m?, the specimens inflamed.

Fig. 1. Research equipment for toxic combustion products emit-
ted from solid materials affected by a heat flux

5 specimens in every group were tested. The time-
scale for one test course was up to 55 min. The dimen-
sions of the specimens were 0.2x0.2x0.02 m.

The standard research on toxicity of smouldering
pine timber — both non-treated and treated with fire re-
tardant solutions — was performed in the Main School of
Fire Service in Warsaw using the cone calorimeter that
corresponds to the requirements of the ISO 5660-1:2002
standard. The cone calorimeter is depicted in Fig. 2.

Before each of the tests, a specimen of 0.1x0.1x
0.02 m dimensions was weighted and folded in foil ex-
cept for the surface exposed to a heat flux. The prepa:re@
specimen was placed in the special frame, which was laid
onto the scale under the heating cone.

Fig. 2. A view of the cone calorimeter
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5 specimens in every group were tested. During the
tests, the specimens were affected by the heat flux of
30 kW/m?. No piloted ignition was used. Affecting the
specimens with the given heat flux and with no piloted
ignition, the conditions for smouldering were established
and the temperature on the surface of the specimens did
not exceed 270 °C. The duration of each toxicity test of
the smouldering pine timber non-treated and treated with
fire retardant solutions amounted to 15 min.

The nonstandard research on toxicity of flaming
pine timber — both non-treated and treated with fire re-
tardant solutions — was performed in the Main School of
Fire Service in Warsaw. The confined cabin containing
the research equipment was used. The interior of the con-
fined cabin is depicted in Fig. 3.

,.
|
|
|

Fig. 3. Interior of the research equipment

The two walls of the cabin of 5x5x2.8 m were made
of aluminium and glass. The other two brick walls were
covered with ceramic tiles. The measuring equipment for
CO concentration was located in the cabin. During the
research, the concentration of CO was measured by nine
electrochemical sensors of “ALTER SA MG 72” type,
accurate to 1 ppm. The sensors were mounted on three
columns at three heights in the research cabin: 0.35 m,
1.4 m and 2.5 m. The scheme of the vertical and horizon-
tal positioning of the sensors measuring CO concentra-
tion in the research cabin is depicted in Fig. 4.

During each test, a steel tray with three specimens
was placed inside the unventilated research cabin and
combusted so that the flame could affect the surface of
the specimens treated with fire retardant solutions. The
specimens were combusted by pouring and firing up 0.4 /
of denatured alcohol in the steel tray. During every test,
the steel tray with specimens was placed in the same
place of the test cabin near the back wall.

9 specimens in every group were tested. The dimen-
sions of the specimens were 0.2x0.2x0.02m. After in-
flammation of a specimen, the doors of the cabin were
closed. During the tests, the changes in CO concentration
level were measured and saved in different points of the
test cabin every 5 s. When fire parameters stopped altering,
the ventilation system was started and the test was closed.

10
A
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Fig. 4. Scheme of vertical (a) and horizontal (b) positioning for
the sensors measuring CO concentration, installed on A, B and
C columns (numbers — in cm; DO — burning object)

The standard research on toxicity of flaming pine
timber non-treated and treated with fire retardant solutions
was performed in the Main School of Fire Service in War-
saw. The cone calorimeter that corresponds to the require-
ments of ISO 5660-1:2002 standard was used. The descrip-
tion of the cone calorimeter and research methods for the
determination of toxicity of flaming pine timber — both
non-treated and treated with fire retardant solutions —
which was described above was the same as the standard
research methods used for testing smouldering pine timber,
both treated and non-treated with fire retardant solutions.

During the tests of flaming timber, the specimens
were affected by the heat flux of 30 kW/m? together with
piloted ignition of 10 kV. Affecting the specimens with
the given heat flux together with piloted ignition, the
conditions for flaming were established.

The piloted ignition source was formed from two
parallel electrodes located at the height of 1 cm above the
surface of a specimen. The electrodes were attached to
the mechanism of piloted ignition, which regulates the
electrodes to approach the surface of the specimens and
to distance from it. When approaching the surface of the
specimens, the electric current was transmitted through
the electrodes at a fixed periodicity. It created a spark at
the ends of the electrodes.

Subjected to time, the obtained results of toxicity of
smouldering and flaming pine timber — both non-treated
and treated with fire retardant solutions — determined by
nonstandard and standard research equipment were ana-
lysed statistically. The arithmetic averages were devel-
oped to the statistical selections of the results x;, x,, .... X,
(Sakalauskas 2003).

- - . o
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The arithmetic averages of the statistical selections
of the results were processed using the programme
“Statistika 8”. The negative exponential function high-
reflecting test results was applied. The correlation coeffi-
cients r and linear and non-linear curve regression equa-
tions formed by the programmes “Statistika 8” and “Ta-
bleCurve 2D” are also presented (Sakalauskas 2003;
Kleiza 2003).

3. Experimental results and discussion

The results of the nonstandard research on toxicity of
smouldering timber

The average emission of CO depending of the heat flux
and the specimens is shown in Figs 5-6.

Affecting pine timber specimens with the heat flux of
8 kW/m? in 300 s on the average, after the surface tem-
perature of the specimen reached the average of
140 °C, the sensor started registering CO (Fig. 5). The
temperature was reached at which pine timber specimens
emitted CO during thermal destruction.

Affecting pine timber specimens treated with the
fire retardant solution A with the heat flux of 8 kW/m? in
420 s on the average, after the surface of the specimen
reached the mean temperature of 165 °C, the sensor start-
ed registering CO (Fig. 4). Affecting pine timber speci-
mens treated with the fire retardant solution B by the heat
flux of 8 kW/m? in 365 s on the average, after the surface
of the specimen reached the mean temperature of 156 °C,
the sensor started registering CO (Fig. 5). Due to the
protective features of fire retardants to impede gas emis-
sion during thermal destruction, the emission of CO from
pine timber specimens treated with the fire retardant solu-
tions A and B started after a longer period of time and at
a higher surface temperature as compared to the emission
of CO from the non-treated pine timber specimens.

Affecting the non-treated pine timber specimens
with the heat flux of 10 kW/m® in 170 s on the average,
after the surface of the specimens reached the mean tem-
perature of 135°C, the sensor started registering CO
(Fig. 6).

Affecting pine timber specimens treated with the
fire retardant solution A with the heat flux of 10 kW/m®
in 270 s on the average, after the surface of the specimen
reached the mean temperature of 170 °C, the sensor start-
ed registering CO (Fig. 6).

Affecting pine timber specimens treated with the
fire retardant solution B by the heat flux of 10 KW/m? in
300 s on the average, after the surface of the specimen
reached the mean temperature of 178 °C, the sensor start-
ed registering CO (Fig. 6).

Increasing the heat flux and the speed of tempera-
ture rise, the emission of CO during thermal destruction
from pine timber specimens non-treated and treated with
fire retardant solutions started after a shorter period of
time.

At the beginning of the tests, pine timber specimens
treated with the fire retardant solutions A and B emitted
CO more intensely as compared to the non-treated pine
timber specimens in the period up to 2700 s (8 KW/m?)
and up to 1900 s (10 kW/m?). However, this emission
altered insignificantly after 1500 s at 8 kW/m?, when the
surface of the specimens reached the mean temperature of
211 °C and after 1000 s at 10 kW/m” when the surface of
the specimens reached the mean temperature of 260 °C.
The emission of CO from non-treated pine timber was
growing during the entire research (Figs 5-6).

In the course of the tests during the initial 2700 s, the
non-treated pine timber specimens affected by the heat flux
of 8 kW/m? emitted 2.8 times less CO; and during the ini-
tial 1900 s, the non-treated pine timber specimens affected
by the heat flux of 10 kW/m? emitted 3.1 times less CO as
compared to the pine timber specimens treated with the fire
retardant solutions A and B (Figs 5-6).
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Fig. 6. Average emissions of CO from tested specimens and alternation of average temperature on the surface of tested specimens
affected by heat sources of 10 kW/m? subjected to time: (1) — non-treated pine timber specimens; (2) — pine timber specimens treated

with A; (6) — pine timber specimens treated with B

The fire retardants reduced the temperature on the
surface of the specimens and the delivery of oxygen to
the pyrolisis zone. It increased the emission of CO —
thermal destruction product of partial oxidation — at the
beginning of the tests. In the course of the tests, the emis-
sion of CO from the pine timber specimens treated with
the fire retardant solutions A and B as compared to the
non-treated pine timber specimens altered insignificantly.
The protective features of fire retardants impeded the
penetration of temperature to the deeper layers of timber
and stopped the emission of thermal destruction gas.

Comparing pine timber specimens treated with the
fire retardant solution A with specimens treated with the
fire retardant solution B, pine timber specimens treated
with the fire retardant solution A affected with the heat
flux of 8 kW/m® emitted on average 1.2 times more CO
than pine timber specimens treated with the fire retardant
solution B. Pine timber specimens treated with the fire
retardant solution A affected by the heat flux of 10 kW/m?
emitted on average 1.1 times more CO than pine timber
specimens treated with the fire retardant solution B
(Figs 5-6). The difference in the emission of CO depended
on the unequal microscopic structure, inequality in wood
tar content and in the composition of fire retardants.

The results of the standard research on toxicity
of smouldering timber

The average alternation of CO concentration de-
pending on the specimens is depicted in Fig. 7.

At the beginning of the research concentration of CO
for pine timber specimens treated with the fire retardant
solutions A and B in the period up to 300 s was growing
intensely. After 300 s the concentration of the CO for pine
timber specimens treated with the fire retardants A and B
was changing insignificantly and did not exceed the value
of 0.13 kg/kg (kg/kg — the fraction of CO mass to the mass
of air). In the period up to 350 s, pine timber specimens
treated with the fire retardant solutions A and B as com-
pared to the non-treated pine timber specimens obtained
the highest concentration of CO due to the same reason as
mentioned above. The concentration of CO for non-treated
pine timber specimens was growing during the entire re-
search and reached the value of 0.16 kg/kg (Fig. 7).

The highest concentration of CO for pine timber
specimens treated with the fire retardant solutions A and
B was about 20% lower than the highest concentration of
CO for the non-treated pine timber specimens. During the
initial 350 s the concentration of CO for pine timber spec-
imens treated with the fire retardant solutions A and B
was about 20% higher than the concentration of CO for
the non-treated pine timber specimens (Fig. 7).

Comparing pine timber specimens treated with the
fire retardant solution A with specimens treated with the
fire retardant solution B, the concentration of CO for pine
timber specimens treated with the fire retardant solution
A was on average 1.1 times lower than the concentration
of CO for pine timber specimens treated with the fire
retardant solution B (Fig. 7).

The results of the toxicity of the nonstandard research on
toxicity of flaming timber

The average concentration of CO near the burning
object, measured by the sensor mounted on the B column
in the centre of the cabin at the height of 1.4, depending
on the specimens is depicted in Fig. 8.

At the beginning of the research, in the period up to
260 s, the concentration of CO for all groups of pine tim-
ber specimens grew intensely. After 260 s, the concentra-
tion of the CO for pine timber specimens treated with the
fire retardant solutions A and B altered insignificantly
and did not exceed the value of 6x10~° kg/kg. The con-
centration of CO for the non-treated pine timber speci-
mens grew during the entire research and reached the
value of 7.2x107° kg/kg (Fig. 8).

During flaming of the non-treated pine timber speci-
mens, the sensor started registering CO during initial se-
conds of the tests. In the case of the flame combustion of
pine timber specimens treated with the fire retardant solu-
tions A and B, the sensor started registering CO after 62 s
on the average (Fig. 8). Due to the protective features of
fire retardants, the emission of CO from pine timber spec-
imens treated with the fire retardant solutions A and B
started after a longer period of time comparing with the
emission of CO from the non-treated pine timber speci-
mens.
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The highest concentration of CO for pine timber
specimens treated with the fire retardant solutions A and
B was on average 1.2 times lower than the highest con-
centration of CO for the non-treated pine timber speci-
mens. During the initial 180 s the concentration of CO for
pine timber specimens treated with the fire retardant solu-
tions A and B was averagely 1.4 times lower than the
concentration of CO for the non-treated pine timber spec-
imens. At the time interval of 180-460 s the obtained
concentration of CO for pine timber specimens treated
with the fire retardant solutions A and B was 1.2 times
higher than the concentration of CO for the non-treated
pine timber specimens (Fig. 8). .

Comparing pine timber specimens treated with the
fire retardant solution A with specimens treated with the
fire retardant solution B, the concentration of CO of pine
timber specimens treated with the fire retardant solut%on
A was on average 1.2 times lower than the concentration
of CO for pine timber specimens treated with the fire
retardant solution B (Fig. 8).

The results of the standard research on toxicity
of flaming timber

The average alternation of CO concentration de-
pending on the specimens is depicted in Fig. 9. .

At the beginning of the tests in the period up to
200 s, the concentration of CO for pine timber specimens
treated with the fire retardant solutions A and B grew
intensely and reached 0.019 kg/kg and 0.022.kg/kg re-
spectively. After 200 s, the average concentration of CO
for pine timber specimens treated with the fire ret?.rdant
solutions A and B began reducing. The concentration of
CO for the non-treated pine timber specimens was grow-
ing up to 400 s on the average and did not exceed the
value of 0.005 kg/kg (Fig. 9). .

The highest concentration of CO for pine timber
specimens treated with the fire retardant solutions A and
B was on average 4.4 times higher than the highest con-
centration of CO for the non-treated pine timber speci-
mens. During the research, the concentration of CO for
pine timber specimens treated with the fire retardant solu-
tions A and B was on average 1.8 times higher than the
concentration of CO for the non-treated pine timber spec-
imens (Fig. 9). The fire retardants reduced the deliv&?rx of
oxygen to the pyrolisis zone by increasing the emission
of thermal destruction product of partial oxidation — CO.



606 Z v IR . . . .
. Karpovic et al. Toxicity research of smouldering and flaming pine timber treated with fire retardant solutions
0,025 . a
@) ™\ Pine (1)
| -~ . Pine A(2)

0,020 - P S ~ Pine B (3)
= P APPTE Ll Sereeael. RN &
g ,, ______ o (1)y = 0.0046 — 5.077*10"'%x3; r = 0.853
% vors| e RN (2)y = 0.0166 — 1.482*10°%x? ; r = 0.865
50 - ~~z\\‘ (3)y =0.0175- 1.63*10%x?; r = 0.8745
© 77 NI
= 4 N Tt
§ N
S 0,010 Kl So T
o H Seaol TR e 7
Q 7 S i
) I S~ ST S

£ T e e R
0005 7 (1>
J
7
7
0,000 .
0 100 200 300 400 500 600 700 800 900
Time [s]
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Comparing pine timber specimens treated with the
fire retardant solution A with specimens treated with the
fire retardant solution B, the concentration of CO for pine
timber specimens treated with the fire retardant solution
A was on average 1.1 times lower than the concentration
of CO for pine timber specimens treated with the fire
retardant solution B (Fig. 9). The difference in the emis-
sion of CO depended on the unequal microscopic struc-
ture, inequality in wood tar content and in the composi-
tion of fire retardants.

4. Conclusions

1. The beginning of the emission of CO from
smouldering pine timber non-treated and treated with fire
retardant solutions depends on the temperature and time
at which it starts emitting. On average, the emission of
CO from pine timber treated with fire retardant solutions
starts after a 1.5 times longer time period after the begin-
ning of the test and at the temperature is on average 1.2
times higher as compared to the non-treated pine timber.
This is explained by the protective features of fire retard-
ants to stop the emission of thermal destruction gas from
pine timber treated with fire retardant solutions.

2. During smouldering of pine timber non-treated
and treated with fire retardant solutions:

— fire retardants reduce the temperature on the sur-
face of timber and the delivery of oxygen to the
pyrolisis zone by increasing the emission of CO;

— the emission of CO from treated smouldering
pine timber is higher during the initial seconds of
the test than the emission of CO from the non-
treated smouldering pine timber;

— during the test the emission of CO from pine tim-
ber treated with fire retardant solutions alters in-
significantly while the emission of CO from the
non-treated pine timber intensifies;

— on average, pine timber treated with the fire re-
tardant solution A emitted 1.2 times more CO
than pine timber treated with the fire retardant so-
lution B (nonstandard research equipment);

— on average, pine timber treated with the fire re-
tardant solution A emitted 1.1 times less CO than
pine timber treated with the fire retardant solution
B (standard research equipment).

3. The results of toxicity research obtained using
nonstandard research equipment on flaming pine timber
non-treated and treated with fire retardant solutions
showed that:

— on average, the emission of CO from the non-
treated pine timber starts at the beginning of the
test while from pine timber treated with fire re-
tardant solutions starts after 62 s from the begin-
ning of the test;

— during the initial 180 s the emission of CO from
pine timber treated with fire retardant solutions is
1.4 times lower than from non-treated pine tim-
ber;

— at the time interval of 180460 s the emission of
CO from pine timber treated with fire retardant
solutions is 1.2 times higher than from the non-
treated pine timber;

— the concentration of CO for flaming non-treated
pine timber grows during the entire test while the
concentration of CO for pine timber treated with
fire retardant solutions alters insignificantly after
260 s.

4. The results of toxicity determined by the standard
research equipment on flaming pine timber non-treated
and treated with fire retardant solutions prove that the
emission of CO from pine timber treated with fire retard-
ant solutions is 4.4 times higher than from non-treated
pine timber.

5. Flaming pine timber treated with the fire retardant
solution A emitted on average 1.15 times less CO than
pine timber treated with the fire retardant solution B.

6. While performing tests using the standard and
non-standard research equipment, at the beginning of the
tests the emission of CO from smouldering and flaming
pine timber treated with fire retardant solutions is higher
than from the non-treated pine timber. This is subjected
to the reason that fire retardants reduce temperature on
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the surface of the specimens and the delivery of oxygen
to the pyrolisis zone.

7. The correlation coefficient r used for data analy-
sis and defining the strength of dependence between
curves and regression equations has shown that correla-
tion link is strong enough. The lowest value of the corre-
lation coefficient r is 0.853.
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Abstract. Fire safety is one of the main requirements with respect to the regulations on the buildings invol-
ved into the category of human hazards. Human safety measures are applied equally to inhabitants, users,
customers, spectators, etc., as well as to fire brigades taking part in the activities connected with rescue
actions. Methods for emission research were applied to estimate thermo-kinetic parameters related to smo-
ke and toxic gases. The methods fall into two types: full scale methods reflect fire conditions and small la-
boratory scale methods having a significantly lower degree of reflection. This paper presents the results of
studies on the influence of BAK-1 and Flamasepas-2 fire retardants produced in Lithuania and applied for
timber on the selected parameters of the fire environment. Experimental studies were conducted using a
cone calorimeter (small scale) in the closed compartment equipped with measuring devices (full scale). The
undertaken studies have demonstrated that considering some parameters, such as heat release rate (HRR),
a positive effect of the lower amount of the released heat can be obtained. Unfortunately, in case of the ma-
jor part of the studied parameters, including time to ignition, CO concentration and extinction parameter
reflecting smokiness, worse results (shorter time, higher CO values and higher extinction coefficient) have
been observed for the treated timber rather than for the non-impregnated one. The obtained results have
showed combustion with piloted ignition. In case of no piloted ignition, the results were slightly different.
For all studied specimens treated with fire retardants, no ignition was observed and tests were terminated
following 15 minutes. CO concentration and extinction parameter (smokiness) were higher for non-impre-
gnated timber. Full scale experiments have confirmed the above provided information; moreover, it has been
found that the application of fire retardant has no significant impact on temperatures in the compartment.

Keywords: pine timber, fire retardant, treatment, fire, toxicity, heat source, combustion product, carbon
monoxide.

1. Introduction - toxic combustion products,

Fire is an out-of-control phenomenon creating a direct - flame and high temperature (heat),

danger to human’s health and life. There are factors to - reduction in oxygen concentration,

be encountered that endanger not only people inside - instability of constructions,

the building but also those performing rescue works - reduced visibility (smoke).

during fire occurrence. These factors include (Buhanan Each of the above introduced factors and its ef-
2002; Kolbrecki 2000): fect on escape behaviour is briefly discussed below.
http://www.skt.vgtu.lt
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Time available for escape is a period between the time
of ignition and that following conditions preventing
occupants from safe evacuation. In the United States
of America and Great Britain, more than 50% of all
deaths in fires have been caused by toxic combustion
products constituting smoke (Stec, Hull 2010; Brush-
linsky et al. 2009).

Unfortunately, this opinion is not sufficiently
stressed in fire studies, standards and other legal docu-
ments. For instance, in building standards, fire models
are based on the structural properties of the building,
building materials and evacuation routes. Recently,
though the effect of finishing materials has been as-
sessed, the impact of toxic combustion products has
not been sufficiently and accurately considered. Time
to ignition, heat conductivity, flame propagation, and in
some cases, smoke produced of building materials have
been taken into account. The above mentioned parame-
ters connected with the fire hazard of building materials
can be obtained performing standard tests. The toxicity
of building materials can be determined by applying
other standards, depending on legal documents valid
in the given country or region. For instance, in Europe,
the classification of building materials based on reac-
tion to fire is obligatory (EN 13501), which does not
consider the emission of combustion products during
fire. The impact of toxic combustion products is taken
into account in fire models by means of transportation.
For example, the International Maritime Organization
(IMO) classifies finishing materials applied in ships ac-
cording to the toxicity of the emitted fire smoke (IMO
1998). Similar requirements with regards to toxicity
evaluation during fire are used for finishing materials
in aircrafts (Airbus Industry document ABD0031).

Generally, it can be concluded that still there are
no standards or other legal documents including regu-
lations regarding fire smoke toxicity generated during
the fire in the building (Gann 2004).

Gaseous combustion products form a toxic mix-
ture from smoke during fire, which has a big influence
on time required for evacuation from the building.
Smoke significantly reduces visibility and obstructs
breathing. The most important combustion product,
with regards to which toxicity is estimated, is carbon
monoxide (Tewarson 2002; Tuovinen 2002). The re-
sults of material combustion and release of gaseous
combustion products described in literature often
consider small scale methods. However, in order to
validate them, they should be compared with the study

results obtained in a full scale and under real condi-
tions prevailing during fire (Stec, Hull 2010). Peacock
et al. (2004) have stated that toxic combustion prod-
ucts emitted during real fire are rarely described and
found in literature (Hansen 2002; Konecki 2007).

The determination of risk to human’s health and
life is caused by material effects during fire and is cru-
cial from the stand point of fire safety engineering.
A correct estimation of the concentration of gaseous
products during real fires in a full scale is not easy.
The results currently taken into account significantly
differ from those occurring during fires. Laboratory
studies conducted in a small scale usually are suitable
for comparing emitted combustion products.

In the recent decades, the number of studies con-
ducted in a full scale has significantly decreased. Tak-
ing into account the whole range of full scale studies,
only in a few cases (see a list below), concentrations of
combustion products are obtained (Stec, Hull 2010):

a) ISO 9705: “Room corner test”;

b) ISO 24473: “Open calorimeter”;

¢) EN 13823: “Single burning item” (SBI);

d) IEC 60332-3-10/EN 50266-1: “Large scale cable

test”;

e) IMO: “Fire test of a fixed gaseous fire extin-

guishing system” and IMO: “Sprinkler test”.

All the above mentioned methods can be modi-
fied; for example, to determine larger quantities of gas-
eous combustion products. Full scale studies described
above belong to standard studies. There are other full
scale studies estimating risk emerging in the buildings
during different types of fires: fire in the room with
furniture (Konecki 2007), fire in the hospital, propa-
gation of gaseous combustion products in corridors
(Robinson et al. 2007; Hertzberg et al. 2005), fire in
transportation (Hammarstrom, Axellson 2008; Arvid-
son et al. 2008), fire in industry (Blonqvist, Persson
2008; Persson, Blonqvist 2007) etc.

The consequences of fire such as extinguishing
before spreading may be reduced by performing ef-
fective prevention actions during the emergence of
fire (Buhanan 2002). One of the possibilities of imple-
menting effective prevention is the usage of materials
protecting from the impact of fire, i.e. fire retardants
(Ozkaya et al. 2007; Gu et al. 2007). For building ma-
terials, i.e. timber constructions impregnated with fire
retardants, time to flame combustion is longer and
flame propagation rate is lower (Karpovi¢ 2009a; Gu
et al. 2007). The field of fire protection examines fire
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resistance of ceramics (Abraitis, Stankevicius 2007;
Zurauskiene, Nagrockiené 2007), concrete (Chung
et al. 2007; Abramowicz, Kowalski 2007), ferro-con-
crete (Zavalis, Sneideris 2010; Bednarek, Ogrodnik
2007), steel (Bednarek, Kamocka 2006), the applica-
tion of the zone model for investigating the combus-
tion of different flammable materials (Gataj 2007), the
combustion of polymeric materials (Konecki, Pétka
2009) as well as the impact of isolating materials on
timber strength (Bednarek, Kaliszuk-Wietecka 2007),
the combustion of timber treated with fire retardants,
the effectiveness of fire retardants (Karpovi¢ 2009b;
Pétka 2008), the hazardousness of pine timber and
cork-oak while fuming (Karpovi¢, Sukys 2009), the
variability of charring along wooden wall studs (Just,
Tera 2010) and reaction-to-fire of nine different wood
species having different density and thickness (Harada
2001). Lewin (2005) emphasized the need for research
on timber treated with fire retardants. There are many
unanswered questions concerning the protection of
timber against fire. One of the above discussed issues is
the toxicity of timber impregnated with fire retardants
during thermal degradation. The toxicity of timber im-
pregnated with fire retardants has been partly analysed
in work by Sukys and Karpovi¢ (2010).

The present paper presents a sequence of studies
on the influence of fire retardant agents in a form of
two types of fire retardants BAK-1 and Flamasepas-2
applied for timber produced in Lithuania. The aim of
this work was to conduct small scale studies using a
cone calorimeter and full scale studies applying the
closed compartment and suitable measuring equip-
ment. The main objective of analysis was to compare
the values of fire parameters (HRR, CO concentration,
extinction coefficient etc.) selected during the combus-
tion of non-impregnated and impregnated pine timber
using two above mentioned fire retardants and em-
ploying two methods.

The authors have focused on drawing a conclu-
sion of applying some fire retardants for pine timber
used for building engineering based on the conducted
studies.

2. Small Scale Tests: Tested Materials
and Testing Methods

Small scale tests were performed in the Main School of
Fire Service using a cone calorimeter (open test). The
testing method using the cone calorimeter is based on
the fact that the total combustion heat is essentially
proportional to the amount of oxygen required for
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combustion. The calculated ratio shows that the use of
1 kg of oxygen releases 13.1x10° kJ of heat.

To investigate the influence of impregnation on
combustion properties, tests for the following three
main groups of specimens were performed:

- non-treated pine timber,

- pine timber treated with fire retardant Flama-

sepas-2,

- pine timber treated with fire retardant BAK-1.

Fire retardants applied for the treatment of pine
timber specimens were manufactured and used in
Lithuania.

The dimensions of all specimens were
100x100x20 mm. Each specimen was exposed to the
surface heat source of 30 kW/m?2. The tests were per-
formed two times (with and without piloted ignition)
for the same type of timber.

The samples were tested in a horizontal position.
For each specimen, the following values were obtained:
time to ignition (TTI [s]), maximum heat release rate
(HRR_ ., [kW/m?2]), time to maximum heat release
rate (Tyyprmayx [8])> total heat released (THR [M]J/m?]),
mass loss rate (MLR [g/s]), specific smoke extinction
area (SEA [m?/kg]) and efficient heat of combustion
(EHC [M]/kg]). Besides changes in HRR, mass loss,
the concentration of oxygen, carbon monoxide, diox-
ide etc. were obtained. General views of the cone calo-
rimeter and specimens before and during the tests are
shown in Figs. 1-3.

Fig. 1. A cone calorimeter
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Fig. 3. Pine timber specimen during the experiment

3. Small Scale Test Results and Analysis

Maximum values and corresponding times for non-
treated and treated pine timber specimens of combus-
tion parameters such as HRR (heat release rate), EHC
(effective heat combustion), MLR (mass loss rate),
SEA (specific extinction area), COy (carbon monoxide
yield) and CO,, (carbon dioxide yield) are given in Ta-
ble 1 to show combustion with piloted ignition and in
Table 2 to indicate combustion without piloted igni-
tion. In addition, time to ignition, the mean values of
the parameters mentioned above, the total oxygen con-
sumed, mass lost, TSR (total smoke release) and TSP
(total smoke production) are included in Table 3 to
point out combustion with piloted ignition and in Ta-
ble 4 - without piloted combustion. The average time
to ignition in case of ignition stimulus was:

a) 31 s for timber impregnated with Flamasepas-2,

b) 46 s for timber impregnated with BAK-1,

c) 74 s for non-impregnated timber.

There was no ignition of material during the com-
bustion of each of the three samples without ignition
stimulus during a 15 minute test. Thus, it can be as-

sumed that in this case, time to ignition is equal to
infinity. The results of cone calorimeter tests with pi-
loted ignition for non-treated and treated specimens
are presented in the form of graphs as a function of
time: HRR (Fig. 4), THR (Fig. 5), CO concentrations
in two time intervals (Fig. 6 and 7), CO production
rate in two time intervals (Figs. 8 and 9) and extinction
coefficient (Fig. 10).

Table 1. Maximum values of selected combustion parameters
and corresponding times for non-treated and treated pine
timber specimens (with piloted ignition)

Non- Treated Treated
Para- treated with F* with B”
Units
meter time time time
value Value value
85 1010 980
2
HRR | kW/m 204.7 166.74 146
1215 1250 1210
EHC | MJ/kg 48.87 70.25 46.63
80 985 960
MIR | gfs 0.155 0.1612 0.145
1215 995 1080
2
SEA | m7kg 264.25 343.75 262.90
1255 1250 1300
COy | keglkg 0.32 0.39 0.23
1215 1250 1210
COz, | kglkg 3.533 5.681 3.166

* Flamasepas-2
” BAK-1

Table 2. Maximum values of selected combustion parameters
and corresponding times for non-treated and treated pine
timber specimens (without piloted ignition)

Treated Treated
Para- Non-treated | with F* with B”
Units
meter time time time
value value value
545 60 900
2
HRR | kW/m 24.42 11.25 37.26
685 500 5
EHC | MJ/kg 26.31 2.037 65.68
0 335 900
MLR gls 0.103 0.1 0.2075
875 825 200
2
SEA | m7/kg 2546 1477 635.9
875 825 200
COy | kelkg 0.423 0.873 0.4057
875 825 5
€Oz, | kglkg 2.74 1.858 7.107

* Flamasepas-2
" BAK-1
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Table 3. Some characteristic parameters obtained during the
combustion of non-treated and treated pine timber
(with piloted ignition)

No Parameter Units tII‘\IeZ:le_d 'S\r’ietagelsi gieti[el;i
1 g::;;ﬁ s 74 31 46
2 | Mean HRR | kW/m? | 82.74 79.87 71.42
3 | MeanEHC | MJ/kg | 11.04 | 11.27 | 10.38
4 | Mean MLR g/s 0.066 | 0.063 | 0.061
5 | MeanSEA | m¥kg | 288 20.62 | 22.04
6 | MeanCO, | kg/kg | 0005 | 0.016 | 0.0143
7 | Mean CO2, | kg/kg | 0938 | 0941 | 0.870
8 | Total HRR | MJ/m? | 102.22 | 104.32 | 90.74
g | Totaloxygen | 59.07 | 118.19 | 63.31

consumed

10 | Mass lost g 81.93 82.07 77.57
m ejz‘i'gzaf/fm g/sm? | 7.566 | 8207 | 8.307
12 TSR m?/m? | 226.78 | 784.36 316
13 TSP™ m? 2 6.93 2.79

*

“ total smoke release
* total smoke production

Table 4. Some characteristic parameters obtained during the
combustion of non-treated and treated pine timber
(without piloted ignition)

No. | Parameter Units ti\iZ?e-d ar,ie:ge}? g;ﬁ?

| Tmeto ]
ignition
2 | Mean HRR | kW/m? | 13.52 | -1.048 130
3 Mean EHC | MJ/kg 2.16 -0.195 2.33
4 | Mean MLR g/s 0.055 0.0473 0.049
5 Mean SEA m?/kg 391.31 | 191.526 168.2
6 | MeanCO, | kg/kg 0.111 0.108 | 0.1043
7 | Mean C02y kg/kg 0.2304 0.196 0.277
8 Total HRR | MJ/m? | 12.178 0.935 11.707
g |Totaloxygen | 105 | 271 10
consumed

10 | Mass lost g 49.71 42.73 44.37
11 Aveml\ff};pec' g/sm? | 671 5.48 5.7
12 TSR" m?/m? 2200 926 844.1
13 TSP™ m? 19.45 8.18 7.46

* total smoke release

* total smoke production

HRR (kW/m?)

Total Heat Release (MI/mz)
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Fig. 4. Heat release rate (HRR) obtained during the
combustion of non-treated and treated specimens
in the cone calorimeter at the heat flux of 30 kW/m?
(with piloted ignition)
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Fig. 5. Total heat release (THR) obtained during the
combustion of non-treated and treated specimens
in the cone calorimeter at the heat flux of 30 kW/m?
(with piloted ignition)
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Fig. 6. A peak of CO yield obtained during the first stage of
combustion (time interval: 0-100 s) of non-treated and treated

specimens in the cone calorimeter at the heat flux
of 30 kW/m? (with piloted ignition)
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Fig. 7. A peak of CO yield obtained during the last stage of
combustion (time interval: 1175-1325 s) of non-treated and
treated specimens in the cone calorimeter at the heat flux
of 30 kW/m? (with piloted ignition)
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Fig. 8. CO production rate obtained during the first stage of
combustion (time interval: 0-200 s) of non-treated and treated
specimens in the cone calorimeter at the heat flux
of 30 kW/m? (with piloted ignition)
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Fig. 9. CO production rate obtained during the last stage of
combustion (time interval: 850-1350 s) of non-treated and
treated specimens in the cone calorimeter at the heat flux
of 30 kW/m? (with piloted ignition)
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Fig. 10. The extinction coefficient obtained during the
combustion of non-treated and treated specimens in the cone
calorimeter at the heat flux of 30 kW/m?

(with piloted ignition)

For comparison, the graphs presenting CO con-
centration and extinction coefficient obtained during
the combustion of the same type of specimens without
piloted ignition are given in Figs. 11 and 12.

The combustion process of the studied pine tim-
ber has got some local peaks of HRR:

a) the first peak at the initial stage of combustion
with piloted ignition (between 40 and 100 s)
with the highest value of about 204 kW/m?
(t = 80 s) for non-impregnated pine timber,
107 kW/m? (t = 45s) for timber impregnated
with Flamasepas-2 and 61 kW/m? for timber
impregnated with BAK-1;

b) the second peak at the final stage of combustion
with piloted ignition (between 900 and 1200 s)
with the highest value of about 161 kW/m?
(t = 1145 s) for non-impregnated pine timber,
165 kW/m? (t = 1000 s) for specimen impreg-
nated with Flamasepas-2 and 146 kW/m? (t =
980 s) for specimen impregnated with BAK-1
(see Fig. 4).

The observed peak values taken from the mo-
ment of ignition are approximately equal to 14 s for
non-impregnated and 11 s for impregnated timber. A
rapid increase in HRR occurred at the moment of ig-
nition for all tested specimens. The highest value of
HRR slope exceeding 18 kW/(m?s) for non-treated
pine timber and the lowest one below 5 kW/(m?s) for
specimen treated with BAK-1 have been observed. The
rate of HRR increase in the last stage of combustion
was significantly lower and did not exceed the value
of about 1 kW/(m?2s).
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Fig. 11. A peak of CO yield obtained during the combustion
of non-treated and treated specimens in the cone calorimeter
at the heat flux of 30 kW/m? (without piloted ignition)
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be observed. This time, the highest value of approx.
0.39 kg/kg (at 1250 s) for timber impregnated with Fla-
masepas-2 and the lowest value of approx. 0.23 kg/kg
(at 1300 s) for timber impregnated with BAK-1 can
be noticed. The maximum value of CO concentration
for non-impregnated timber was about 0.32 kg/kg at
1255 s.

The CO function (see Fig. 8 and 9) indicates that
the biggest changes in CO concentrations were ob-
tained for impregnated specimens. For instance, for
the sample containing BAK-1, the maximum CO val-
ue was about 0.0046 g/s (at t = 45 s), whereas for the
non-treated sample this value was slightly higher than
0.001 g/s. At the end of combustion, between 850 s and
1100 s, the highest value of CO for the specimen treat-
ed with Flamasepas-2 was observed. A visible increase
in CO concentration up to about 0.002 g/s for all tested
specimens after t = 1150 s was noticed (see Fig. 9).

20 =
= — timber with Flamasepas-2
= Table 5. Maximum values of CO concentration in kg/kg and
3} ] . . . . . e
5 1.5 corresponding times in sec obtained during the initial and
Hg combustion final stages of non-treated and treated
c 10 pine timber (without piloted ignition)
g L
é Non-treated Tr,eiilt;q T?eg t]_i,g
B os \ | W Phase Qf wit wit
: combustion time time time
0 I value value value
0 R 200 400 600 800 1000 Initial 50 60 45
Time (s) nitia 0.09 0.065 0.14
Fig. 12. The extinction coefficient obtained during the ) 1255 1250 1300
combustion of non-treated and treated specimens in the cone Final 0.32 0.39 0.23
calorimeter at the heat flux of 30 kW/m?

(without piloted ignition)

CO concentration during the combustion process
with piloted ignition is characterized by rapid growth
in the first stage following approximately 30 s from
the start of the experiment, and in the final combus-
tion stage, following approximately 1175 s (see Figs. 6
and 7). Maximum CO concentrations for different
specimens at the initial and final combustion stages are
given in Table 5. The results show that in the first case,
the highest value of about 0.14 kg/kg was obtained for
pine timber impregnated with BAK-1 (after 45 s) and
the lowest one of about 0.065 kg/kg for pine timber
impregnated with Flamasepas-2 (after 60 s). For the
remaining non-treated specimen, this value occurred
following 50 s and was about 0.09 kg/kg (see Fig. 6
and Table 5). In the final stage of combustion, after
1175 s, one more growth of CO concentration can

* Flamasepas-2
" BAK-1

Concerning smokiness based on the function of
extinction coefficient k (see Figs. 10 and 12) the fol-
lowing can be stated:

a) in the initial stage, the highest degree of
smokiness for non-impregnated specimen
(k

max = 0-47 1/m) and specimen impregnated

with Flamasepas-2 (k.. = 0.50 1/m) was ob-
served. The application of BAK-1 contributed to
reduced smokiness (k. = 0.25 1/m);

b) in the final stage, for specimen impregnated with
Flamasepas-2, the highest degree of smokiness
with the extinction coefficient of 1.0 1/m was
shown, whereas for specimen with BAK-1 this
value was 0.46 1/m and for the non-impregnat-
ed one - 0.49 1/m. Additionally, with reference

to data disclosed in Table 6, the maximum val-
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ues of coefficient k are shown with correspond-
ing times for all three specimens; two combus-
tion stages are presented and a significant shift
in time of the following peaks can be seen.

Table 6. Maximum values of extinction coefficient k in 1/m
and corresponding times obtained during the initial and final
combustion stages of non-treated and treated pine timber
(without piloted ignition)

Non-treated Tr.eate(} T?eatei
Phase of with F with B
combustion time time time
value value value
Initial 65 40 35

0.47 0.50 0.25

Final 1155 1000 970
0.49 1.00 0.46

* Flamasepas-2
" BAK-1

4. Large Scale Tests: Methods, Tested Materials
and Results

To confirm the results presented in the previous
section in a large scale, fire tests have been performed
in a special cabin (2.5x2.5%2.8 m) having two walls
made of fire-resistant glass and two - covered with wall
ceramic tiles. The compartment had a single doorway,
0.80 m wide and 2.0 m high, centred in the front wall
and a controlled horizontal ventilation system moun-
ted under the ceiling. During fire, the doors were clo-
sed and the ventilation system was off. Temperatures,
CO concentration and optical smoke density were me-
asured during fire tests. 20 K-type thermocouple trees
were fixed in the compartment - 5 thermocouples on
each tree fixed at the same five different levels - 0.8 m
(level 1), 1.5 m (level 2), 2.0 m (level 3), 2.5 m (level 4)
and 2.7 m (level 5).

Special measurement heads MG 72 produced by
ALTER SA were used for registering CO concentra-
tion. Sensors MG 72 are connected with control equip-
ment MSMR-4 that gives the output signal of standard
format RS 485. Four sensors were mounted on two
aluminium columns at two heights: 2.7 m (important
from a ceiling jet point of view) and 1.6 m (important
from evacuation conditions point of view). A view of
the column with sensors is shown in Fig. 13.

Six sensors of optical smoke density were installed
in the cabin and mounted on the aluminium column.
The used sensors were designed and made by Cobrab-
id-Optica Ltd. A general scheme is drawn in Fig 14.

A view of the aluminium column with the sensors is
shown in Fig. 15. A principle of measurement consists
of reducing the ultraviolet or infrared light beam ener-
gy which is 930 nm in length and is emitted by a trans-
mitting photodiode generating a power of 50 mW. The
light beam is received by the photodiode the surface
of which covers 1 cm? (larger than the coming beam).

Fig. 13. A view of the aluminium column
with mounted sensors MG 72

O :

Fig. 14. The scheme of the smoke density sensor: 1 - a cable
supplying a transmitting photodiode; 2 — a module with a
transmitting photodiode; 3 - a mounting frame; 4 - a beam
of ultraviolet or infrared rays emitted by a transmitter in the
direction of a receiving photodiode; 5 - a module with
a receiving photodiode; 6 — a cable transmitting signals
from the receiving photodiode (Galaj 2008)

Fig. 15. A view of the column with smoke density sensors
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A low output signal obtained from a receiving photo-
diode is then transformed into the analogue one by a
special converter in the range of 0-10 V. The same de-
vice is also utilized for power supply to the sensors. The
analogue signal is then transmitted to the analogue-
digital converter (module ADAM 4017).

Using special module ADAM 4520, the output
signals of format RS 485 are converted into format RS
232C, which can be read by a standard serial port of
the computer. Then, input data are processed in the
computer using special program “Adam View” ena-
bling to display and save data in MS Excel format.

The output digital values obtained from the meas-
uring system correspond to the voltage signals of max-
imal range 0-10 V. To calculate optical smoke density,
the proportion between the intensity of light and volt-
age was assumed. It seems to be justified because of
several reasons. First, smoke density determination,
only the quotient of light intensities, not their values, is
necessary. Second, a principle of measurement by used
smoke density sensors enables to accept this solution.

The equation for optical density D can be written
in the form (Galaj, Bajko 2009):

U,
D=log—2, 1
8 (1)

where U, - voltage signal proportional to light inten-
sity I, corresponding to maximum voltage signal mea-
sured at the beginning of the test (air without smoke)
[V], U - voltage signal proportional to light intensity I
corresponding to the current voltage signal measured
during the test (air with smoke) [V].

On the basis of value D, more frequently used ex-
tinction coeflicient was determined according to the
following formula:

1. (U
k=—In| =% |, (2)
x \U,
where x - the distance between a transmitter and a re-
ceiver [m].

Visibility Z in accordance with the following re-
lationship was also calculated at C = 2 (reflected light
objects) and x = 1 m.

C-x
2= 2503 D’ G)

where C - a constant depending on lighting condi-
tions.

Three combustion processes were performed:
first, using non-treated pine timber, second, using tim-
ber treated with BAK-1 and the third one using timber
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treated with Flamasepas-2. Views of specimens with
and without timber preservative are shown in Fig. 16.

Three pieces of pine timber, each having the size
of 200x200x20 mm, two placed vertically and one put
on them horizontally (the impregnated side was inside
the structure) were combusted in each experiment.
Such structure was put on the steel tray and placed
near the wall opposite to the door. The source of igni-
tion was 250 ml of denatured alcohol. Burning samples
are shown in Fig. 17.

The cabin was closed just after ignition. When
fire parameters stopped increasing (steady stage of
combustion), the ventilation system was started. The
samples were observed after the experiment and the
remains were analyzed (see Fig. 18). All specimens
were tested under the same conditions.

The following selected graphs obtained during ex-
periments with fire are presented in the paper:

a) temperature measured by the selected thermo-

couple located near the fire source at a height
of 1.6 m (Fig. 19),

b) CO concentration measured by the sensor lo-
cated in the centre at a height of 1.6 m (Fig. 20),

¢) extinction coefficient ata height of 1.6 m (Fig. 21),

d) visibility range calculated on the basis of the
extinction coefficient (Fig. 22).

The following specific parameters of the obtained

graphs are included in the tables below:

a) the maximum values and average speed of tem-
peratures during the first stage of combustion
(Table 7),

b) the maximum values and average speed of CO
concentration during the first stage of combus-
tion as well as the time of the first appearance
of carbon monoxide registered by the sensors
(Table 8).

Fig. 16. A view of timber specimens: a — without preservative;
b - with preservative
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Fig. 18. A view of the remains after combustion (treated
timber - on the top, non-treated - on the bottom)
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Fig. 19. Temperature during the combustion of non-treated
and impregnated pine timbers measured by the thermocouple
18,3 located near the fire source at a height of 1.6 m
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Fig. 20. CO concentration during the combustion of non-
treated and impregnated pine timbers measured by the sensor
in the centre of the compartment at a height of 1.6 m
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Fig. 21. The extinction coefficient during the combustion
of non-treated pine timbers measured by the sensor located
at a height of 1.6 m (for treated pine timbers, the extinction

coefficient was equal to zero during the experiment)
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Fig. 22. Visibility range during the combustion of non-treated
pine timbers measured by the sensor located at a height of
1.6 m (for treated pine timbers, visibility was equal
to zero during the experiment)
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Table 7. The maximum values and average speed of growth in
temperature during the first stage of combustion

Material Maxi[r(r;:;ncxjalues Av[edrzge Cs/p;;:ed
Pine timber 58.8 0.39

BAK-1 55.0 0.37
Flamasepas-2 54.9 0.37

Table 8. The maximum values and average speed of growth
in CO concentration during the first stage of combustion and
time for the first appearance of carbon monoxide

Maximum Average Time of
values speed appearance
Material [ppm] [ppm/s] [s]
Pine timber 82 0.22 0
BAK-1 81 0.48 61
Flamasepas-2 72 0.62 63

Conclusions arising from the analysis of the re-
sults of the fire test have been formulated and are listed
in the next chapter.

5. Conclusions

After analyzing the results obtained using the cone ca-
lorimeter and full scale fire, the following general con-
clusions can be formulated:

1. The treatment of pine timber with fire retardant
causes a significant reduction in the time of speci-
men ignition in the case of piloted ignition only.
Ignition time for timber treated with Flamasepas-2
(31 s) and BAK-1 (46 s) are evidently less than that
for non-treated timber (74 s). This surprising prop-
erty was confirmed in many experiments. The tests
carried out by other scientists in Lithuania showed
that the opposite situation might occur in the case
of combustion without piloted ignition.

The presented studies have confirmed the
above displayed information, since in case of three
studied specimens, during the tests without ignition
stimulus, ignition did not occur during 15 minutes.
Considering the above results, it can be concluded
that the use of tested additives can bring unexpected
results in some circumstances.

2. The impregnation of pine timber with Flamasepas-2
and BAK-1 significantly reduces (almost twice) the
rate of the heat released in the initial combustion
period (first 100 s) crucial for the safety of people
evacuation. It reflects the rate of temperature in-
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crease in the compartment, which is much slower
in the case of pine timber treated with fire retardant.
In the final combustion stage (over 800 s), differenc-
es are insignificant and do not exceed 25 kW/ m?,

. The treatment of pine timber with fire retardant

does not reduce the maximum value of CO con-
centration (in case of ignition with flame); moreo-
ver, it can even increase its value in the initial stage
of combustion, as was observed in case of BAK-1
(difference was about 0.05 kg/kg compared to non-
impregnated specimen). The treatment of speci-
men with Flamasepas-2 reflected lower maximum
concentration making approx. 0.025 kg/kg. After
70 s, the observed values of CO rapidly decreased
for all studied specimens and stabilized at the lev-
el of 0.02 kg/kg. After 1200 s, CO concentrations
increased repeatedly with the maximum value for
this stage obtained for specimen treated with Fla-
masepas-2 (about 0.39 kg/kg) and with the low-
est value for specimen treated with BAK-1 (about
0.23 kg/kg).

. In the initial combustion stage, the highest CO

emission rate was observed for specimen im-
pregnated with BAK-1 (the maximum value of
0.0045 g/s) and the lowest one for non-impregnated
specimen (the maximum value of about 0.0011 g/s).
The maximum emission rate for specimen with Fla-
masepas-2 was about 0.0028 g/s. The above data in-
dicate an unfavourable influence of impregnation
on the flammable properties of pine timber.

. The application of fire retardant has an impact on

smokiness (extinction coefficient) in the initial
combustion stage, which is crucial for evacuation
actions as well as for the final combustion stage.
BAK-1 has proven to be the most suitable. Its treat-
ment reduced smokiness twice in the first minutes
of specimen combustion compared to non-impreg-
nated pine timber. The influence of Flamasepas-2
was not significant; however, it also caused a re-
duction in the extinction coefficient for approx.
0.2 [/m. On the other hand, due to shorter ignition
time, smokiness appeared faster in the case of im-
pregnated wood compared to the non-impregnated
one. In the final combustion stage, the highest de-
gree of smokiness (twice as high as in the initial
combustion stage) along with the extinction coef-
ficient of about 1.0 [/m for specimen treated with
Flamasepas-2 was observed.



102

6. The application of fire retardant has no significant
impact on the temperatures in the compartment.
The only difference consists in a slightly higher
maximum value and average increase rate during
the fire development stage for non-impregnated
timber. Difference makes about 4°C and 0.02 °C/s
respectively, without regard to the type of fire re-
tardant.

7. The maximum value of carbon oxide concentra-
tion is slightly lower (approx. 10 ppm) (full scale
experiments) for timber treated with Flamasepas-2
fire retardant comparing to non-impregnated tim-
ber and makes about 72 ppm. In case of BAK-1 fire
retardant, maximum concentrations were almost
the same and made 82 ppm. In addition, for non-
impregnated timber, a constant increase in CO con-
centration up to 80 ppm have been observed while
in other cases, the values have oscillated, and after
a shorter time (about 260 s) for Flamasepas-2 and
longer (about 480 s) for BAK-1, CO values have sta-
bilized at 60 ppm (about 20 ppm lower than non-
impregnated timber).

8. The average increase rate of CO values in the first
stage of fire is significantly higher for timber treat-
ed with fire retardant (0.48 ppm/s for BAK-1 and
0.62 ppm/s for Flamasepas-2) rather than for non-
impregnated one (0.22 ppm/s). However, the time
of CO detection in case of non-impregnated tim-
ber is almost instantaneous while in case of timber
treated with fire retardants, it took approx. 1 min-
ute, which enables safety evacuation of people from
the compartment (full scale experiments).

9. After 252 s from the start of fire, a rapid increase
in the extinction coefficient reflecting smokiness
degree in the compartment can be observed only
in case of non-impregnated timber. Between 250
and 320 s, a rapid decrease in visibility up to the
safety level of approx. 5 m have occurred. During
the whole test on impregnated timber, the extinc-
tion coefficient was at zero level, which indicates no
smoke in the compartment (full scale experiments).

Taking into account the results obtained from
both experiments with the combustion of non-treated
pine timber specimens treated with two different fire
retardants, including Flamasepas-2 and BAK-1, it can
be concluded that impregnation influences the com-
bustion process decreasing (see conclusion 2) the rate
of heat release and increasing CO emission (in case
with piloted ignition). Generally, lower concentrations
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have been observed for specimens impregnated with
Flamasepas-2. Concerning only CO concentrations,
the results are not that unequivocal, since treatment
with BAK-1 can increase its concentration in the ini-
tial stage of combustion. However, taking into account
the results obtained during timber combustion in full
scale tests, especially CO values and visibility ranges,
it can be stated that the use of fire retardants increas-
es human safety by delayed toxic CO occurrence, its
lower concentrations and a lack of smoke if compared
to non-impregnated timber. Although the obtained
fire parameters in all combustion cases in full scale
do not pose any real danger for people, since they do
not exceed limit values (60°C in case of temperature,
100 ppm in case of CO concentration and 5 m in case
of visibility range), considering a limited amount of
flammable material, it can be expected that the val-
ues will be exceeded when a larger amount is used.
However, the curves of fire parameters should remain
the same. Taking into account all obtained results,
the following general conclusion can be made: both
studied fire retardants partly fulfil their tasks while
Flamasepas-2 shows slightly better performance than
BAK-1 from the human safety point of view.

In order to choose suitable fire retardant and re-
ducing an unfavourable impact of combustion on hu-
man during potential internal fire, each situation should
be analysed independently, considering the smoki-
ness and generation of toxic combustion products.
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IMPREGNAVIMO POVEIKIO PUSIES MEDIENOS DEGUMUI TYRIMAI TAIKANT
KUGIN] KALORIMETRA IR NATURINIU TYRIMU METODA

J. Galaj, Z. Karpovi¢, W. Jaskotowski

Santrauka. Gaisriné sauga - vienas pagrindiniy reikalavimy, kurj privalo atitikti pastatai. Gaisrinés saugos uztikrinimas
svarbus ir pastato gyventojams, naudotojams, klientams, zitrovams, ir gelbétojams, vykdantiems gelbéjimo darbus. Verti-
nant termokinetinius dydzius, susijusius su diimais ir nuodingais degimo produktais, taikomi degimo produkty vertinimo
tyrimo metodai. Sie metodai skirstomi i natiirinius, geriausiai pakartojancius gaisro parametrus, ir mazy bandiniy, kuriuose
$is pakartojimas gerokai mazesnis. Straipsnyje pristatyti antipireniniy tirpaly BAK-1 ir Flamasepas-2, gaminamy Lietuvoje
ir naudojamy medienai impregnuoti, poveikio gaisro parametrams tyrimai. Tyrimai atlikti naudojant kiginj kalorimetra
(mazy bandiniy tyrimai) uzdaroje patalpoje su jrengta matavimo jranga (natariniai tyrimai). Tyrimai parodé, kad antipire-
niniai tirpalai sumazina $ilumos i$skyrimo greitj (HRR). Atvirkstiné situacija susidaro vertinant laikg iki uzsiliepsnojimo,
CO issiskyrima ir diminguma. Sie antipireniniais tirpalais impregnuotos medienos gaisro parametrai, palyginti su neim-
pregnuota mediena, pablogéja (trumpéja laikas iki uzsiliepsnojimo, padidéja CO i$siskyrimas ir dimingumas). Sie rezultatai
gauti naudojant papildomg $altinj, uzdegantj bandinio pavir$iy. Atliekant tyrimus, kuriuose $is $altinis nebuvo naudotas,
gauti prieSingi rezultatai. Né vienas i$ tiriamy impregnuoty bandiniy neuzsiliepsnojo, o tyrimai buvo nutraukiami praéjus
15 min., CO issiskyrimas ir damingumas buvo didesnis neimpregnuotos medienos. Tai patvirtinta natariniais tyrimais, kuriy
metu nustatyta, kad pusies medienos impregnavimas neturi didelés jtakos temperataros pokyc¢iams kilus gaisrui patalpoje.

Reik$miniai ZodzZiai: pusies mediena, antipireninis tirpalas, impregnavimas, gaisras, toksiSkumas, $ilumos $altinis, degimo
produktas, anglies monoksidas.
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models.
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INVESTIGATION OF THE INFLUENCE OF IMPREGNATION
ON THE PINE TIMBER COMBUSTION USING
FLOW THROUGH TESTS

Badanie wplywu impregnacji ogniochronnej na sklad i ilo$¢ produktow
toksycznych powstalych podczas spalania drewna sosnowego

Summary

Millions of people have lost their lives during fire in the recent decades, the majority died from inhalation of toxic fire
effluents. Toxic fire effluents cause death in fire, as any incapacitation is likely to impede escape, and increase the chance
of becoming trapped. Better understanding of this problem will contribute to the reduction in the number of such deaths
in the future. This paper analyses emissions of carbon monoxide (CO), hydrogen chloride (HCI), hydrogen cyanide
(HCN) and ammonia (NH,) during the combustion of non-impregnated and impregnated pine timber with fire retardants
in research equipment for toxic combustion products emitted from solid materials after the impact of the heat source (e.g.
flow through test). The toxicity of pine timber specimens was investigated at two powers of external heat source of 8 kW/m?
and 10 kW/m?.

Streszczenie

Co roku wielu ludzi traci zycie w czasie pozaru. Wiekszos¢ ginie z powodu wdychania toksycznych produktéw rozktadu
termicznego i spalania. Produkty te stanowia nie tylko bezposrednig przyczyne $mierci ale takze moga utrudniac
skuteczng ewakuacje. Lepsze zrozumienie problematyki toksycznosci produktéw spalania przyczyni si¢ do zmniejszenia
liczby tych zgonéw w przyszlosci. Artykut ten przedstawia wyniki badan emisji tlenku wegla (CO), chlorowodoru
(HCI), cyjanowodoru (HCN) i amoniaku (NH,) podczas spalania bezptomieniowego drewna naturalnego sosnowego,
jak i impregnowanego przeciwogniowo dwoma komercyjnymi $rodkami ogniochronnymi produkowanym na Litwie. Do
badan eksperymentalnych wykorzystano nie normatywna technike pomiarowa. Probki poddano oddziatywaniu strumienia
promieniowania cieplnego o gestosci 8 i 10 kW/m?.

Keywords: pine timber, fire retardants, treatment, fire, toxicity, heat source, combustion products, carbon monoxide;
Stowa kluczowe: drewno sosnowe, $rodek ogniochronny, pozar, toksycznos¢, produkty spalania, tlenek wegla,
chlorowoddr, amoniak, cyjanowodor;

1. Introduction cki 2000; Senczuk 1998; Hartzell 1993; MBanHUKOB
and Kuroc 1987):
There are factors to be encountered that en- e toxic combustion products,

danger not only people inside the building but also
those performing rescue works during the fire occur-
ance. The factors include: (Buhanan 2002; Kolbre-

flame and high temperature (heat),
reduction of oxygen concentration,
instability of constructions,
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® reduced visibility (smoke).

Each of these factors and their effect on the es-
cape behaviour are briefly discussed below. The time
available for escape is a period between the time of
ignition and the time after which conditions prevent
occupants from safe evacuation. In Great Britain and
the United States of America more than 50 % of all
deaths in fires have been caused by toxic combustion
products constituting smoke (Stec and Hull 2010;
Brushlinsky ez al. 2009; Drysdale 1998).

The consequences of fire may be reduced by
performing effective preventing actions during the
emergence of fire, such as extinguishing it before
spreading (Buhanan 2002). One of the possibili-
ties for implementing effective prevention is usage
of materials protecting from the impact of fire, i. e.
fire retardants (Ozkaya et al. 2007; Jun-wei Gu et al.
2007; Koo et al. 2001; Nassar 1999). For building
materials, i. e. timber constructions that are impreg-
nated with fire retardants, time to flame combustion
is longer and flame spread rate is lower (Karpovi¢
2009; Gu et al. 2007).

Fire science is multidisciplinary, it includes
chemistry, physics, engineering as well as computer
modelling. The conditions in real fires are difficult to
recreate in a laboratory scale. Physical and chemical
methods used for analysis of combustion of different
flammable materials can be divided into small, me-
dium and full scale.

This paper is the beginning of three-part project.
Further research on the toxicity of non-impregnat-
ed and impregnated pine timber with fire retardants
are to be performed in a small and ful] scales (sec-
ond part) and with application of fire hybrid model-
ling (third part).

The aim of the further studies is to analyse the
toxicity and compare the results obtained from small
and full scales methods as well as from fire hybrid
modelling (Galaj 2009, 2010).

Most small scale methods used for toxicity tests
are developed to simulate a single fire source or the
conditions, where real scale fires simultaneously in-
volve different fire phases in different places. These
methods can be grouped as those with constant com-
bustion conditions, often achieving a prolonged
steady state period, and those with unstable combus-
tion conditions. The latter ones are the most suita-
ble data for comparison and modelling, for exam-
ple German tube furnace method DIN 53436, and its
derivative ISO 19700. Most other small scale meth-
ods have changeable combustion conditions, such as
those in closed or semi closed chambers exposed to
a constant source of heat, for example NBS smoke
chamber ISO 5659, cone calorimeter ISO 5660-1,
stationary tube furnace test NFX 70-100 and fire
propagation apparatus ASTM E 2058, The meth-
ods can be grouped according to their physical ar-
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rangement: open tests (cone calorimeter), closed
tests (smoke chamber) and flow through tests (sta-
tionary and steady state tube furnaces, controlled at-
mosphere cone calorimeter and the fire propagation
apparatus) (Stec and Hull 2010).

Fire zone during the open tests is well ventilat-
ed. The cone calorimeter has been developed spe-
cifically to determine the rate of heat release and ef-
fective heat of combustion of building materials. Tt
has been subsequently modified to determine smoke
generation (ISO 5660-2) and later applied to fur-
nitures. The cone calorimeter is probably the most
widely used apparatus for measurement of flamma-
bility properties (Schartel and Hull 2007).

Closed chamber tests attempt to direct the tran-
sition through the fire stages by enclosing the sam-
ple in a fixed volume of air, heating it, with or with-
out ignition, and monitoring the formation of tox-
ic gases, as the OXygen concentration falls, and the
fire condition changes from well ventilated to under
ventilated. The methods can be subdivided into two
broad categories, where decomposition or combus-
tion occurs in the main chamber, or in a side cham-
ber (Schartel and Hull 2007).

In flow through methods the specimen is ther-
mally decomposed, with or without flame, in a fur-
nace over a known volume of flowing air, which
drives the effluent to the sampling system or gas
measurement devices,

The field of fire protection examines resist-
ance to fire of ceramics (Abraitis and Stankevidius
2007; Zurauskiené and Nagrockiené 2007), concrete
(Chung Kyung-soo et al. 2007; Abramowicz and
Kowalski 2007; Jonaitis and Papinigis 2005), ferro
concrete (Bednarek and Ogrodnik 2007) and steel
(Bednarek and Kamocka 2006), application of the
zone model to investigate the combustion of differ-
ent flammable materials (Galaj 2007), combustion
of polymeric materials (Konecki and Potka 2009) as
well as the impact of isolating materials to timber
strength (Bednarek and Kaliszuk-Wietecka 2007),
combustion of timber treated with fire retardants, the
effectiveness of fire retardants (Karpovi¢ 2009; Pétka
2008), the hazardousness of pine timber and cork-
oak while fuming (Karpovi¢ and Sukys 2009) and
reaction-to-fire of nine different wood species hav-
ing different density and thickness (Harada 2001).
Lewin 2005 emphasized the need for research on
timber treated with fire retardants. There are many
questions unanswered concerning the protection of
timber against fire. One of such questions is the tox-
icity of timber impregnated with fire retardants dur-
ing thermal destruction. The toxicity of timber im-
pregnated with fire retardants was partly analysed in
Sukis and Karpovi¢ (2010) work.

The aim of this work is to analyse the toxicity
of non-treated and treated pine timber with fire re-
tardants, to determine alternation of emission of car-
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bon monoxide (CO), hydrogen chloride (HCI), hy-
drogen cyanide (HCN) and ammonia (NH,) subject-
ed to the different heat source intensity using flow
through method.

2. Materials tested and test method

Tests were performed in the Main School of
Fire Service by using research equipment for tox-
ic combustion products emitted from solid materi-
als after the impact of the heat source (flow through
test). To investigate the influence of impregnation on
combustion properties, three types of samples were
tested: pure pine timber without impregnation and
two pine timbers impregnated with fire retardants
A and B:

1. The primary ingredient of fire retardant A is po-
tassium carbonate. Used as an aqueous solution of
inorganic salts. While the impact of thermal radia-
tion. 8-10 mm is formed coating, protective wood-
en structures. Recommended use - 500 ml/mz2.
Fire classification according to LST EN 13501 is
B-s2,d0.

2. The primary ingredient of fire retardant B is po-
tassium carbonate. Used as an aqueous solution of
inorganic salts. While the impact of thermal radia-
tion. 6-8 mm is formed coating, protective wood-
en structures. Recommended use - 450 ml/m?.
Fire classification according to LST EN 13501 is
B-s 1,d0.

The research equipment for toxic combustion
products shown in Fig. 1 enables to determine con-
centrations of emitted toxic combustion products
while impacting specimen with different heat sourc-
es. The possible range of the heat sources measured on
the surface of specimens varies from 2 to 80 kW/m?,
During the test two heat sources were used, i. e.
8 kW/m?*an10 kW/m>. By impacting specimens with
such heat sources the conditions were established
for the emission of the main amount of combus-
tion products. At the heat sources of less than 8 kWw/
m? the temperature on the specimens does not reach
160°C, while at the heat sources higher than 10 kW/
m* the specimens inflame (the research equipment
cannot be applied for tests when flammable combus-
tion occurs). The computer connected to the research

equipment ensured accurate control of the test and
automatically recorded the results. Five specimens
in every test group were tested. The timescale for
one test course was 1 hour. The dimensions of the
specimens were 200 mm x 200 mm x 20 mm.
Two tests were performed for the following three
main groups of the specimens:
¢ non-treated pine timber specimens,
® pine timber specimens treated with the fire retar-
dant A,
® pine timber specimens treated with the fire retar-
dant B.
The fire retardants used for the treatment of pine
timber specimens have been produced and used in
Lithuania.

Fig 1. A view of the research equipment for
the measurement of the concentration of toxic
combustions products

3. Flow through test results and analysis

The results have been processed with ,,Statisti-
ca® programme. Correlation coefficients of the emis-
sion of CO, HCN, HCI and NH, are given in Tab. 1.

The variation of temperature on the surface of
the specimens for two values of heat source power
of 8 kW/m? and 10 kW/m? and different specimens
is shown in Fig. 2. In turn, the changes in concentra-
tions of the emission of CO, HCN, HC1 and NH3 are
presented in Fig. 3-6.

Analysing flow through tests results, the follow-
ing observations with reference to temperature can

be pointed out:
Table 1.

Correlation coefficient of the emission of CO, HCN, H(l, NH,

Correlation coefficient of the emission of combustion
Heat source, products on the same parameters
spetimen HCN HCI NH,
8 kW/m?, pine 0.993 0.980 0.903 0.992
8 kW/m?, pine with A 0.943 0.993 0.985 0.969
8 kW/m?, pine with B 0.974 0.996 0.909 0.917
10 kW/m? pine 0.985 0.981 0.912 0.985
10 kW/m?, pine with A 0.921 0.979 0.934 0.992
10 kW/m?, pine with B 0.914 0.965 0.942 0.998
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e the value of temperature rapidly increases during
first period of combustion (from 0 to approx. 600 s)
for two powers of heat source 8 kW/m? and 10
kW/m?. Afterwards the changes of temperature
are significantly slower not exceeding 0.2°C/s
(only between 1700 and 2000 s this value is
bigger in case of pine timber without retardant)
(Fig. 2);

e theaveragetemperature ofthe specimensnon-treat-
ed with fire retardants was about 21.1° C (8 kW/m?)
and 14° C (10 kW/m?) higher than the average
temperature on the pine timber specimens treated
with the A fire retardant (Fig. 2);

e after influencing non-treated specimens with the
heat source of 8 kW/m?the temperature observed
on their surface was approx. 9.4°C higher than on
the pine timber specimens treated with the B fire
retardant, while when impacting pine timber spec-
imens treated with B fire retardant with the heat
source of 10 kW/m? the temperature on their sur-
face was about 9.5° C higher compared to the non-
treated specimens (Fig. 2).

The differences between the average tempera-
ture on the surface of treated specimens compared
with to the average surface temperature of non-treat-
ed specimens during steady phase of combustion are
given in Tab. 2.

Table 2.
The differences of the average of temperature on
the surface of treated specimens compared with the
average of temperature on the surface of non-treated
specimens during steady phase of combustion

Specimens, temperature
Heat source : - : :
pine with B pine with A
8 kW/m? -9.4°C -21.1°C
10 kW/m? +9.5°C -14°C
350
"+, 10 kW Pine (4)
300 S\ 10kWPine A (5)
\\ 10 kW Pine B (6)
7250
ol i m )
Zoum = .
g . 8KW Pine (1)
LE N BKWPne A (2)
2 150 N\ 8KWPine B (3)
100
4
ol

. 0 500 1000 1500 2000 2600 3000 3500 4000

Time [s]

Fig 2. Temperatures on the surface of tested specimens:
pine, pine treated with A and pine treated with B for heat
sources of 8 kW/m? and 10 kW/m?
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Fig 3. Emission intensity of carbon monoxide for heat
source of 8 kW/m? and 10 kW/m? for all tested specimens

Wi

"\, 10 kW Pine (4)
< 10KWPine A 5)
. 10KW Pie B )

HCN Emission [mg/s]

o N mn
j e F ., 8 kW Pine (1)
! /./ s N, 8KWPneA (2)
\ 8 KWPine B (3)

0 500 1000 1500 2000 2500 3000 3600
Timels]
Fig 4. Emission intensity of hydrogen cyanide for two
power of heat source 8 kW/m? and 10 kW/m? and all
tested specimens
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Fig 5. Emission intensity of hydrogen chloride for two
power of heat source 8 kW/m? and 10 kW/m? and all
tested specimens

In the following tables such parameters obtained
during tests are given:

1. The average values of time 7, and temperature
t_ corresponding to the beginning of registration
of measured toxic products (CO, HCN, HCI and
NH,) for heat source 8 kW/m? in table 3 and 10
kW/m? in table 4.

2. The values of characteristic times 7, and 7, as well
as steady value SV corresponding to the param-
eters of the emission intensity of measured toxic

NH3 Emission [mg/s]
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o

.

products (CO, HCN, HCl and NH,) for heat source
8 kW/m? in table 5 and 10 kW/m? in table 6.

3. The total quantities of the toxic gases, such as CO,

HCN, HCl and NH,, emitted during the tests in ta-
ble 7.

o

", 8 kW Pine (1)
N 8kWPneA ()
N8k PreB(3)
., 10 KW Pine (4)
< 10KW Pine A (5) -
\ 10K Pie B (5) n,

500 1000 1500 2000 2500 3000 3500
Time [s]
Fig 6. Emission intensity of ammonia for two power
of heat source 8 kW/m? and 10 kW/m? and all tested
specimens

Table 3.
The average values of time 7, and temperature ¢
corresponding to the beginning of the registratioil
of CO, HCN, HCI and NH, emissions during
combustion of all tested specimens at power of heat
source of 8§ kW/m?

Gas Tpr of T, z,

specimen s °'C
non-treated 300 140
CcO with A 420 165
with B 365 156
non-treated 955 200
HCN with A 880 198
with B 900 200
non-treated 430 167
HCIl with A 1015 207
with B 920 203
non-treated 670 197
NH, with A 730 199
with B 765 202

Table 4.

The values of time 7, and temperature 7,
corresponding to the beginning of the registration
of CO, HCN, HCI and NH, emissions during
combustion of all tested specimens at power of heat

source of 10 kW/m?

Gas Type of T, z
Specimen s °C
non-treated 170 135
co with A 270 170
with B 300 178
non-treated 570 220
HCN with A 550 217
with B 500 219

Gas Typ_e of T z
Specimen s °'C
non-treated 275 169
HC1 with A 460 215
with B 485 221
non-treated 365 201
NH, with A 475 217
with B 565 223
Table 5.

The values of times 7,, 7, and steady value SV
corresponding to the characteristic parameters of the
emission intensity of CO, HCN, HCI and NH, during

combustion of all tested specimens at power of heat
source of 8 kW/m?

Gas Tpr of T, T, N4
specimen J S mg/s
co A 2600 2700 50
B - 2200 2780 60
HCN A 1800 2600 1.8
B 1750 2700 2.3
HCI A 2600 * 4.5
B 2600 * 7.0
NH A 1000 2000 0.45
3 B 1100 2100 0.67

*- emission intensity of HCI from non-impregnated sample is
always greater than from impregnated samples

Table 6.
The values of times 7,, 7, and steady value SV
corresponding to the characteristic parameters of the
emission intensity of CO, HCN, HCI and NH, during
combustion of all tested specimens at power of heat
source of 10 kW/m?

Gas Typg of T, T, SV
Specimen ] ] mg/s
co A 1100 2020 130
B 1050 1950 120
HCN A 1100 2200 5.0
B 1100 2010 4.2
HCl A 1180 ki 6.3
B 1100 i 11.0
NH A 1050 1990 1.1
3 B 1100 2080 1.3

* - emission intensity is only steady until t=2000 s and then it
systematically grows
** _ emission intensity of HCI from non-impregnated sample is
always greater than from impregnated samples
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Table 7.
Toxic combustibility products and their quantities
emitted during tests with different heat sources
and type of the specimens

Total quantity of toxic combustibility
Heat s.ource, products [mg]
specimen "6 T HCN | HCl | NH,
SKW/M?, | 315399 | 1146.23 | 8769.05 | 47627
pine

SKW/M?, | 3506 | 83496 | 12332 | 195.95
pine with A

S KW/, | hoe33 1| 975.09 | 2987.9 | 211.29
pine with B

101;?:2“12’ 048285 | 3149.22 | 11722.3 | 932.54
W0 kW2, | 1060 6 | 2514.04 | 4379.94 | 489.87
pine with A

LORW, | seee0 8 | 2317.76 | 6014.64 | 633.89
pine with B

The views of non-treated and treated specimens
after tests with heat source of 8 kW/m? and 10 kW/m?
are presented in Figs. 7-10.

Fig 7. Views of non-treated pine timber specimen after
tests with heat source of 8 kW/m?

Fig 8. Views of non-treated pine timber specimen after
tests with heat source of 10 kW/m?

Fig 9. Views of treated pine timber specimen after tests
with heat sources of 8 kW/m?
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Fig 10. Views of treated pine timber specimen after tests
with heat sources of 10 kW/m?

5. Conclusions

Based on the analysis of the measured emissions
of combustion products the following conclusions
can be formulated:

1. The treated pine timber specimens affected with
the heat source of 8 kW/m? emit approximately
1.46 times less of toxic combustion products than
the non-treated pine timber specimens. The treat-
ed pine timber specimens affected with the heat
source of 10 kW/m? emit approximately 1.65
times less of toxic combustion products than non-
treated pine timber specimens. The power of heat
source influence on the emission of toxic combus-
tibility products. The treated pine timber speci-
mens affected with the heat source of 8 kW/m?
emit 2.34 times less of toxic combustion products
than pine timber specimens treated with the same
fire retardants affected with the heat source of
10 kW/m?. Pine timber specimens without fire re-
tardants affected with the heat source of 8 kW/m?
emit 2.64 times less of the toxic gases than the
same pine timber specimens affected with the heat
source of 10 kW/m? (see Fig. 3-6).

2. Time denoted by 7, and temperature denoted by 7,
as the characteristic parameters of the beginning
of the registration of CO, HCN, HCl and NH, de-
pend on either type of gas or power of heat source.
The comparison showed longer times t, (over 1.5
times) and higher temperatures (except for HCN)
for impregnated specimens than for non-impreg-
nated ones. Generally, better results for B at 10
kW/m? and for Flamesapas-2 at 8 kW/m?* were ob-
tained. For HCN these times are comparable or
shorter in case of non-impregnated sample (see
Tab. 3 and 4).

3. Emissions of all measured gases from all speci-
mens were higher at 10 kW/m? than at 8 kW/m?
(see Tab. 3 and 4).

4. Emission of CO, HCN and NH, from non-treat-
ed pine timber is of the increasing character dur-
ing the whole test. It’s value is lower than emis-
sion from treated timber up to time denoted by z,
(see Tab. 5 and 6).

5. The increases in emissions of all considered toxic
products of combustion from impregnated speci-
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mens can be noticed in the initial phase of the pro-
cess, which are faster for experiments with higher
power of heat source (10 kW/m?). The emissions
begin to oscillate around steady values SV after
the time z,. Some difference in emission of HCI
from specimen impregnated with A, consisting in
the repeated increase, can be observed in the sec-
ond period of process (see Tab. 5 and 6).

6. The steady values of emissions SV of all meas-
ured products of combustion were greater (about
1.5 times on average) for pine timber impregnat-
ed with B in case of lower power of heat source
8 kW/m? (see Tab. 5). A little higher values of
SV of CO and HCN emissions were obtained for
pine timber impregnated with Flamesapas-2 than
BAK-1 in the case of power of heat source equal
to 10 kW/m?. The tendency was opposite in case
of remaining gases e. g. it was almost two times
lower for specimen with A (see Tab. 6).

7. After termination of combustion process the sur-
face of treated pine timber specimens is smooth-
er, the layer of carbon is solid and un-cracked.
For non-treated surfaces — the layer of carbon is
cracked, while deeper layers of timber are affect-
ed by the process of thermal destruction (see Figs.
7-10).

8. Non-treated pine timber specimens generate larg-
er quantity of these products compared to the pine
timber specimens treated with fire retardants (see
tab. 7).

Taking into account the results obtained from
both experiments with combustion of non-treated
pine timber specimens and treated with two differ-
ent fire retardants, A and B, it can be concluded that
the impregnation influences the combustion proc-
ess decreasing the rate and the level of emission
of toxic products. Generally, lower concentrations
have been observed for specimens impregnated with
A. Impregnation increase emission of toxic products
(except for HCI) in the initial phase of the combus-
tion. But total quantities of all tested toxic combus-
tibility products during complete period of experi-
ment were significantly lower in the case of impreg-
nated pine timber.

Considering the above, it can be concluded that
in order to choose a suitable fire retardant, reduc-
ing unfavourable impact of the combustion on hu-
man during the potential internal fire, each situa-
tion should be analysed independently, based on the
smokiness as well as generation of toxic combustion
products. Analyzed problem requires further studies
based on the results obtained during small scale tests
using cone calorimeter method and full scale fire ex-
periments.
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Szkota Gléwna Shuzby Pozarniczej

Wydziat Inzynierij Bezpieczenistwa PozZarowego

Katedra Techniki Pozarniczej, Zaktad Mechaniki Stosowanej

Reliability at high temperatures of glued laminated pine timber in the static
bending strength

Streszczenie

Drewno klejone ze wzgledu na swoje wihasciwosci, jest coraz czesciej wykorzystywane. Technologia ta umozliwia
Wytworzenie elementéw konstrukcyjnych o duzych przekrojach poprzecznych i znacznych rozpigtosciach. Drewno
klejone warstwowo, po odpowiedniej obrébce powierzehni i zachowaniy parametréw przekroju Jest materiatem slabo
rozprzestrzeniajacym ogien, a dodatkowo impregnowane Jjest materiatem nierozprzestrzeniajqcym ognia. Pomimo
to, drewno w wysokich temperaturach traci swoje wlasciwosci, a co za tym idzie najprawdopodobniej spada jego
Wytrzymato$é. Wbadaniach wiasnych dokonano analizy wytrzymatogcina zginanie statyczne drewna klejonegow wysokich
temperaturach, zblizonych do temperatur pozaru. Na podstawie uzyskanych wynikéw okreslono prawdopodobienstwo
zniszczenia elementy konstrukcji obcigzonego Statycznie w kolejnych przedziatach temperaturowych, Wykazano znaczacy
spadek niezawodnogci drewna klejonego oraz zaobserwowano zwiekszong dynamike wzrosty poziomu zagrozenia po
przekroczeniu temperatury 150°C,

Summary

Due to its properties glued timber is a commonly used materia] nowadays. Such technology enables production of the
structural elements with large cross-sections and considerable span. The glued laminated timber after a proper surface
treatment and with the preserved cross-section parameters, is a low fire spreading material, moreover it is additionally

1. Wstep

Drewno budowlane ma korzystne wlasciwogci fi-
zyczne i technologiczne, wysoka wytrzymatosé oraz
niewielki ciezar wlasny. Wraz z pojawieniem si¢ na
rynku budowlanym wodoodpornych klejéw na ba-
zie zywic syntetycznych oraz zastosowanie prostego
sposobu taczenia wzdhiznego za pomoca ztaczy kli-
nowych, umozliwiajacych znacznie szybszy sposéb
budowania z wykorzystaniem klejonych elementéw

konstrukcyjnych 0 Wymiarach wigkszych niz natu-
ralny produkt wyj$ciowy [1].

Drewno konstrukcyjne klejone warstwowo jest
materiatem coraz czesciej stosowanym w budownj-
ctwie. Poczawszy od budowy doméw jednorodzin-
nych i wielorodzinnych oraz obiektéw wielkogaba-
rytowych typu hale produkeyjne, handlowe, sporto-
we, baseny, koficzac na mostach jednoprzgsiowych
1obiektach mate;j architektury. Do produkcji elemen-

tow z drewna klejonego najczesciej stosowanym ga-
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ANTIPIRENINIAIS TIRPALAIS IMPREGNUOTOS MEDIENOS
UZSILIEPSNOJIMO PRIKLAUSOMYBE NUO MEDIENOS TANKIO

Zbignev Karpovic¢
Vilniaus Gedimino technikos universitetas
El pastas zbigis@gmail.com

Anotacija. Daugelyje 3aliy mediena yra platiai naudojama statybai, o kai kada ji yra pagrindinis statybiniy konstrukcijy
clementas. Pastato konstrukciniams elementams, apdailai naudojama mediena ir jos produktai privalo atitikti prieSgaisri-
nés sangos reikalavimus. Straipsnyje aptariami veiksniai, kurie turi itaka medienos uZsiliepsnojimui: antipireniniy tirpaly
jtaka degimo fazei, medienos tankis ir drégnumas. Taip pat nagrinéjama antipireniniais tirpalais impregnuotos medienos
uZsiliepsnojimo priklausomybé nuo medienos tankio. Tyrimai atlikti pagal LST ISO 5657:1999 standarto ,,Reagavimo i
ugni bandymai — statybiniy gaminiy uZsidegimas veikiant juos Silumine spinduliuote® reikalavimus. Impregnuotos me-
dienos uZsiliepsnojimo priklausomybé nuo medienos tankio vertinama pagal laika iki bandinio uZsiliepsnojimo.

Reik$miniai od¥iai: medienos tankis, medienos drégnumas, impregnavimas, antipireninis tirpalas, uZsiliepsnojimas.

Ivadas

Mediena ir jos produktai daZnai naudojami pastaty
konstrukcijoms ir apdailai (Stevens et al. 2006), o kai
kuriose ¥alyse mediena yra pagrindinis statybiniy konst-
rukcijy elementas (Grexa 2000).

Medienos apsauga nuo ugnies poveikio yra labai ak-
tuali (Gu et al. 2007). Si teigini patvirtina ir R. Stevens
(2006). Jis pabréZia, kad mediena, jos produktai privalo
atitikti vis grieztéjandius ir tobuléjandius prieSgaisrinés
saugos reikalavimus.

Yra nema¥ai impregnavimo biidy ir cheminiy jungi-
niy, naudojamy impregnuoti. Jie ilgina medienos laika iki
uZsiliepsnojimo. Tatiau laikui iki uZsiliepsnojimo ijtaka
turi ir medienos struktiira, drégnumas ir kiti dalykai.

Tiriant antipireniniais tirpalais impregnuota medie-
na, buvo tirtas ir Lietuvoje sertifikuoty antipireniniy tir-
paly efektyvumas (Karpovi¢ 2009), atlickami antipireny
apsauginiy savybiy lyginimo darbai (Karpovi¢ 2008).
Pastebéta, kad impregnuotos medienos laikui iki uZsi-
liepsnojimo gali daryti jtaka medienos tankis.

Literatiiros $altiniuose, nagrinéjandiuose medienos
sandara (Stevens et al. 2006; Wazny et al. 2001; Jagtoyen
et al. 1998; Glinjer 1995; Szczuka et al. 1990; Czajnik et
al. 1958), taip pat medienos impregnavima antipireniniais
tirpalais (Koo ef al. 2001; Grexa 2000; Drysdale 1998; Su
et al. 1997; Subyakto et al. 1998; Rhys 1980; Vandersall
1971), informacijos apie medienos tankio jtaka medienos
uzsiliepsnojimui neaptikta.

Darbo tikslas: idtirti antipireniniais tirpalais impreg-
nuotos medienos uZsiliepsnojimo priklausomybg nuo
medienos tankio.

Bendrosios Zinios, tyrimo objektas

Silumos srautu veikiamoje medienoje vyksta termi-
nis skilimas — pirolizé, kurios rezultatas — lakiy, maZos
molekulinés masés produkty iSsiskyrimas (Nassar ef al.
1999). Lakiis produktai reaguoja su aplinkos ore esanciu
deguonimi — vyksta oksidacijos reakcija, vadinama degi-
mu (Shafizadheh et al. 1979). Medienos degimas suside-
da i§ triju pagrindiniy pakopu: Kkaitimo, pirolizés,
smilkimo ir (arba) uzsiliepsnojimo (Di Blasi ef al. 2008).
Antipireniniai tirpalai kelia degimo fazei inicijuoti reika-
linga aktyvacijos energija (Nassar 1990; Tang 1967),
kartu ilgina iki medienos uZsiliepsnojimo laika.

Mediena — poringoji medZiaga, kurios lasteliy siene-
lés ir vidus yra pripildytas oro arba vandens (Wazny ef al.
2001). Medienos charakteristikas galima pristatyti anali-
znojant jos makroskoping, mikroskoping, cheming sanda-
ra, fizikines savybes. Pagrindinés fizikinés medienos
savybés yra tankis, drégnumas, sugeriamumas ir kita.
Sios ypatybés, veikiamos aplinkos veiksniu, ilgainiui gali
kisti.

Medienos tankij veikia medienos poringumas, drég-
numas, medZio riifis, metiniy Ziedy plotis, amZius, augi-
mo salygos. Tos patios medienos tankis gali skirtis 10—
20 %. Daugelio rudiy tankiausia mediena yra kamieno
apatioje. Kylant { vir§y tankis maZéja (apie 1,5 % kiek-
vienam auk§¢io metrui).

Medienos tankiui taip pat turi jtaka drégme, dél to
§is dydis daZniausiai pateikiamas esant 12-15 % drégnu-
mui. Tokio drégnumo mediena, atsiZvelgiant i tanki,
skirstoma i maZo tankio — p < 550 kg/m®, vidutinio
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tmnkio — p = 550-700kg/m’> ir didelio tankio
jp * 700 kg/m®. Vidutinis 1 m® skirtingy medienos risiy
tankis pateiktas 1 lenteléje. Pastebéta, kad spygliuo€iy
medienos, turinéios siaurus metinius Ziedus, o lapuociy
medienos, turin€ios pladius metinius Ziedus, tankis yra
ilidZiausias.

1 lentelé. Medienos rasiy vidutinis tankis (kg/m®)

{Wazny et al. 2001)

I'able 1. Mean density of different kinds of timber (kg/m®)
(Wazny et al. 2001)

™ . Medienos tankis (kg/m’)

Medienos rasis sausa (15 %) e
K ukmedis 750-940
Akacija 810
AZuolas 740-760 1020-1030
Losis 750 924
Nkroblas 740 988
Hukas 710 968
tluoba 680
K levas 660
HerZas 650 878
Muaumedis 590 833
Alksnis 530
'udis 520 863
Liepa 500
ligle 470 827
Haltegle 450 794
I'iopa 450
Kedras 440

Antipireniniais tirpalais impregnuotos medienos uz-
uiliepsnojimo priklausomybés nuo medienos tankio tyri-
muose naudota puSies ir eglés mediena. Prie§ padengiant
bandinius antipireniniais tirpalais, nustatytas ju drégnu-
mas ir tankis.

Medienos drégnumas nustatomas dviem biuidais
(Wazny et al. 2001). Pirmas— skaiiuojamasis biuidas,

antras — naudojamasi elektriniu drégmés matuokliu. Ty-
rimuose bandiniy drégnumas nustatomas elektroniniu
matuokliu, o tankis — bandinius matuojant ir sveriant.
I[vertinus pusies ir eglés medienos bandiniy tanki, bandi-
niai padengti Lietuvoje sertifikuotais antipireniniais tirpa-
lais Flamasepas-2 ir BAK-1.

Tyrimy metodika, rezultatai

Tyrimai atlikti PrieSgaisrinés apsaugos ir gelb&jimo
departamento prie Vidaus reikaly ministerijos Gaisriniy
tyrimy centro laboratorijoje. Tyrimy jranga ir bandymo
eiga atitinka LST ISO 5657:1999 standarto ,,Reagavimo i
ugni bandymai — statybiniy gaminiy uZsidegimas veikiant
juos Silumine spinduliuote reikalavimus. Bandymas
buvo nutraukiamas, jei, pra¢jus 900 sekundZiy nuo ban-
dymo pradZios, bandinys neuZsiliepsnodavo.

Tyrimai atlikti veikiant bandinius 30, 35, 40, 45,
50 kW/m® ¥ilumos srautais. Medienos uZsiliepsnojimo
priklausomybé nuo medienos tankio vertinama pagal
laika iki bandinio uZsiliepsnojimo. Tyrimuose naudotos
pusies medienos bandiniy vidutinis tankis — 538 kg/m’,
tankio skirtumas sieké 8 %, eglés medienos bandiniy
vidutinis tankis— 446 kg/m’, tankio skirtumas sieké
10 %. Vidutinis bandiniy drégnumas — 15 %.

Tyrimy rezultatai esant 30, 35 kW/m? ilumos srau-
tui, pateikti 2 lentel¢je. Impregnuoti pusies ir eglés me-
dienos bandiniai, paveikti 30, 35 kW/m? §ilumos srautu,
pra¢gjus bandymui skirtam laikui, neuZsiliepsnojo.
Impregnuoty pusies ir eglés medienos bandiniy, paveikty
40, 45, 50 kW/m? ¥ilumos srautu, vidutinis laikas iki
uzsiliepsnojimo, atsizvelgiant { medienos tanki ir antipi-
reninj tirpala, pateiktas 1, 2 ir 3 paveiksluose.

2 lentelé. Pusies ir eglés medienos bandiniy tyrimo rezultatai esant 30, 35 kW/m? $ilumos srautui
'I'able 2. Pine and fir timber specimen results with given heat flow of 30, 35 kW/m?

Pusis Egle
&ilumos Flamasepas-2 BAK-1 Flamasepas-2 BAK-1
p— vidutinis bandymo vidutinis bandymo vidutinis bandymo vidutinis bandymo
KW, /mz, bandinio laikas, s bandinio laikas, s bandinio laikas, s bandinio laikas, s
tankis, tankis, tankis, tankis,
kg/m® kg/m® kg/m’ kg/m’
10 529,1 >900 526,3 >900 422,1 >900 430,3 >900
535,2 >900 541,3 >900 4273 >900 442,7 >900
566 >900 550,5 >900 441,5 >900 476,3 >900
15 547,5 >900 509,1 >900 424,7 >900 447,1 >900
554,9 >900 529,7 >900 429,2 >900 453,9 >900
563,3 >900 550,7 >900 432 >900 456 >900
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2 =PMB padengti BAK-1
4=——EMB padengti BAK-1

1 === PMB padengti Flamasepas-2
3 = EMB padengti Flamasepas-2

100 150 200 250 300 350
Laikas iki uZsiliepsnojimo, s

1 pav. Pusies ir eglés medienos bandiniy, paveikty 40 kW/m?
$ilumos srautu, vidutinio laiko iki uZsiliepsnojimo priklauso-
mybé nuo medienos tankio ir antipireninio tirpalo (pusies
medienos bandiniai — PMB, eglés medienos bandiniai — EMB)
Fig. 1. Dependence of pine and fir timber specimen affected
with heat flow of 40 kW/m? density and fire retardant type (pine
timber specimens — PMB, fir timber specimens — EMB) on the
mean duration before combustion

Paveikus pusies ir eglés bandinius 40 kW/m? &ilu-
mos srautu, nustatyta, kad pufies medienos bandiniy,
padengty antipireniniu tirpalu Flamasepas-2, tankiui
padidéjus 49 kg/m’®, laikas iki uZsiliepsnojimo pailgéja
75 s, pusies medienos bandiniu, padengty antipireniniu
tirpalu BAK-1, tankiui padidéjus 20 kg/m’, laikas iki uZsi-
liepsnojimo pailgéja 106 s, eglés medienos bandiniy,
padengty antipireniniu tirpalu Flamasepas-2, tankijui
padidéjus 13 kg/m®, laikas iki uZsiliepsnojimo pailgéja
73 s, eglés medienos bandiniy, padengty antipireniniu
tirpalu BAK-1, tankiui padidéjus 75 kg/m’, laikas iki uZsi-
liepsnojimo pailgéja 71 s.

1 === PMB padengti Flamasepas-2 2 =—PMB padengti BAK-1
3 ——EMB padengti Flamasepas-2 4 —EMB padengti BAK-1

560 5

540
B 520 1
& 500 1
“ 480 4 :
2 460 - T
[ 440 4 & f————
420
400 T ! T

50 100 150 200 250

Laikas iki uzsiliepsnojimo, s

2 pav. Pusies ir eglés medienos bandiniy, paveikty 45 KW/m?
Silumos srautu, vidutinio laiko iki uZsiliepsnojimo priklaus.o-
mybé nuo medienos tankio ir antipireninio tirpalo (pusies
medienos bandiniai — PMB, eglés medienos bandiniai — EMB)
Fig. 2. Dependence of pine and fir timber specimen affected
with heat flow of 45 kW/m? density and fire retardant type (pine
timber specimens — PMB, fir timber specimens — EMB) on the
mean duration before combustion

Paveikus pusies ir eglés bandinius 45 kW/m? %ilu-
mos srautu, nustatyta, kad: pusies medienos bandiniy,
padengty antipireniniu tirpalu Flamasepas-2, tankiui
padidéjus 23 kg/m’®, uzsiliepsnojimo laikas pailgéja 37 s,

pusies medienos bandiniy, padengtu antipireniniu tirpalu
BAK-1, tankiui padidéjus 41 kg/m’, uZsiliepsnojimo lai-
kas pailgéja 67s, eglés medienos bandiniy, padengty
antipireniniu tirpalu Flamasepas-2, tankiui padidéjus
9 kg/m’®, uzsiliepsnojimo laikas pailgéja 33 s, eglés me-
dienos bandiniy, padengty antipireniniu tirpalu BAK-1,
tankiui padidéjus 67 kg/m®, uZsiliepsnojimo laikas
pailgéja 15 s.

1 =—PMB padengti Flamasepas-2 2 ===PMB padengti BAK-1
3 =—EMB padengti Flamasepas-2 4 =—EMB padengti BAK-1

560
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E 500
o 480
il
B~ 440 7
420
400 T . ; : : ; ;

5 1 9 11 13 15 17 19 21

Laikas iki uZsiliepsnojimo, s

3 pav. Pusies ir eglés medienos bandiniy, paveikty 50 kW/m?
Silumos srautu, vidutinio laiko iki uZsiliepsnojimo priklausp-
mybé nuo medienos tankio ir antipireninio tirpalo (pusies
medienos bandiniai — PMB, eglés medienos bandiniai — EMB)
Fig. 3. Dependence of pine and fir timber specimen affec‘ged
with heat flow of 50 kW/m? density and fire retardant type (pine
timber specimens — PMB, fir timber specimens — EMB) on the
mean duration before combustion

Paveikus pusies ir eglés bandinius 50 kW/m? $ilu-
mos srautu, nustatyta, kad puSies medienos bandiniy,
padengty antipireniniu tirpalu Flamasepas-2, tankiui
padidéjus 13 kg/m®, laikas iki uZsiliepsnojimo pailgéja
55, pusies medienos bandiniy, padengty antipireniniu
tirpalu BAK-1, tankiui padidéjus 65 kg/m’, laikas iki uZsi-
liepsnojimo pailgéja 4 s, eglés medienos bandiniy, pa-
dengty antipireniniu tirpalu Flamasepas-2, tankiui
padidéjus 30 kg/m®, laikas iki uZsiliepsnojimo pailgéja
65, eglés medienos bandiniy, padengty antipireniniu
tirpalu BAK-1, tankiui padidéjus 18 kg/m’, laikas iki uZsi-
liepsnojimo pailgéja 8 s.

I¥vados

1. Antipireniniais tirpalais impregnuotos medienos
tankio jtakos uZsiliepsnojimui, kai §ilumos srautas yra iki
40 kW/m?, pagal naudota bandymu metodika nustatyti
negalima. Siuo atveju uZsiliepsnojimo laikas didesnis
kaip 900 s.

2. Medienos tankis daro itaka antipireniniais tirpa-
lais impregnuotos medienos uZsiliepsnojimui, kai Silumos
srautas yra nuo 40 kW/m? iki 45 kW/m’:

2.1. Didéjant pudies medienos, padengtos antipire-
niniu tirpalu Flamasepas-2, tankiui, uZsiliepsnojimo lai-
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kun, owant 40 kW/m* Silumos srautui, gali pailgéti
{6 karto, esant 45 kW/m? Silumos srautui — 1,4 karto;

2.2, Didéjant puies medienos, padengtos antipire-
iindu trpalu BAK-1, tankiui, uZsiliepsnojimo laikas esant
40 kW/m’ Silumos srautui, gali pailgéti 1,9 karto, esant
14 kW/m” ¥ilumos srautui — 1,7 karto;

2.3, Didé¢jant eglés medienos, padengtos antipireni-
niu tirpalu #lamasepas-2, tankiui, uZsiliepsnojimo laikas,
ounnt 40 kW/m?* Silumos srautui, gali pailgéti 1,4 karto,
enint 45 kW/m? gilumos srautui — 1,2 karto;

2.4, Didéjant eglés medienos, padengtos antipireni-
il tirpalu BAK-1, tankiui, uZsiliepsnojimo laikas, esant
10 kW/m” Silumos srautui, gali pailgéti 1,3 karto, esant
15 kW/m” ¥ilumos srautui — 1,2 karto.

}, Did¢jant Silumos srautui, antipireniniais tirpalais
impregnuotos medienos uZsiliepsnojimo laiko priklauso-
inyhé nuo medienos tankio mazéja.

4. ligant 50 kW/m? $ilumos srautui, antipireniniais
iipulais impregnuota mediena uZsiliepsnoja grei¢iau nei
pier 20 #, tai yra medienos tankis uZsiliepsnojimui esmi-
iéu {tukos neturi.
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THE INFLUENCE OF FLAME RETARDANT TREATED
TIMBER DENSITY ON COMBUSTIBILITY

Z. Karpovi¢
Summary

Timber is widely used as a construction material in the
majority of countries. In most cases, timber is the main struc-
tural material. Timber and timber fabrics used in building struc-
ture elements have to fulfill the requirements of fire safety. This
article presents factors affecting the combustibility of timber,
mainly the influence of flame retardants on the combustion
phase, timber density and moisture. The influence of flame
retardant treated timber density on combustibility is analyzed in
this paper. Research was performed according to the require-
ments of the standard LST ISO 5657:1999 “Reaction to fire
tests — ignitibility of building products using a radiant heat
source”. The influence of flame retardant treated timber density
on combustibility is assessed according to duration up to the
combustion of the specimen.

Keywords: timber density, timber moisture, treatment, flame
retardant, combustibility.
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Sviesti visuomene ir nuo vaikystés diegti tinkamus danty
prieZitros bei mitybos jgtdZius.
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ORAL HEALTH STATE OF 7-8 YEARS OLD SCHOOLCHILDRIN
IN KAUNAS

Jauné Razmiené, Simona Mil¢iuviené

Summary

Key words: dental caries, prevalence, experience, DMI'1, diml
oral hygiene, gingivitis.

The aim of the present study was to evaluate the prevalence anil
experience of dental caries and other oral diseases of 7-8 year-oldls
group schoolchildren in Kaunas, especially the probability of dental
caries with pulp involvement beginning were of great importance

The study was performed using World Health Organization
diagnostic criteria. The caries prevalence and experience of primiary
and permanent dentition were estimated, oral hygiene level was o
terminate using a Silness-Loe index, the prevalence of gingivitis anil
malocclusion were evaluated.

Distribution of dental caries in the primary dentition and in tho
permanent dentition were 96,6% and 38,2%, respectively. The dmf wi
6,4 (3,0) and the DMFT was 1,0. The prevalence of dental caries witl
pulp involvement consisted 57,5-58,1% of dmf, and 0,5% of DM |
Oral hygiene status of schoolchildren was poor (Silness-Loe inclex- 1,5)
even 37,5% children brushed teeth infrequently or never. The increase
numbers of gingivitis, non-carious diseases, malocclusion were witl)
age. According to finding of study, it is necessary to turn attention o
treatment of permanent and primary teeth at proper time, to selection
of caries preventive methods to particulate this age group.
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PUSIES MEDIENOS IR KAMSTINIO AZUOLO
PAVOJINGUMAS SMILKIMO METU

ZBIGNEV KARPOVIC, RITOLDAS SUKYS
Vilniaus Gedimino technikos universitetas

RaktaZodziai: gaisras, degimas, smilkimas, kenksmingi
degimo produktai, anglies monoksidas, puSies mediena

kamstinis gZuolas, Silumos srautas.

Santrauka

Per paskutinius penkerius metus Lietuvoje kasmet
vidutiniskai po 280 Zmoniy Zuvo gaisruose. Apsi-
nuodijimas kenksmingais degimo produktais yra
prieZastis, dél kurios gaisry metu mirsta nuo 60%
iki 80% Zmoniy. Galima isskirti du degimo tipus:
degima, kurio metu bina liepsna, $is degimas vadi-
namas smilkimu ir degima, kurio metu pasireiskia
liepsna. Smilkimas — tai létas, Zemose temperattirose
be liepsnos vykstantis degimo procesas. Smilkimas
lyginant su degimu, kurio metu pasireiskia liepsna,
yra pavojingesnis, nes jo metu issiskiria Zymiai
daugiau kenksmingy degimo produkty. Siame
straipsnyje analizuojama anglies monoksido (CO),
azoto oksido (NO), vandenilio chlorido (HCL), van-
denilio cianido (HCN) ir amoniako (NH,) emisija
pusies medienos ir kamstinio aZuolo smilkimo metu,
jos kaita keicCiantis Silumos srauto intensyvumui ir
jvertinta bei palyginta jos keliama gréesme Zmogaus
sveikatai ir gyvybei.

[VADAS

Per paskutinius penkerius metus Lietuvoje kasmet vi-
dutinigkai po 280 Zmoniy Zuvo gaisruose. 100 tokstanciy
Lietuvos gyventojy pernai teko 8 gaisruose Zuve Zmones.
Sis rodiklis islieka vienas auksc¢iausiy tarp kity Europos
Sajungos 3aliy. Be to, pernai pagal §j rodiklj Lietuva ap-
lenké Latvija ir Estija [1].

Degimo metu, susiduriama su veiksniais, kurie sukelia
pavojy Zmonéms, esantiems pastate ar vykdantiems gel-
béjimo darbus. Tokiais veiksniais yra [2-4]:
degimo produkty kenksmingumas,
liepsna ir auksta temperatdra,
deguonies koncentracijos sumazéjimas,
konstrukcijy nestabilumas,
matomumo sumazéjimas.

Intensyvus kenksmingy dujy ir gary susidarymas ir grei-
tas jy sklidimas patalpose bei evakuaciniuose keliuose vyks-
ta jau pradinéje gaisro stadijoje. Sios dujos sukelia didelj
pavojy gyvybei, netgi karta jy jkvépus. Statistika rodo, jog
apsinuodijimas toksiniais degimo produktais yra prieZastis,
deél kurios gaisry metu mirsta nuo 60% iki 80% zmoniy [2].

Galima i8skirti du degimo tipus: degima, kurio metu
nepasireiskia liepsna, $is degimas vadinamas smilkimu
ir degima, kurio metu pasireidkia liepsna. Smilkimas — tai
létas, Zemose temperatirose be liepsnos vykstantis degimo
procesas. Kai medZiagy smilkimas stabilizuojasi, j aplinka
igsiskiria daugiau kenksmingy dujy. Smilkimas gali vykti
nepastebimai, esant tam paciam greiciui arba peraugti |
degima, lydima liepsnos [5]. Smilkimas lyginant su de-
gimu, kurio metu pasireiskia liepsna, yra pavojingesnis,
nes jo metu i$siskiria zymiai daugiau kenksmingy degimo
produkty [6].

Lietuvoje analizuojami veiksniai, kurie neigiamai veikia
Zmogaus sveikatos bukle. Tai vibracija, triuksmas, elektro-
magnetinis laukas [7], stresas [8], gyvenimo kokybé [9],
psichologinis organizacijos klimatas [10], lakieji organiniai
junginiai (benzolas) [11], socialiniai ekonominiai veiksniai
[12] ir kita.

Darbo tikslas — nustatyti kenksmingy dujy emisija pu-
Sies medienos ir kamstinio azuolo smilkimo metu, aptarti
ir i3analizuoti tyrimy metu gautus rezultatus, susijusius
su kokybiniu ir kiekybiniu kenksmingy dujy issiskyrimu,
jo kaita kei¢iantis Silumos srauto intensyvumui ir jvertinti
bei palyginti jos keliama grésme Zmogaus sveikatai ir
gyvybei.

TYRIMU OBJEKTAS, METODAS IR REZULTATAI

Tyrimams naudota pusies mediena ir kamstinis gZuolas,
kurio produktai naudojami apdailai. Informacijos apie
kamétinio aZuolo pavojinguma gaisro metu yra nedaug,
esanti yra neissami. Tyrimai atlikti VarSuvos aukstojoje
priesgaisrinés gelbéjimo tarnybos akademijoje prietaisu,
kuris smilkimo metu leidZia nustatyti [13]: temperatdrg
bandinio pavirdiuje ir jo viduje, bandinio masés kaita
laike, emituojamas kenksmingas dujas ir jy koncentracija,
deguonies koncentracija dujose, kurios susidaré bandymo
metu.

Tyrimuose naudoti 0,04 m? bandiniai. Pusies ir kams-
tinio azuolo plokstéms atlikta po keturis bandymus esant
skirtingam $ilumos srauto tankiui. Pirmu atveju bandiniai
buvo paveikti 8 kW/m? Silumos srautu, antru — 10 kW/m?.
Bandymas nutraukiamas tada, kai temperatiira bandymy
kameroje pradédavo staigiai kilti, tai reiské, kad smilkimas
peréjo j degima, lydima liepsnos. Bandymy rezultaty vidur-
kiai pateikti 1 — 5 pav.

Veikiant pugies bandinius 8 kW/m? $ilumos srautu
po 6 min., kai bandinio pavirdiaus temperattra pasieké

Adresas susirasinéti: Zbignev Karpovic, el. p.: Zbigis@gmail.com
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90°C, sensorius pradédavo registruoti anglies monoksida.
Bandymo metu per 150 min. vidutiniskai i$siskyré 26,17
g anglies monoksido. Veikiant pugies bandinius 10 kW/m?
Silumos srautu sensorius pradédavo registruoti anglies mo-
noksida po 4 min. Bandymo metu per 80 min. vidutinigkai
iSsiskyré 46,04 g anglies monoksido. Veikiant kamstinio
azuolo bandinius 8 kW/m? $ilumos srautu po 5 min., kai
bandinio pavirsius pasieké 130°C temperatiirg, sensorius
pradédavo registruoti anglies monoksida. Bandymo metu
per 135 min. vidutiniskai issiskyré 5,9 g anglies monoksido.
Veikiant kamstinio gZuolo bandinius 10 kW/m? ilumos
srautu sensorius pradédavo registruoti anglies monoksida
po 4 min. Bandymo metu per 140 min. vidutinigkai issi-
skyré 17,1 g anglies monoksido.

Veikiant pusies bandinius 8 kW/m? §ilumos srautu po 8
min., kai bandinio pavirsiaus temperatira pasieké 100°C,
sensorius pradédavo registruoti azoto oksidg. Bandymo
metu vidutiniskai issiskyré 3,79 g azoto oksido. Veikiant
pusies bandinius 10 kW/m? $ilumos srautu sensorius
pradédavo registruoti azoto oksida po 5 min. Bandymo

——KA 8 KW/m2 —e—KA 10 kW/m2|
—E-P8KW/mM2 =P 10 kW/m2 |

48000
42000
36000
30000
24000
18000 1 -
12000
6000

CO issiskyrimas, mg

0 17 33 50 67 83 100 117 133 150

Laikas, min.

1 pav. Vidutiné anglies monoksido i$siskyrimo priklausomy-
bé nuo bandinio (kamstinis gZuolas — KA, pusis — P) ir Silu-
mos srauto.

1

——KABKW/M2 —e—KA10 kW/rn;ZA‘
|

l —&— P 8 kW/m2

—>— P 10 kW/m2

NO issiskyrimas, mg

0 17 33 50 67 83 100 117 133 150

Laikas, min.

2 pav. Vidutiné azoto oksido i$siskyrimo prildausomybé
nuo bandinio (kamstinis aZuolas — ICA, pusis — P) ir $ilumos
srauto.

metu vidutiniskai iSsiskyré 4,11 g azoto oksido. Veikiant
kamstinio gZuolo bandinius 8 kW/m? $ilumos srautu po 26
min., kai bandinio pavirSius pasieké 180°C temperatira,
sensorius pradédavo registruoti azoto oksidg. Bandymo
metu vidutinikai iSsiskyré 1,3 g azoto oksido. Veikiant
kamstinio gzuolo bandinius 10 kW/m? $ilumos srautu
sensorius pradédavo registruoti azoto oksida po 10 min.
Bandymo metu vidutiniskai i$siskyré 1,8 g azoto oksido.

Veikiant pusies bandinius 8 kW/m? &ilumos srautu
po 9 min., kai bandinio pavirSiaus temperatira pasieke
110°C, sensorius pradédavo registruoti vandenilio chlorida.
Bandymo metu vidutinikai i3siskyré 5,12 g vandenilio
chlorido. Veikiant pusies bandinius 10 kW/m? $ilumos
srautu sensorius pradédavo registruoti vandenilio chlori
da po 6 min. Bandymo metu vidutiniskai issiskyré 4,73 g
vandenilio chlorido. Veikiant kamstinio gZuolo bandinius
8 kW/m? silumos srautu po 35 min., kai bandinio pavirgius
pasieké 190°C temperatira, sensorius pradédavo registruoli
vandenilio chloridg. Bandymo metu vidutinigkai issiskyrc
1,1 g vandenilio chlorido. Veikiant kamstinio gzuolo

——KA8kW/m2 —&— KA 10 kW/m2
—8-P8KW/M2  — P 10 KW/m2

5400 —
4800 -
4200
3600
3000
2400
1800 1
1200
600

HCL i$siskyrimas, mg

0 17 33 50 67 83 100 117 133 150
Laikas, min.

3 pav. Vidutiné vandenilio chlorido i$siskyrimo priklauso-
mybé nuo bandinio (kamstinis aZzuolas — KA, pusis — P) ir
$ilumos srauto.

—A—KABKW/m2 —e—KA 10 kW/m2
—8-P8KW/M2 —X—P 10 kW/m2

2400 -
2000
1600 -
1200 |

800

HCN issiskyrimas, mg

400

Laikas, min.

4 pav. Vidutiné vandenilio cianido i$siskyrimo prildausomy-
bé nuo bandinio (kamstinis azuolas — ICA, pusis — P) ir $ilu-
mos srauto.
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bandinius 10 kW/m? §ilumos srautu sensorius pradédavo
registruoti vandenilio chlorida po 6 min. Bandymo metu
vidutiniskai issiskyré 2,6 g vandenilio chlorido.

Veikiant pusies bandinius 8 kW/m? Silumos srautu
po 16 min., kai bandinio pavirSiaus temperattra pasieké
150°C, sensorius pradédavo registruoti vandenilio cianida.
Bandymo metu vidutiniskai issiskyré 1,1 g vandenilio cia-
nido. Veikiant pusies bandinius 10 kW/m? Silumos srautu
sensorius pradédavo registruoti vandenilio cianida po 15
min. Bandymo metu vidutinikai issiskyré 2,41 g vandenilio
cianido. Veikiant kamstinio aZuolo bandinius 8 kW/m?
gilumos srautu po 37 min., kai bandinio pavirSius pasieké
195°C temperatlra, sensorius pradédavo registruoti van-
denilio cianidg. Bandymo metu vidutiniskai issiskyré 0,05
g vandenilio cianido. Veikiant kamstinio aZzuolo bandinius
10 kW/m? Silumos srautu sensorius pradédavo registruoti
vandenilio cianida po 13 min. Bandymo metu vidutiniskai
i8siskyré 0,41 g vandenilio cianido.

Veikiant pusies bandinius 8 kW/m? Silumos srautu po
25 min., kai bandinio pavirsiaus temperatara pasieké 170°
C, sensorius pradédavo registruoti amoniaka. Bandymo
metu vidutiniSkai issiskyré 0,49 g amoniako. Veikiant pusies
bandinius 10 kW/m? ilumos srautu sensorius pradédavo
registruoti amoniaka po 19 min. Bandymo metu viduti-
niskai i8siskyré 1 g amoniako. Veikiant kamstinio gzuolo
bandinius 8 kW/m? §ilumos srautu amoniako isiskyrimas
neuZregistruotas. Veikiant kamstinio gZuolo bandinius 10
kW/m? gilumos srautu po 14 min., kai bandinio pavirsius

—e— KA 10 kW/m2 —g—P 8 kW/m2
—¢ P 10 kW/m2

NH3 iSsiskyrimas, mg

Laikas, min.

5 pav. Vidutiné amoniako i$siskyrimo priklausomybé nuo ban-
dinio (kams§tinis aZuolas — ICA, pusis — P) ir $ilumos srauto.

1 Lentelé. Kenksmingy medziagy kiekiai i$siskyre i§ 1 m? pu-
$ies medienos ir kamstinio aZuolo.

Bandiniai Kenksningos medZiagos, g

CcO NO HCL | HCN | NH;
Pusis 902,5 98,75 123,25 44 18,75
Kamstinis 287,5 38,75 46,25 | 5,75 3
aZuolas

pasieké 200°C temperatdirg, sensorius pradédavo registruoti
amoniaka. Bandymo metu vidutiniskai i$siskyré 0,12 g
amoniako.

REZULTATU ANALIZE

Kenksmingy degimo produkty kiekis ir jy koncentracija
patalpoje smilkimo metu labiausiai priklauso nuo smilks-
tanc¢ios medziagos, jos ploto, smilkimo laiko bei patalpos
tario. Kenksmingy degimo produkty kiekiai, kurie verti-
nant tyrimy duomenis i3siskirty i$ 1T m? pusies medienos ir
kamétinio aZuolo pateikti 1 lenteléje.

Kenksmingy degimo produkty koncentracijos pri-
klausomybé nuo patalpos tario ir jy poveikis Zzmogaus
sveikatai, smilkstant 1 m? pugies medienos ar kamstinio
azuolo, pateiktas 6-11 pav. Kenksmingy degimo produk-
ty poveikis Zmogui vertintas remiantis 14-18 literataros
Saltiniy duomenimis.

Mirtina anglies monoksido koncentracija smilkstant
1 m? pusies medienos-islieka, jei patalpos taris yra iki
90 m?. Tuo tarpu smilkstant 1 m? kamstinio aZuolo i
koncentracija pasiekiama tik mazesnése nei 30 m? tario
patalpose (6 pav.).

Mirtina azoto oksido koncentracija smilkstant T m? pu-
Sies medienos islieka, jei patalpos ttris yra iki 100 m?. Tuo
tarpu smilkstant T m? kamstinio azuolo $i koncentracija pa-
siekiama tik mazesnése nei 60 m?® tario patalpose (7 pav.).

Mirtina vandenilio chlorido koncentracija smilks-
tant 1 m? puSies medienos islieka, jei patalpos taris yra
iki 50 m3. Tuo tarpu smilkstant 1 m? kamstinio azuolo $i
koncentracija pasiekiama tik mazesnése nei 20 m? tdrio
patalpose (8 pav.).

Mirtina vandenilio cianido koncentracija smilkstant
1 m? pusies medienos iSlieka, jei patalpos taris yra iki
100 m3. Tuo tarpu smilkstant 1 m? kamstinio aZuolo i
koncentracija pasiekiama tik maZesnése nei 15 m? tdrio
patalpose (9 pav.).

Mirtina amoniako koncentracija smilkstant T m? pusies
medienos islieka, jei patalpos taris yra iki 15 m3. Tuo tarpu
smilkstant 1 m? kamstinio gZuolo $i koncentracija didesné-
se kaip 10 m® tdrio patalpose nepasiekiama (10 pav.).

Tyrimy metu gautus duomenis galima analizuoti esant
nekintamam patalpos tariui. Siuo atveju gaunama kenks-
mingy degimo produkty koncentracijos priklausomybé
nuo laiko.

Mirtina anglies monoksido koncentracija smilkstant
1 m? pusies medienos 50 m® patalpoje pasiekiama vidu-
tiniskai po 70 min. Tuo tarpu smilkstant T m? kamstinio
azuolo 50 m? patalpoje $i koncentracija nepasiekiama net
po 135 min. (11 pav.).

Mirtina vandenilio cianido koncentracija smilkstant
1 m? pudies medienos 50 m?* patalpoje pasiekiama vidu-
tiniskai po 68 min. Tuo tarpu smilkstant T m? kamstinio
azuolo 50 m? patalpoje $i koncentracija nepasiekiama net
po 110 min. (12 pav.).
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2009 m.

—o—1m2P

——1m2 KA
—— Mirtis po1-3 min.
Galvos skausmas, kvepavimo sutrikimas po 1,5 val.
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6 pav. Anglies monoksido koncentracijos prildausomybé
nuo patalpos tario ir poveikis Zmogui, smilkstant 1 m? pu-
sies medienos ar kamstinio gZuolo (kamstinis gZuolas — KA,
pusis - P).

—o—1m2 P

——1m2 KA
—— Plauciy funkcijos sutrikimas, mirtis po keliy min.
Kvépavimo taky dirginimas, galvos svaigimas po keliy min.
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8 pav. Vandenilio chlorido koncentracijos priklausomyb¢
nuo patalpos tirio ir poveikis Zmogui, smillkstant 1 m? pu-
Sies medienos ar kamstinio aZzuolo (kamstinis gzuolas — KA,
pusis - P).

7 pav. Azoto oksido koncentracijos priklausomybé nuo patal-
pos tario ir poveikis Zzmogui, smilkstant 1 m? puSies medienos
ar kamstinio azuolo (kamstinis aZuolas — ICA, pusis - P).

ISVADOS

1. Intensyvus kenksmingy dujy ir gary susidarymas ir
ju sklidimas patalpose prasideda pradingje gaisro stadi-
joje. Sios dujos sukelia didelj pavojy zmogui. Apsinuo-
dijimas kenksmingais degimo produktais yra prieZastis,
dél kurios gaisry metu mirsta nuo 60% iki 80% Zmoniy.

2. Smilkimas lyginant su degimu, kurio metu pasireiskia
liepsna, yra pavojingesnis, nes jo metu isiskiria Zymiai dau-
giau kenksmingy degimo produkty. Kenksmingos medzia-
gos smilkimo metu pradeda skirtis prie 90°C temperataros.

3. Jvertinus bandymy rezultatus, i$ T m? pusies medie-
nos issiskirty 1187 g kenksmingy medziagy. I3 to paties
kiekio kamstinio aZzuolo iSsiskirty 381 g kenksmingy me-
dZiagy. Pusies mediena Siuo pozidriu vidutiniskai 3 kartus
pavojingesné nei kamétinis gZuolas.

4. Pavojinga gyvybei anglies monoksido, azoto oksido,
vandenilio cianido koncentracija, smilkstant T m? pugies
medienos, susidaro 95 m? patalpoje, o smilkstant kamsti-

—o—1m2P

——1m2 KA

—— Staigi mirtis

IStveriama 30 - 60 min. be tolimesniy pasekmiy

2 5000
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=]
£ 4000
S
‘s 3000
s
S 2000
o
c
£ 1000 "
Z
g 0 . T AN A A NNDNAAAA DA

0 10 20 30 40 50 60 70 80 90 100
Patalpos tiris, m3

9 pav. Vandenilio cianido koncentracijos prildausomybé nuo
patalpos tario ir poveikis Zmogui, smilkstant 1 m? pusies
medienos ar kamstinio aZuolo (kamstinis gZuolas — KA, pu-
$is — P).

—o—1m2P
—a—1m2 KA
—— Mirtis per kelias min.
AKiy, gerklés dirginimas, iStveriama 30 - 60 min.
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0 10 20 30 40 50 60 70 80 90 100
Patalpos ttris, m3

10 pav. Amoniako koncentracijos prildausomybé nuo patalpos
tario ir poveikis Zmogui, smilkstant 1 m? pusies medienos ar
kamstinio azuolo (kamstinis azuolas — KA, pusis — P).

11 pav. Anglies monoksido koncentracijos priklausomybé
nuo laiko ir poveikis Zmogui, smillstant 1 m? pusies medie-
nos arba kamstinio azuolo 50 m? patalpoje (kamstinis aZuo-
las - KA, pusis - P).

—o—1m2P
——1m2 KA
— Staigi mirtis
Itveriama 30 - 60 min. be tolimesniy pasekmiy,
900
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HCN koncentracija, mg/m3

Laikas, min.

12 pav. Vandenilio cianido koncentracijos priklausomybé
nuo laiko ir poveikis Zmogui, smillstant 1 m? pusies medie-
nos arba kamstinio gzuolo 50 m? patalpoje (kamstinis gzuo-
las — KA, pusis - P).

niam azuolui tokia koncentracija bus daugiau nei dvigubai
mazesnio tario patalpoje.

5. Mirtina anglies monoksido ir vandenilio cianido
koncentracija, smilkstant T m? pusies medienos 50 m* pa-
talpoje, pasiekiama vidutiniskai po 70 min., o smilkstant 1
m? kamétinio aZuolo mirtina koncentracija nepasiekiama
net po 110 min.

Literatara

1. Brushlinsky N. N., Hall J. R., Sokolov S. V., Wagner P. World fire
statistics. Report No. 13, second edition. CTIF International association
of fire and rescue service. 2008; 542.

2. Kolbrecki A. Toksycznoé¢ i dymotworczo$é wyrobow budow-
lanych. Katowice. 2000; 300.

3. Seficzuk W. Toksykologia. Warszawa. Wydawnictwo Lekarskie
PZWL. 1999; 182.

4. Vipanuuxos B. II., Kmroc II. II. CnpaBOYHUK PYKOBOJUTENSt
TyeHus noxapa. Mocksa. 1987; 287 c.

5. Birk A. M. Bleve. Canada. 1995; 29.

6. Borkowski R., Jaskétowski W., Piechocka E., Potka M. Fizykoche-
mia spalania i wybuchéw, ¢wiczenia laboratoryjne. Warszawa. 1996; 45.

7. Salyga J., Malakauskiené R. Occupational and environmental
mortality and morbidity among seamen: literature review. Sveikatos
mokslai. 2007; 1: 667-671.

8. Darginaviciené R.; Drungiliené D. Slaugytojy emociné bsena
slaugant mirstanciuosius. Sveikatos mokslai. 2008; 6(60): 2084-2089.

9. Raskeliené V.; Babarskiené M. R.; Macijauskiené J. Sirdies ir
kraujagysliy ligy rizikos veiksniy sasajos su gyvenimo kokybe. Svei-
katos mokslai. 2008; 6(60): 2045-2050.

10. Valiuliené Z. Psichologinio spaudimo raiska sveikatos prie-
Ziaros darbuotojy kolektyve. Sveikatos mokslai. 2008; 6(60): 1983-
1986.

11. Bikbajeva Z. Bednzene in ambient air of petrol filling stations.
Sveikatos mokslai. 2008; 5(59): 1951-1954.

12. Juozulynas A.; Jurgelénas A.; Prapiestis J.; Jankauskené K.;
Gocentas A. Socialiniai, ekonominiai veiksniai ir gyvenimo kokybé.
Sveikatos mokslai. 2008; 3(57): 1590-1594.

13. Klimczak S. Stanowisko.do pomiaru stezen gazéw toksycz-
nych powstajacych podczas rozktadu bezptomieniowego statych
materiatow palnych. Warszawa. 1998; 35.

14. Zukas A.; Matiulaitis R.; Sukys R. Saugus statybiniy produkty
panaudojimas priegaisriniu pozidriu. Vilnius. 2005; 53.

15. Vimnukns B. C. TOKCMYHOCTD IPOLYKTOB TOPEHMSI ITONIMMEPHBIX
matepuanos. [lpuHimb 1 Merogs: onpenenerys. C.-Tlerep6ypr. 1993;136.

16. Gausepohl H.; Warzelhan V.; Makrom A. Chemie. 1997;
244:17-41.

17. Baruep E.; [Tapramr A. OmacHOCTb fipiMa 1 {pIMO3aLiyuTa. MocKsa.
1983; 152.

18. Kaplan H. L.; Grand A. F.; Hartzell G. E. Combustion Toxico-

logy. Principles and Test Methods. Lancaster. 1983; 46.

RISKINESS OF SMOULDERING PINE WOOD AND

CORK-OAK

Zbignev Karpovic, Ritoldas Sukys

Summary

Key words: fire, combustion, smoulder, hazardous combustion
wastes, carbon monoxide, pine wood, cork-oak, heat source

Meanly 280 people per annual lost their life in fire during last five
years in Lithuania. Intoxication with hazardous combustion waste is the
main reason of death in 60% up to 80% cases. It is possible to divide
combustion into two types: combustion without flame, this process is
called smouldering, and combustion with flame. Smouldering is a slow
process, processing in low temperatures without flame. In comparison
with combustion, in which the flame occurs, smouldering causes
higher risk. More hazardous combustion wastes are disposed in the
process of smouldering. This article analysis the emission of: the carbon
oxide (CO), nitrogenous oxide (NO), hydrochloric (HCL), hydrogen
cyanide (HCN) and ammoniac (NH3) in the process of smouldering
of pine wood and cork-oak. The changes in the emission are analysed
according to the heat source intensity assessing and comparing risk to
people’s health and life safety.
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RESEARCH ON THE TOXICITY OF PINE TIMBER TREATED AND
NON-TREATED WITH FIRE RETARDANTS
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Ritoldas Sukys', Zbignev Karpovi&®

Vilnius Gediminas Technical University, Saulétekio ave. 11, LT-10223 Vilnius, Lithuania.
E-mail: IRitoldas.Sukys@vgtu.lt, *zbigis@gmail.com

S A S N Pl

Abstract. Meanly 280 people annually in Lithuania lost their life in fires during the last five years. Intoxication by
toxic combustion waste was the main reason that caused death. Flames, high temperature, failure of structures, re-
duced visibility — are other common reasons for causing loss of life. The time interval till inflammation and the toxic-

—

ity of structures influence the evacuation time of people inside the building. The effective way to prolong time till in-

= o
e

flammation of timber structures is to treat them with fire retardants, Depending on the heat flux fire retardants by
increase time till inflammation of timber structures several times, decelerates the flame spread and influences the
amount of toxic waste. This paper analyses the combustion of timber, the emission of the carbon monoxide (CO), hy- fu
drochloric acid (HCL), hydrocyanic acid (HCN) and ammonia (NH;) from pine timber treated and non-treated with re
fire retardants during the process of thermal destruction. The toxicity of pine timber is assessed through the intensity ca
of heat flux.
Cy
Keywords: pine timber, fire retardants, treatment, fire, toxicity, heat flux, combustion products. he
2.
1. Introduction cator remains one of the highest among other countrics of
the European Union. Moreover, Lithuania outran Luivii Se
Fires emerging in buildings considerably endanger  and Estonia by this indicator in 2008 (Brushlinsky ¢/ i/, tio
health and life of people. This danger depends on the 2009). pa
number of people, size of a building, project-based solu- The consequences of fire may be reduced by peie
tions, bulldmg materials used, Security systems and also forming effective prevention, while at emergence of fiyg uc
substances reducing combustibility of building materials by extinguishing it before spreading (Buhanan 200 the
(Buhanan 2002). There are factors to be encountered that One of the possibilities for implementing effective P em
endanger not only people inside of a building but also vention is usage of materials protecting from the imp wh
those performing rescue works during fire. Those factors of fire, i. e. fire retardants (Ozkaya et al. 2007; Jun-y po
include: (Buhanan 2002; Kolbrecki 2000; Seficzuk 1998; Gy e al. 2007; Koo et al. 2001). Time till inflammatio 80
HBannunkos and Kiroc 1987): for building materials, i. e. timber constructions that
—  toxic combustion products, treated with fire retardants is longer and flame spreadify
—  flame and high temperature, speed after inflammation is lower (Karpovi¢ 2009; G #f
~  decrement of oxygen concentration, al. 2007).
—  instability of constructions, Impacted with the heat flux the surface of timbur
—  reduced visibility. starts fuming or bursts into flames. The minimum quiiii
Almost during every fire smoke emerges — mixture tity of heat flux causing inflammation of timber amounis
of gaseous combustibility products emitting in the proc- 12 kW/m’ (Drysdale 1998). After the temperature i
ess of organic material burning. Fractions of highest mo- 125-150 °C is reached the volatile thermal dissolutici
lecular weight are emitted during the process of fumiga-  products begin emitting, hemi cellulose and lignin re-
tion (Drysdale 1998). In Great Britain and the United solve. At the temperature of 225-250 °C cellulose re-
States of America more than 50 % of all deaths in fires  solyes and the surface of timber may start flaming
were caused by smoke, namely, toxic combustion prod- (Szczepanska 1994, Huntierova 1995). ‘
ucts constituting smoke (Drysdale 1998). Fire retardants directly influence combustion of tifit
During the last five years annually 280 people on the  per (Nassar 1999) — volatile and combustible substances K

average died in fires in Lithuania. In 2008 in Lithuania
8 people per 100 thousand people died in fires. This indi-

that are released during the process of pyrolisis mix with
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the incombustible substances contained in a fire retar-
dants thus making the quantity of heat accessing zone of
pyrolisis lower and the layer of carbon that impedes the
process of combustion — forming more intensely.
The field of fire protection examines resistance to
fire of ceramics (Abraitis and Stankevicius 2007,
Jurauskiené and Nagrockiené 2007), concrete (Chung
Kyung-soo et al. 2007, Abramowicz and Kowalski 2007,
Jonaitis and Papinigis 2005), Ferro concrete (Bednarek
and Ogrodnik 2007) and steel (Bednarek and Kamocka
2006), characteristics of pine and cork-oak during fire
(Galaj 2007), combustion of polymeric materials
(Konecki and Polka 2009) as well as the impact of isolat-
ing materials to timber strength (Bednarek and Kaliszuk-
Wietecka 2007), combustion of timber treated with fire
retardants, the effectiveness of fire retardants (Karpove
2009) and the hazardousness of pine timber and cork-oak
while fuming (Karpové et al. 2009). The toxicity of tim-
ber treated with fire retardants is not analysed. Lewin
2005 signifies that today the need for research on timber
treated with fire retardants is high. There are many ques-
tions unanswered concerning the protection of timber
against fire. One of such questions is the toxicity of tim-
ber treated with fire retardants during thermal destruction.
The aim of this work is to analyse the toxicity while
fuming of pine timber treated and non-treated by fire
retardants and to determine alternation of emission of
carbon monoxide (CO), hydrochloric acid (HCL), hydro-
cyanic acid (HCN) and ammonia (NH3) subject to the
heat flux intensity.

2. Objective and scope of the tests

Tests were performed in the Main School of Fire
Service by using research equipment for toxic combus-
tions products emitted from solid materials after the im-
pact of the heat flux.

The research equipment for toxic combustions prod-
ucts originating while solid materials are resolving with
the impact of the heat flux (see Fig 1) may determine
- cmitted toxic combustion products and their quantity
while impacting specimen with different heat fluxes. The
possible range of the heat fluxes vary from 2 to
80 kW/m”.

Fig 1. The research equipment for toxic combustions
products originating while solid materials are resolv-
ing when impacted with the heat flux.
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During the test two heat fluxes were used, 1. e. of
8 kW/m? and of 10 kW/m* By impacting specimens with
such heat fluxes the conditions are established for the
emission of the main amount of combustion products. At
the heat fluxes of less than 8 kW/m’ the temperature on
the specimens does not reach 160 °C, while at the heat
fluxes higher than 10 kW/m? the specimens inflame (the
research equipment is not applied for tests during which
flammable combustion is enacted). The computer con-
nected to the research equipment ensured accurate control
of the test and automatically recorded the results.
5 specimens in every test group were tested. The time-
scale for one test course was 1 hour. The dimensions of
the specimens were 200 x 200 x 20.

The tests were performed for the three main groups
of the specimens:

—~  non-treated pine timber specimens,

—  pine timber specimens treated with the fire re-

tardant Flamasepas-2,
—  pine timber specimens treated with the fir retar-
dant BAK-1.

The fire retardants used for the treatment of pine
timber specimens have been produced and used in
Lithuania.

3. Test results and analysis

The alternation of temperature on the surface of the
specimens depending on variation of the heat flux and
specimens are shown in Fig 2. The test results have been
processed with the programme ,,Statistica®, their average
values are displayed graphically (Figs 2-6), Table 1 pre-
sents correlation coefficients of the results received dur-
ing tests.

Table 1. Correlation coefficient of the emission of CO, HCN,
HCL, NH;, on the same parameters.

Correlation coefficient of the emission of
Heat flux, combustion products on the same
Specirnen parameters
co HCN HCL NH;
8 kW, pine 0,993 0,980 0,903 0,992
8 kW, pine 0943 | 0993 | 0985 | 0,969
Flamasepas-2
8 kW, pine
BAK-1 0,974 0,996 0,909 0,917
10 kW, pine 0,985 0,981 0,912 0,985
10 kW, pine 0,921 | 0979 | 0934 | 0992
Flamasepas-2
10 kW, pine
BAK-1 0,914 0,965 0,942 0,998

Impacting pine timber specimens with the heat
fluxes of 8 kW/m” and 10 kW/m® in 600 s on the average
the speed of the temperature rise on the surface of the
specimens decreased.

The temperature on the surfaces of the pine timber
specimens non-treated with fire retardants was 15,3 °C
8 kW/m?) and 2,3° C (10 kW/m?) higher as compared to
the pine timber specimens treated with fire retardants.




The temperature of the pine timber specimens non-
trecated with fire retardants was meanly 21,1 °C
(8 kW/m?) and 14 °C (10 kW/m?) higher than the tem-
perature on the pine timber specimens treated with the
fire retardant Flamasepas-2.

Affecting pine timber specimens non-treated with
fire retardants with the heat flux of 8 kW/m’ the tempera-
ture on their surface was meanly 9,4 °C higher as com-
pared to the pine timber specimens treated with the fire
retardant BAK-1, while when impacting pine timber
specimens treated with fire retardant BAK-1 with the heat
flux of 10 kW/m?* the temperature on their surface was
9,5 °C higher on the average as compared to the pine
timber specimens non-treated by the fire retardants
(Fig 2).

Affecting pine timber specimens with the heat flux
of 8 kW/m® in 300 s on the average, after the surface
temperature of the specimens reached the average of 140°
C, the sensor started recording carbon monoxide (CO).
Affecting pine timber specimens treated with the fire
retardant Flamasepas-2 with the heat flux of 8 kW/m’ in
420 s. on the average, after the surface of the specimens

reached the temperature of meanly 165 °C, the sensor

started recording carbon monoxide (CO). Affecting ping
timber specimens treated with the fire retardant BAK-1

with the heat flux of 8 kW/m? in 365 s on the average, ‘

after the surface of the specimens reached the tempera-

ture of 156 °C on the average, the sensor started recording.

carbon monoxide (CO).
Affecting pine timber specimens with the heat {lux

of 10 kW/m” in 170 s on the average, after the surface of
the specimens reached the temperature of 135 °C, the

sensor started recording carbon monoxide (CO). Affec
ing pine timber specimens treated with the fire retardant
Flamasepas-2 with the heat flux of 10 kW/m? in 270 s
the average, after the surface of the specimens reacl
the temperature of 170 °C on the average, the sen
started recording carbon monoxide (CO). Affecting tifi
timber specimens treated with the fire retardant BAK-
with the heat flux of 10 kW/m? in 300 s on the averag
after the surface of the specimens reached the tempeit

ture of 178 °C, the sensor started recording carbon moti=

oxide (CO).

*“.. 10 kW Pine (4)
*~..10 kW Pine Flamasepas-2 (5)
. 10 kW Pine BAK-1 (6)

Temperature PC)

""""""""" 8 kW Pine (1)
™. 8 kW Pine Flamasepas-2 (2)
' 8 kW Pine BAK-1 (3)

1000 1500

2000

Time [s]

Fig 2. Alternation of temperature on the surface of specimen

"=, 10 kW Pine (4)
~ < 10kW Pine Flamasepas-2 (5)
“\. 10 kW Pine BAK-1 (6)

CO Emission [mg/s]

-, 8 kKW Pine (1)
. 8kW Pine Flamasepas-2 (2)
. 8 kW Pine BAK-1 (3)

2500 3000

Time [s)

Fig 3. Average emission intensity of carbon monoxide
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The pine timber specimens treated with fire retar-
dants at the initial stage of the tests as compared to the
non-treated pine timber specimens, emitted carbon mon-
oxide (CO) more intensely, however this emission stabi-
lised in 1500 s (8 kW/m?) when the surface of the speci-
men reached the temperature of 211 °C on the average
and in 1000 s (10 kW/m®), when the surface of the
spccrmens reached the temperature of 260 °C. The emis-
sion of carbon monoxide (CO) of the non-treated pine
timber intensified in course of all test.

The non-treated pme timber specimens emitted
meanly 1,24 times (8 kW/m?) and 1,61 times (10 kW/m?)
more of carbon monoxide (CO) as compared to the pine
timber specimens treated with fire retardants.

Comparing pine timber specimens treated with fire
retardants, the pine timber specimens treated with the fire
retardant BAK-1 affected with the heat flux of 8 kW/m?
emitted meanly 1,2 times more of carbon monoxide (CO)
than the pine timber specimens treated with the fire retar-
~ dant Flamasepas-2. The pine timber specimens treated
with the fire retardant Flamasepas-2 when affected with
 the heat flux of 10 kW/m? emitted meanly 1,17 times
~ more of carbon monoxide (CO) as compared to the pine
~ timber specimens treated with the fire retardant BAK-1.

The average emission intensity of carbon monoxide
(CO) subject to the parameters of the test is shown in
Fig 3.

Affectmg pine timber specimens with the heat flux
of 8 kW/m® in 955 s on the average, after the surface of
the specimens reached the temperature of 200 °C on the
average, the sensor started recording hydrocyanic acid
(HCN). Affecting the pine timber specimens treated with
the fire retardant Flamasepas-2 with the heat flux of
8 kW/m® after 880 s on the average, after the surface of
the specimens reached the temperature of 198 °C, the
sensor started recording hydrocyanic acid (HCN). Affect-
ing pine timber specimens treated with the fire retardant
BAK-1 with the heat flux of 8 kW/m® in 900 s on the
average, after the surface of the specimens reached the
temperature of 200° C on the average, the sensor started
recording hydrocyanic acid (HCN).

Affectmg pine timber specimens with the heat flux
of 10 kW/m? in 570 s on the average, after the surface of
the specimens reach the temperature of 220 °C on the
average, the sensor started recording hydrocyanic acid
(HCN). Affecting pine timber specimens treated with the
fire retardant Flamasepas-2 with the heat flux of
10 kW/m” in 550 s on the average, after the surface of the
specimens reached the temperature of 217 °C on the aver-
age, the sensor started recording hydrocyanic acid
(HCN). Affecting pine timber specimens treated with the
fire retardant BAK-1 with the heat flux of 10 kW/m? in
500 s on the average, after the surface of the specimens
reached the temperature of 219 °C on the average, the
sensor started recording hydrocyanic acid (HCN).

The pine timber specimens treated with fire retar-
dants at the initial stage of the tests as compared to the
non-treated pine timber, emitted hydrocyanic acid (HCN)
more intensely, however this emission stabilised in
1700 s (8 kW/m®) when the surface of the specimens
reached the temperature of 221 °C on the average and in
1100 s (10 kW/m®) when the surface of the specimens
reached the temperature of 262 °C while the emission of
hydrocyanic acid (HCN) of the non-treated pine timber
specimens intensified in the course of all the test,

The non-treated pine timber specrmens emitted
1,27 times (8 kW/m?) and 1,3 times (10 k¥W/m?) more of
hydrocyanic acid (HCN) as compared to the pine timber
specimens treated with fire retardants.

Comparing pine timber specimens treated with fire
retardants, the pine timber specimens treated with the fire
retardant BAK-1 affected with the heat flux of 8 kW/m?
emitted meanly 1,17 times more of hydrocyanic acid
(HCN) than the pine timber specimens treated with the
fire retardant Flamasepas-2. The pine timber specimens
treated with the fire retardant Flamasepas-2 when af-
fected with the heat flux of 10 kW/m? emitted meanly
1,09 times more of hydrocyanic acid (HCN) as compared
to the pine timber specimens treated with the fire retar-
dant BAK-1.

The average emission intensity of hydrocyanic acid
(HCN) subject to the parameters of the test is shown in
Fig 4.

]
8 <
**«. 10 kW Pine (4) @
~~ 10 kW Pine Flamasepas-2 (5) s
.10 kW Pine BAK-1 (6)
6 L
4
2 -----
8 kW Pine (1)
N, 8 kW Pine Flamasepas-2 (2)
' 8 kW Pine BAK-1 3)
0 2. " - I
0 500 1000 1500 2000 2500 3000 3500

Time [s]

Fig 4. Average emission intensity of hydrocyanic acid
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Affecting pine timber specimens with the heat flux
of 8 kW/m? in 430 s on the average, after the surface of
the specimens reached the temperature of 167 °C on the
average, the sensor started recording hydrochloric acid
(HCL). Affecting pine timber specimens treated with the
fire retardant Flamasepas-2 with the heat flux of 8 kW/m?
in 1015 s on the average, after the surface of the speci-
mens reached the temperature of 207 °C on the average,
the sensor started recording hydrochloric acid (HCL).
Affecting pine timber specimens treated with the fire
retardant BAK-1 with the heat flux of 8 kW/m® in 920 s
on the average, after the surface of the specimens reached
the temperature of 203 °C on the average, the sensor
started recording hydrochloric acid (HCL).

Affecting pine timber specimens with the heat flux
of 10 kW/m® in 275 s on the average, after the surface of
the specimens reached the temperature of 169 °C on the
average, the sensor started recording hydrochloric acid
(HCL). Affecting the pine timber specimens treated with
the fire retardant Flamasepas-2 with the heat flux of
10 kW/m? in 460 s on the average, after the surface of the
specimens reached the temperature of 215 °C on the aver-
age, the sensor started recording hydrochloric acid
(HCL). Affecting pine timber specimens treated with the
fire retardant BAK-1 with the heat flux of 10 kW/m” in
485 s on the average, after the surface of the specimens
reached the temperature of 221 °C on the average, the
sensor started recording hydrochloric acid (HCL).

During the tests the pine timber specimens non-
treated with fire retardants not considering to the quantity
of the heat flux emitted more of hydrochloric acid (HCL)
as compared to the pine timber specimens treated with
fire retardants. The non-treated pine timber specimens
emitted 4,16 times (8 kW/m?) and 2,26 times (10 kW/m?)
more of hydrochloric acid (HCL) as compared to the pine
timber specimens treated with fire retardants.

Comparing pine timber specimens treated with fire
retardants, the pine timber specimens treated with the fire
retardant BAK-1 emitted meanly 2,42 times (8 kW/m?)
and 1,37 times (10 kW/m? ) more of hydrochloric acid
(HCL) than the pine timber specimens treated with the
fire retardant Flamasepas-2.

The average emission intensity of hydrochloric acid
(HCL) subject to the parameters of the test is shown in
Fig 5.

Affecting pine timber specimens with the heat flux
of 8 kW/m? in 670 s on the average, after the surface of
the specimens reached the temperature of 197 °C, the
sensor started recording ammonia (NH;). Affecting pine
timber specimens treated with the fire retardant Fla-
masepas-2 with the heat flux of 8 kW/m” in 730 s on the
average, after the surface of the specimens reached the
temperature of 199 °C on the average, the sensor started

recording ammonia (NH;). Affecting pine timber speci-

men treated with the fire retardant BAK-1 with the heat
flux of 8 kW/m® in 765 s on the average, after the surface
of the specimens reached the temperature of 202 °C on
the average, the sensor started recording ammonia (NH;).

Affecting pine timber specimens with the heat flux
of 10 kW/m? in 365 s on the average, after the surface of
the specimens reached the temperature of 201 °C on the
average, the sensor started recording ammonia (NH;),
Affecting pine timber specimens treated with the fire
retardant Flamasepas-2 with the heat flux of 10 kW/m? in
475 s on the average, after the surface of the specimens
reached the temperature of 217 °C on the average, the
sensor started recording ammonia (NH;). Affecting pine
timber specimens treated with the fire retardant BAK-|
with the heat flux of 10 kW/m? in 565 s on the average,
after the surface of the specimens reached the tempera-
ture of 223 °C on the average, the sensor started recording
ammonia (NH3).

20
*-.. 10 kW Pine (4)
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15l . 10 kW Pine BAK-1 (6)
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I
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Lot 8 kW Pine (1)
1)) R “\.. 8 kW Pine Flamasepas-2 (2)
______________ —-_ N 8 kW Pine BAK-1 (3)
0 . . ;
0 2000 2500 3000 3500

Time [s]

Fig 5. Average emission intensity of hydrochloric acid
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The pine timber specimens treated with fire retar-
dants at the initial stage of the tests as compared to the
non-treated pine timber specimens, emitted ammonia
(NH;) more intensely, however this emission stabilised in
1000 s (8 kW/m?, 10 kW/m?), when the temperature of
the spemmens reached 211 °C (8 kW/m?) and 255 °C
(10 kW/m?) while the emission of the non-treated pine
timber specimens intensified in the course of all the test.
The non-treated pme timber specimens emitted
2,33 times (8 kW/m” ) and 1,66 times (10 kW/m?) more
of ammonia (NH;) as compared to the treated pine timber
specimens treated with the fire retardants.

Comparing pine timber specimens treated with fire
retardants, the pine timber specimens treated with the fire
retardant BAK-1 em1tted meanly 1,08 times (8 KW/m?)
and 1,29 times (10 kW/m?) more of ammonia (NH;) than
the pine timber specimens treated with the fire retardant
Flamasepas-2.

The average emission intensity of ammonia (NH;)
subject to the parameters of the test is shown in Fig 6.

After the affect of the heat flux the surface of the
treated pine timber specimens is smoother, the layer of
carbon is solid and un-cracked. For non-treated surfaces —
the layer of carbon is cracked, deeper layers of timber are
affected by the process of thermal destruction (Figs 7-8).

8 . ;
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. . 8 kW Pine Flamasepas-2 (2) .
) “\ 8 kW Pine BAK-1 (3)
£ . 10 kW Pine (4)
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2 4l 10 KW Pine BAK-1 (6) - M,
£
w
T .
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)l .

0

0

3500

Time [s]

Fig 6. Average emission intensity of ammonia

Fig 7. Non-treated pine timber spe01mer1 affected with
the heat fluxes of 8 kW/m? and 10 kW/m®

Fig 8. Treated pine timber specxmen affected with the
heat fluxes of 8 kW/m? and 10 kW/m”
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The process of thermal dissolution of non-treated
pine timber specimens affected with the heat flux when
estimating the quantity of the emitted toxic combustibil-
ity products is more intense. The non-treated pine timber
specimens emit larger quantity of the toxic combustibility
products as compared to the pine timber specimens
treated with fire retardants. The quantity of toxic combus-
tibility products emitted during the tests is presented in
the Table 2.

Table 2. Toxic combustibility products and their quantity emit-
ted during tests subject to the heat flux and type of the speci-
mens

Quantity of toxic combustibility products

Heat flux,
[mg]

specimen

CO HCN
31539,9 | 1146,23

HCL
8769,05

NH3
476,27

8 kW, pine

8 kW, pine
Flamasepas-2
8 kW, pine-
BAK-1

10 kW, pine
10 kW, pine
Flamasepas-2

10 kW, pine
BAK-1

23228,6 | 834,96 1233,2 195,95

27833,1 | 975,09 | 29879 | 211,29

94828,5 | 3149,22 | 11722,3 | 932,54

61299,6 | 2514,04 | 4379,94 | 489,87

56889,8 | 2317,76 | 6014,64 | 633,89

Conclusions

The pine timber treatment with the fire retardants
significantly influences the emission of toxic combusti-
bility products from the pine timber when affected with
the heat flux. The pine timber treated with fire retardants
emits less of toxic combustibility products.

—  the treated pine timber specimens affected with
the heat flux of 8 kW/m”* emit 1,46 times less of
toxic combustibility products than the non-
treated pine timber specimens,
the treated pine timber specimens affected with
the heat flux of 10 kW/m? emit 1,65 times less
of toxic combustibility products than the non-
treated pine timber specimens.

The heat flux affects the emission on toxic combus-

tibility products:

—  the treated pine timber specimens affected with
the heat flux of 8 kW/m” emit 2,34 times less of
toxic combustibility products than the pine tim-
ber specimens treated with fire retardants af-
fected with the heat flux of 10 kW/m’
pine timber specimens affected with the heat
flux of 8 kW/m’ emit 2,64 times less of the
toxic combustibility products than the pine tim-
ber specimens affected with the heat flux of 10
kW/m”.

The fire retardants influence noticeably the intensity
of thermal destruction for pine timber. The thermal de-
struction progress of the treated pine timber specimens
when estimating the quantity of the emitted toxic com-
bustibility products is slower and the changes of the sur-

face of specimens are visibly smaller as compared to th
non-treated timber.

The effectiveness of the fire retardants used |
Lithuania for reducing the quantity of carbon monoxi
(CO), hydrochloric acid (HCL) hydrocyanic acid (HCM
and ammonia (NH;) emitted in the process of fumigati
is similar. The timber specimens treated with the
retardants Flamasepas-2 and BAK-1 affected with
same heat flux emit similar amount of carbon monoxic
(CO), hydrochloric acid (HCL) hydrocyanic acid (HCN}
and ammonia (NH;). The Flamasepas 2 reduces the emi
sion of hydrochloric acid more effectively.
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Abstract: Studies on combustibility of treated wood with fire retardant and antiseptic solutions Many countries
widely use wood in construction. In order to protect wood from the impact of environmental factors and to
reduce its combustibility the chemical means such as antiseptic and fire retardant solutions are used. Wood of
spruce and pine being the most popular in construction is investigated in this work while non-treated and treated
with antiseptic solution Asepas 2 and fire retardants solutions Flamasepas-2 and Bak-1. The research is
performed according to the requirements of the standards LST EN ISO 1716:2002 and LST EN ISO 5657:1999.

Keywords: wood, antiseptic, fire retardant, solution, heat flux, ageing

INTRODUCTION

Wood and wood products are widely used for construction and finishing of buildings
(Stevens et al., 2006, Grexa, 2000). On purpose to increase wood durability and to reduce its
combustibility, antiseptic and fire retardant solutions are used. In some cases for reducing
wood combustibility antiseptic solutions are used instead of fire retardant solutions
(Praniauskas et al., 2010). During the tests of wood treated with fire retardant solutions
(Karpovi¢, 2009, Sukys and Karpovi¢, 2010) it was observed that process of ageing may
affect the time to ignition of such wood.

Purpose of work: to explore the calorific value of wood treated with antiseptic and fire
retardant solutions and the dependence of ignition on process of ageing of wood treated with
fire retardant solutions.

RESEARCH METHODOLOGY

The research on calorific value of wood was performed using the test equipment,
correspondent to the requirements of standard LST EN ISO 1716:2002 . This research method
was chosen for the reason that taking samples this way, structures of a building are harmed at
the least. Only 0.5 — 1.0 g of wood dust are used to perform one test. Tests of calorific value
of wood were performed on samples of pine and spruce wood treated with antiseptic solution
Asepas 2 and fire retardant solution Bak-1 and also on untreated samples of pine and spruce
timber. Nine tests were performed in every series of research.

The research on dependence of ignition on process of ageing of wood treated with fire
retardant solutions was performed using the test equipment, correspondent to the requirements
of standard LST EN ISO 5657:1999. Test was terminated if sample did not ignite after 900 s
from the start of test. During the tests samples were subjected to heat fluxes of 30, 35, 40, 45,
50 kW/m’. Dependence of ignition on process of ageing of wood was estimated by the time to
ignition of the sample. Pine and spruce wood samples used in these tests were treated with
fire retardant solutions Flamasepas-2 and Bak-1. Five tests were performed in every series of
research. Samples during ageing were kept in the temperature of 20°-25° C and at 40-80
percent relative humidity; the humidity of samples did not exceed 15 percent.
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RESEARCH RESULTS AND DISCUSSION

The calorific value of wood treated with fire retardant solutions is lower compared to the
calorific value of the same kind untreated wood and the calorific value of wood treated with
antiseptic solutions is higher compared to the calorific value of the same kind untreated wood.
The calorific values of pine and spruce wood samples treated with fire retardant solution Bak-
1 and antiseptic solution 4sepas 2 and the calorific values of untreated samples are shown in
Fig.1.

a) b)
22 221
20 201
181 181
164 16
T 14 B 14+
S 129 S 12
= A
8 s 8 s
64 61
44 41
24 24
o oA
Spruce coated  Spruce Spruce coated Pine coated Pine Pine coated
BAK-1 Asepas 2 BAK-1 Asepas2

Fig. 1. Calorific values of pine (a) and spruce (b) timber samples treated with fire retardant solution Bak-1 and
antiseptic solution Asepas 2 and the calorific values of untreated samples.

Dependence of ignition on process of ageing of wood treated with fire retardant solutions
when samples were subjected to heat fluxes of 30, 35 kW/m? is not shown here because in the
first, second and third years time to ignition of the samples was more than 900 s. Average
times to ignition of the treated pine and spruce wood samples, subjected to heat fluxes of 40,
45, 50 kW/mz, correspondent to the years, are shown in Fig. 2, 3, 4 and 5.

When pine wood samples, treated with fire retardant solution Flamasepas-2, were
subjected to heat fluxes of 40, 45 kW/m>, it was estimated that time to ignition of the second
year (2009) samples was shorter when compared to the time to ignition of the first year (2008)
samples: 40 kW/m® — 1.25 times, 45 kW/m? — 1.22 times on the average; time to ignition of
the third year (2010) samples was shorter when compared to the time to ignition of the first
year (2008) samples: 40 kW/m”— 1.33 times, 45 kW/m’ — 1.66 times on the average (Fig. 2).
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Fig. 2. Average times to ignition of the pine wood samples treated with fire retardant solution Flamasepas-2,
subjected to heat fluxes of 40, 45, 50 kW/m?, correspondent to the years.

When spruce wood samples, treated with fire retardant solution Flamasepas-2, were
subjected to heat fluxes of 40, 45 kW/m?, it was estimated that time to ignition of the second
year (2009) samples was shorter when compared to the time to ignition of the first year (2008)
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samples: 40 kW/m”— 3.31 times, 45 kW/m?—3.33 times on the average; time to ignition of the
third year (2010) samples was shorter when comgared to the time to ignition of the first year
(2008) samples: 40 kW/m®-3.65 times, 45 kW/m’— 4.07 times on the average (Fig. 3).
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Fig. 3. Average times to ignition of the spruce wood samples treated with fire retardant solution Flamasepas-2,
subjected to heat fluxes of 40, 45, 50 kW/m?, correspondent to the years.

When pine wood samples, treated with fire retardant solution BAK-1, were subjected to
heat fluxes of 40, 45 kW/m?, it was estimated that time to ignition of the second year (2009)
samples was shorter when compared to the time to ignition of the first year (2008) samples:
40 kW/m’ — 1.58 times, 45 kW/m” — 2.93 times on the average; time to ignition of the third
year (2010) samples was shorter when compared to the time to ignition of the first year (2008)
samples: 40 kW/m*— 1.82 times, 45 kW/m”— 3.57 times on the average (Fig. 4).
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Fig. 4. Average times to ignition of the pine wood samples treated with fire retardant solution BAK-1, subjected
to heat fluxes of 40, 45, 50 kW/m>, correspondent to the years.

When spruce wood samples, treated with fire retardant solution BAK-1, were subjected to
heat fluxes of 40, 45 kW/m’, it was estimated that time to ignition of the second year (2009)
samples was shorter when compared to the time to ignition of the first year (2008) samples:
40 kW/m® — 3.84 times, 45 kW/m” — 1.11 times on the average; time to ignition of the third
year (2010) samples was shorter when compared to the time to ignition of the first year (2008)
samples: 40 kW/m?— 6.11 times, 45 kW/m”— 1.79 times on the average (Fig. 5).

When all samples of the second (2009) and third (2010) year were subjected to heat flux
of 50 kW/m?, it was estimated that time to ignition when compared to the time to ignition of
all the first year (2008) samples was similar.
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Fig. 5. Average times to ignition of the spruce wood samples treated with fire retardant solution BAK-1, affected
by 40, 45, 50 kW/m? heat fluxes, correspondent to the years.

CONCLUSIONS

The calorific value of timber treated with fire retardant solution is lower when compared
to the calorific value of the same kind untreated timber and the calorific value of timber
treated with antiseptic solution is higher when compared to the calorific value of the same
kind untreated timber.

Process of ageing influences the combustibility of wood treated with fire retardant
solutions when the heat flux varies from 40 to 45 kW/m’

It is not possible to estimate the influence of ageing on combustibility of timber treated
with fire retardant solutions when heat flux is lower than 40 kW/m® (time to ignition is longer
than 900 s) by the used research methodology. The influence of ageing on combustibility of
wood treated with fire retardant solutions when heat flux is 50 kW/mz, is not substantial.
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7. LST EN ISO 5657:1999: Reaction to fire test. Ignibility of building products using a
radiant heat source (Badania reakcji na ogien. Zapalene si¢ wyrobow budowlanych
poddanych bezposredniemu dziataniu promieniowania cieplnego).

Streszczenie: Badania drewna impregnowanego ognioochronnymi i antyseptycznymi
Srodkami chemicznymi. W wielu krajach szeroko wykorzystuje si¢ drewno w budownictwie.
W celu ochrony drewna przed wplywem czynnikéw $rodowiskowych oraz w celu
zmniejszenia palno$ci sa uzywane antyseptyczne i ognioochronne $rodki chemiczne. W pracy
przedstawiono wyniki badan dla drewna $wierkowego i sosnowego impregnowanych
srodkiem antyseptycznym Asepas 2 i $rodkami ognioochronnymi Flamasepas-2 i Bak-1.
Badania przeprowadzone zgodnie z wymaganiami norm LST EN ISO 1716:2002 i LST EN
ISO 5657:1999.
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MODERN WOODEN CONSTRUCTIONS. DESIGNING,
MANUFACTURING, DEVELOPMENT IN PRACTISE

D. Mykolaitis
Summary

The innovative wooden constructions when differnent elements are
jointed with pressed sheet metal connectors are analyzed. The automotive
design and manufacture system is presented. The evolution of wooden

constructions in Lithuanian market and its development perspectives is
discussed in the article.
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LIETUVOJE SERTIFIKUOTU ANTIPIRENINIU
TIRPALU EFEKTYVUMO TYRIMAS

Zbignev Karpovi¢
Vilniaus Gedimino technikos universitetas
zbigis@gmail.com

Anotacija. Straipsnyje aptariami antipireniniy tirpaly veikimo
mechanizmai, pagrindinés ju savybés, medienos pavirSinis
impregnavimas. Straipsnyje nagrinéjamas Lietuvoje sertifikuoty
antipireniniy tirpaly Flamasepas-2 ir BAK-1 efektyvumas, jo
priklausomybé nuo Silumos srauto ir medienos riiSies. Tyrimui
pasirinkta eglé ir pusis — mediena, kuri daZniausiai naudojama
mediniy konstrukciju gamybai. Tyrimai atlikti pagal LST ISO
5657:1999 standarto ,,Reagavimo i ugni bandymai — statybiniy
gaminiy uZsidegimas veikiant juos Silumine spinduliuote®
reikalavimus, nustatant laika iki bandinio uZsiliepsnojimo.

Ivadas

Mediniy konstrukcijy ir kity mediniy gaminiy impregnavimas
antipireniniais tirpalais gaisro metu leidzia iSsaugoti iki 75 %
materialiniy vertybiy. Todél yra svarbu istirti Lietuvoje naudojamy
antipireniniy tirpaly efektyvuma.

Literatiiros apie antipireniniy tirpaly rasis, ju sudéti ir savybes
gausu, tadiau informacijos, kuria remdamiesi galétume palyginti
skirtingy antipireniniy tirpaly efektyvuma, stinga, o ir esama —
nei§sami.

Atsizvelgiant | S$ias priezastis, buvo pasirinkti sertifikuoti
antipireniniai tirpalai Flamasepas-2, BAK-1 ir atlikti tyrimai:
neimpregnuoty ir antipireniniais tirpalais tepant impregnuoty

© Vilniaus Gedimino technikos universitetas
http://www.vgtu.lt/konfer/index.php?link=LT.2.424.2081



bandiniy veikimas skirtingo dydzio Silumos srautais, siekiant
nustatyti laika, per kurj bandiniai uZsiliepsnos.

Bendrosios Zinios

Anglies pagrindo celiuliozines medziagas, pvz., medieng
paveikus Silumos srautu, vyksta pirolizé: Sios medziagos pradeda
smilksti arba uzsiliepsnoja (Slinka, Smulski 1997). Degant medienai
formuojasi anglies sluoksnis, kuris silpnina degima, stabdydamas
degiy medziagy patekimg i pirolizés zong. Tam, kad Sis procesas
buty veiksmingesnis, o mediena turéty mazesni deguma, ji yra
impregnuojama antipireniniais tirpalais (Baisal et al. 2007; Michell
1993).

Gaisrui pastatuose prasidéti ir plisti didele jtaka turi medienos
pirolizés procesas. Antipireniniy tirpaly naudojimas yra vienas i$§
lengviausiy, efektyviausiy ir ekonomiskiausiy btidy, norint sumazinti
medienos deguma (Su et al 1997, Subyakto er al 1998).
Antipireniniai tirpalai suteikia apsauga nuo Silumos prasiskverbimo i
medieng ir kartu stabdo pirolizés procesa, taip pat riboja liepsnos
plitima jos pavirSiumi. Antipireniniy tirpaly veikimo mechanizmai
(Camino, Costa 1988; Nasar et al. 1999):

1) lakiy ir degiy medziagy, iSsiskirianéiy pirolizés metu,
maiSymasis su nedegiomis medziagomis, esanéiomis antipireniniame
tirpale;

2) silumos kiekio, patenkancio i pirolizés zona, maZinimas;

3) anglies sluoksnio, kuris stabdo degimo procesa, formavimosi
suintensyvinimas.

Medienos impregnavimas gali biiti pavirSinis ir giluminis.
Giluminis impregnavimas veikia medienos mechanines savybes.
Pavir§iniai impregnavimo metodai tokio poveikio neturi. Kiti
pavirSiniy impregnavimo metody privalumai: nedidelé kaina, mazos
darbo laiko sanaudos, juos paprasta naudoti ir kita.

Medienos degumas, naudojant antipireninius tirpalus, priklauso
nuo (Subyakto et al. 1998):
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e antipireno savybiy, antipireninio tirpalo koncentracijos ir

impregnavimo metodo;

e medienos struktiros, drégnumo ir kita.

Yra daug antipireniniy tirpaly, kurie efektyviai maZina medienos
deguma, taiau tik kai kurie jy placiai naudojami. Tai yra dél
antipireniniy tirpaly neatitikimo techniniams ir / arba ekonominiams
reikalavimams. Antipireninis tirpalas, mazinantis medienos degumy,
privalo (Wazny, Karys 2001):

e  biti gana efektyvus gaisro metu;

e  gebéti prasiskverbti { mediena ir iSsilaikyti joje;

e neveikti medienos struktiiros, joje ir ant jos esanciy

medZziagy;

e nekeisti savo savybiy saveikaudamas su mediena;

e  buti saugus, santykinai pigus ir nekenksmingas Zzmogui bei

aplinkai.

Bandymuy metodika, rezultatai

Tyrimai  atlikti  PrieSgaisrinés apsaugos ir gelbéjimo
departamento prie Vidaus reikaly ministerijos Gaisriniy tyrimy
centro laboratorijoje. Tyrimy jranga ir bandymo eiga atitinka LST
ISO 5657:1999 standarto ,,Reagavimo i ugni bandymai — statybiniy
gaminiy uzsidegimas veikiant juos Silumine spinduliuote
reikalavimus.

Tyrimams naudota puSies ir eglés mediena, padengta
antipireniniais tirpalais Flamasepas-2 ir BAK-1. Tyrimai atlikti
bandinius veikiant skirtingais Silumos srautais. Jei pragjus 900
sekundziy nuo bandymo pradzios bandinys neuZsiliepsnodavo,
bandymas budavo nutraukiamas. Laikas iki  bandiniy
uzsiliepsnojimo, atsizvelgiant { Silumos srauto dydi, pateiktas
lenteléje. Antipireniniy tirpaly efektyvumas vertinamas pagal laikg
iki bandinio uZsiliepsnojimo. PuSies ir eglés medienos bandiniy
laikas iki uZsiliepsnojimo, atsizvelgiant | Silumos srauto dydj ir
antipireninj tirpala, pateiktas 1 ir 2 paveiksluose.
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Pusies ir eglés medienos bandiniy tyrimo rezultatai

Neimpregnuota Flamasepas-2 BAK-1
Silumos pusis | eglé pusis | eglé pusis | egle
srautas, laikas iki laikas iki laikas iki
kW/m’ uzsiliepsnojimo, s uZsiliepsnojimo, s uZsiliepsnojimo, s
25 72 71 >900 >900 >900 >900
30 56 53 >900 >900 >900 >900
35 39 38 >900 >900 >900 >900
40 27 25 148 248 583 330
45 19 19 141 220 132 70
50 13 12 13 12 15 14

Laikas {s)
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R ——

660 +
560 +
400 -
300
200 -
1c0 |
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1 pav. PuSies medienos bandiniy laikas iki uZsiliepsnojimo

Laikas (s)

atsizvelgiant i §ilumos srauto dydj ir antipirenini tirpala

g M 2iMOrEgRUOta -l Flamasoy-2

700 .
€00

200 4

100 o

e Btk - L

35 40

Silumos srautas {kW/m2)

2 pav. Eglés medienos bandiniy laikas iki uZsiliepsnojimo
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atsizvelgiant i Silumos srauto dydj ir antipireninij tirpala

ISvados

1. Impregnavus puSies ir eglés medienos bandinius
antipireniniais tirpalais Flamasepas-2 ir BAK-1, esant nedidesniam
kaip 35 kW/m” §ilumos srautui, laikas iki uZsiliepsnojimo, palyginti
su neimpregnuotais pusies ir eglés bandiniais, pailgéja daugiau kaip
15 karty.

2. Antipireniniy tirpaly efektyvumas vienodas iki 35 kW/m’
Silumos srauto, neatsizvelgiant | medienos rusj. Siuo atveju laikas iki
uzsiliepsnojimo didesnis kaip 900 s.

3. Didéjant Silumos srautui antipireniniy tirpaly efektyvumas
mazéja:

3.1. Esant 40 kW/m? $ilumos srautui, pusies medienos bandiniy,
impregnuoty antipireniniu tirpalu BAK-1, laikas iki uZsiliepsnojimo,
palyginti su puSies medienos bandiniy, impregnuoty antipireniniu
tirpalu Flamasepas-2, laiku, yra vidutiniSkai 4 kartus ilgesnis.

3.2. Esant 40 kW/m® $ilumos srautui antipireniniy tirpaly
Flamasepas-2 ir BAK-1 efektyvumas eglés medienos bandiniams yra
panasus.

3.3. Bsant 45 kW/m? §ilumos srautui, eglés medienos bandiniy,
impregnuoty  antipireniniu  tirpalu  Flamasepas-2, laikas iki
uzsiliepsnojimo, palyginti su eglés medienos bandiniy, impregnuoty
antipireniniu tirpalu BAK-1, laiku, yra vidutiniSkai 3 kartus ilgesnis.
Esant toms padioms salygoms antipireniniy tirpaly Flamasepas-2 ir
BAK-1 efektyvumas pusies medienos bandiniams yra panaSus.

3.4. Esant 50 kW/m? §ilumos srautui, mediena uzsiliepsnoja
greidiau nei per 15 s. t. y., antipireniniai tirpalai yra neveiksmingi.
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THE RESEARCH OF THE EFFECTIVENESS OF FIRE-
RETARDANT SOLUTIONS CERTIFICATED IN LITHUANIA

Z. Karpovic
Summary

This article discusses the mechanisms of action of fire-retardant
solutions, their qualities and timber surface impregnation. The article
analyses the effectiveness, dependence on the heat stream and timber type
of fire-retardant solutions certificated in Lithuania, namely - Flamasepas-2
and BAK-1. The timber chosen for the research is spruce and pine for their
incidence in wood constructions production. The research was performed
according to the requirements of the standard LST ISO 5657:1999
"Reaction to fire tests - ignibility of building products using a radiant heat
source", determining time until the flaming of the specimen.
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GELZ]}ETONINIU ELEMENTU NORMALINIU
PLYSIU PLOCIO SKAICTAVIMO METODU
YPATUMAI

Vidmantas Jokiibaitis
Vilniaus Gedimino technikos universitetas
gelz@st.vgtu.lt

Anotacija. Remiantis eksperimentiniy gelZbetoniniy siju (be
iSankstinio armatfiros jtempimo) ir surenkamy gelZbetoniniy
perdangos bei stogo briaunoty ploki¢iy tyrimy duomenimis pagal
skirtingas metodikas apskai¢iuotas atsivérusiy normaliniy plySiu
plotis tempiamosios armatiiros lygyje. SkaiCiavimo rezultatai
palyginti su i¥matuotais per tyrimus plysiy plociais. Atlikta analizé
parodé, kad pagal Lietuvoje galiojanti statybos techninj reglaments ir
euronormas beveik vienodai jvertinamas normaliniu plySiu
atsivérimas. Pagal Rusijos projektavimo normy metodika
apskai&iuotos plysiy plo&io vertés yra daug didesnés. Pateikta plySio
parametry tarpusavio priklausomybé gali biti panaudota
apskaitinojant ply$iy atsivérima ar nustatant neutraliosios aSies
padéti elemento skerspjiivyje, kai atlieckami konstrukcijy biiklés
tyrimai ir vertinimas.

Ivadas

Visose Europos Sajungos Salyse, taip pat ir Lietuvoje, 2010 m.
numatoma jteisinti naujas bendras statybiniy konstrukcijy
projektavimo normas. Lyginant su Siuo metu veikianciomis
gelZzbetoniniy  konstrukcijy  projektavimo  normomis  (STR
2.05.05:2005) busimose naujose projektavimo normose EC-2
(Mar¢iukaitis et al. 2007) numatomos skirtingos, ypa¢ tikrinant
konstrukcijy tinkamumo ribinius buvius, skai¢iavimo metodikos.
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GAISRO VEIKIAMOS MEDINES KONSTRUKCIJOS
PAZEIDZIAMUMO FUNKCIJOS SUDARYMAS

V. Juocevi€ius
Santrauka

Atsitiktiniai gaisrai pastatuose ir ju sukelti paZeidimai yra sunkiai nu-
spéjami ir neapibreéZti reidkiniai. Siame straipsnyje aprasytas gaisro veikia-
mos masyvios medinés konstrukcijos paZeidZziamumo funkcijos sudarymo
metodas. PaZeidZiamumo funkcija leido susieti tikimybinio gaisro modelia-
vimo rezultatus su konstrukcijos paZaidos tikimybe. Sijos paZeidZiamumo
funkcija sumodeliuota pagrindiniu kintamuoju, naudojant medienos apang-
l¢jimo gyli.
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ANTIPIRENU APSAUGINIU SAVYBIU
PALYGINIMAS

Zbignev Karpovic¢

Doktorantas, Vilniaus Gedimino technikos universitetas
El p. zbigis@gmail.com

Anotacija. DidZioji dalis kaimo gyventojy gyvena mediniuose pasta-
tuose, dauguma tikiniy pastaty taip pat yra mediniai. Dabartiné mada ir ten-
dencijos krypsta i senovini stiliy, o vis populiaréjantis kaimo turizmas ska-
tina kuo platiau naudoti mediena. Medienos naudinguma ir platy
panaudojima statyboje daugiausia nulemia medienos fizikinés savybés,
leidZiangios naudoti ja konstrukciniams bei apdailos tikslams. Be daugybeés
medienos privalumy, yra svarbus trikumas, kuris riboja mediniy konstruk-
ciju naudojima — tai degumas, keliantis gaisry pavoju. Siekiant i§vengti §io
pavojaus, naudojamos cheminés priemonés nuo ugnies poveikio — antipire-
nai. Cheminé medienos apsauga — tai procesas, kurio metu cheminiai jungi-
niai, turintys apsauginiy nuo ugnies savybiu, isunkiami { mediena. Kokybis-
kas mediniy konstrukciju ir kity mediniy gaminiy impregnavimas
antipirenais kilus gaisrui leidZia i§saugoti iki 75 % materialiniy vertybiy.

Ivadas

Mediena statyboje yra svarbi ir vertinama. Iki XIV a. pradzios
mediena Europoje buvo bene vienintelé statybiné medziaga. Tik ne-
daugelis auksty pastaty, pavyzdZiui, Romoje, buvo statomi i§ ak-
mens. Dél naikinanéiy, daznai pasikartojanéiy gaisry laikui bégant
miesty statyboje medienos imta naudoti maziau (Wojciechow-
ski 1957). Miusy laikais didZioji dalis kaimo gyventojy isikiire medi-
niuose pastatuose, dauguma tkiniy pastaty taip pat yra mediniai.
Dabartiné mada ir tendencijos krypsta i senovinj stiliy, o populiaré-
jant kaimo turizmui medienos naudojama vis daugiau. Medienos
naudingumg ir platy panaudojima statyboje daugiausia lemia medie-
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nos fizikinés savybés, leidZiandios visapusiskai ja naudoti konstruk-
ciniams bei apdailos tikslams. Plagiai naudojami ir i§ medienos arba
jos atlieky pagaminti dirbiniai.

Salia daugybés medienos privalumy yra ir labai svarbus triku-
mas, kuris riboja mediniy konstrukcijy naudojima — tai didelis jy
degumas, keliantis gaisry pavojy. Siekiant sumazinti ar sulétinti me-
dienos deguma, naudojamos nuo ugnies poveikio apsauganéios che-
minés priemonés — antipirenai, kuriy veikimas pagristas laiko iki
degimo reakcijos kilimo pailginimu ir ilumos i3siskyrimo spartos
sumazinimu (Szczepanska, Jaskolowski 1998).

Cheminé medienos apsauga — procesas, kurio metu cheminiai
Junginiai, turintys apsauginiy nuo ugnies savybiy, jsunkiami { medie-
ng (giluminio impregnavimo metodai) arba mediena jais padengiama
(pavirSinio impregnavimo metodai). Mediniy konstrukcijy, medienos
dirbiniy apsauga nuo degimo, antipireny, impregnavimo baidy ir jy
kokybes analizé turi didele reik§me norint i§spresti problema, susiju-
sig su racionaliu medienos panaudojimu statyboje (Kornpatses et al.
1976).

Ekonomé antipireny nauda leidinyje ,,benopycckas accorpianpis
noxapHsix, 1996 atskleidziama pabréziant, kad kokybiskas mediniy
konstrukcijy ir kity mediniy gaminiy impregnavimas antipirenais
gaisro metu leidzia i§saugoti iki 75 % materialiniy vertybiy. Priemo-
nés kokybés priklauso ne tiek nuo impregnavimo bido, kiek nuo
antipireno sudéties ir jo jmirkymo | mediena kokybés. Tas pats Salti-
nis nurodo, kad, taikant paZangiausias technologijas sukiirus antipi-
renus ir kokybiSkai jais impregnuojant, didZiausia medienos atspa-
rumg ugniai galima pasiekti ne tik giluminio impregnavimo
metodais, kurie, remiantis (Bednarek, Kaliszuk-Wietecka 2004), net
iki 20 % (sléginis vakuuminis metodas) pablogina medienos mecha-
nines savybes, bet ir pavir§inio impregnavimo metodais, kurie yra
universalesni, pigesni ir galimi tiesiog statybos aiksteléje, apdorojant
Jjau sumontuotas medines konstrukcijas.
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Atlikti Sie laboratoriniai tyrimai:

1. Dviejy rasiy medienos (pusies, eglés), dazniausiai naudoja-
mos Lietuvos statybose, bandiniy pavirSinis impregnavimas
Lietuvoje sertifikuotais ir prekiaujamais antipirenais.

2. Neimpregnuoty ir impregnuoty bandiniy veikimas Silumos
srautu, siekiant nustatyti laika, per kuri bandiniai uzsilieps-
nos, o kartu ir antipireny efektyvuma.

Gauti rezultatai bus naudingi tolesniems tyrimams, modeliuojant

medienos apdorojimo antipirenais kokybés nustatymo biidus ir palai-
kant poveikio kokybe bégant laikui.

Bandiniai, antipirenai

Pusies ir eglés bandiniai buvo padengti keturiais skirtingais anti-
pireniniais tirpalais. Du i§ §iy tirpaly sertifikuoti, juos galima isigyti
Lietuvos rinkoje, kiti du bandomieji/palyginamieji pagaminti Pries-
gaisrinés apsaugos ir gelbéjimo departamento prie Vidaus reikaly
ministerijos Gaisriniy tyrimy centre (toliau — GTC). Naudoty ban-
dymuose sertifikuoty ir nesertifikuoty antipirenuy charakteristikos
pateikiamos 1, 2, 3 lentelése.

1 lentelé. Bandiniy charakteristikos (Drysdale 1998; Szczepanska 1994)

Mediena Pusis Egle
Matmenys 150%140%25 mm 150%120%25 mm
Antipirenu padengtas 0,021 0,018
plotas (m?)
Antipireno sqnaudos (ml) 10,5 9
Tirio masé (kg/m®) 475 415
Uzsiliepsnojimo 360 360

temperatira (°C)
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2 lentelé. Klasifikuoty antipireny charakteristikos

3 lentelé. Neklasifikuoty antipireny charakteristikos

Karbamidas, 30 % Amonio sulfato 10 %,
diamonio fosfato 20 %
misinys

Gamintojas GTC GTC
Paskirtis Antipireninis tirpalas Antipireninis tirpalas
Naudojimo Neturi biiti sunaudojama Neturi biiti sunaudojama
bidas maZiau kaip 500 ml/m’ maziau kaip 500 ml/m>
Tankis 1,082 g/cm® 1,177 g/lem®
pH 7,45 5,84

BAK-1 Flamasepas-2
Gamintojas UAB ,,Kovadis* UAB ,,Retrorega“
Paskirtis Antipireninis, antiseptinis Antipireninis tirpalas
tirpalas
Naudojimo Statybinés gyvenamuju, Statybinés gyvenamujy,
S¥itis tikiniy ir visuomeniniy tikiniy ir visuomeniniy
pastaty stogy medinés kon- | pastaty stogy medinés kon-
strukcijos, kurios yra pasta- | strukcijos. Medienai, neap-
ty viduje arba kitaip apsau- | saugotai nuo krituliy, nau-
gotos nuo atmosferos doti nerekomenduojama
krituliy
Naudojimo Mirkymo, uZztepimo, pur§- | Dengiama 3 kartus teptuku,
budas kimo biidas. Dengiama 23 voleliu, purk§tuvu arba
kartus, su ne maZesné kaip | mirkoma. Preparato neturi
1 val. pertrauka. Mirkimo | biti sunaudojama maZiau
laikas ne mazesnis kaip kaip 500 ml/m*. Medienos
7 val. drégnumas neturi vir§yti
Preparato sunaudojama ne 30%
maZiau kaip 500 ml/m’.
Medienos drégnumas netu-
ri vir§yti 30 %.
Veikimas Susiformuoja 5—10 mm Pavir$iuje susidaro 8—
storio puri, elastinga dan- 10 mm storio puta, stab-
ga, kuri ne maziau kaip danti ugnies plitima
5 min. stabdo medienos
degima ir isiliepsnojima
Degumo B-s 1, d 0 pagal LST EN B-s 2, d 0 pagal LST EN
klase 13501-1:2002 13501-1:2002
Tankis 1,303 g/cm’ 1,312 g/em’
pH - 12-13
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Bandiniai antipirenais padengti tepimo btidu (teptuku). Siekiant
ivertinti nepalankiausia situacija (laiko taupymas statyby aiksteléje),
mediena antipirenu buvo padengta tik vieng karta (antipireno sanau-
dos atitinka gamintojo reikalavimus).

Kritinio Silumos srauto tankio nustatymas

Bandymai buvo atlikti GTC laboratorijoje. Bandymy jranga ir
bandymo eiga atitinka LST ISO 5657:1999 standarto ,,Reagavimo i
ugni bandymai — statybiniy gaminiy uZzsidegimas veikiant juos Silu-
mine spindulivote® reikalavimus.

Bandymy jranga leido nustatyti laika, per kuri neapsaugoti ir
skirtingais antipirenais apsaugoti bandiniai, esant tam paciam Silu-
mos srautui, uzsiliepsnoja nuo trumpalaikio papildomo degiklio po-
veikio.

Bandymai buvo atliekami su skirtingos medienos (pusies, eglés)
skirtingais antipireniniais tirpalais (BAK-1, Flamasepas-2, karbami-
du, amonio sulfato ir diamonio fosfato mi$iniu) padengtais bandi-
niais. Siekiant nustatyti antipireny veiksminguma, pirmieji bandymai
atlikti su bandiniais, neapsaugotais antipirenais. Visi bandiniai i ban-
dymo prietaisg buvo idéti vienodai, ju drégnumas nevirsijo 20 %.
Bandymai atlikti esant vienam Silumos srautui (apie 20 kW/m?). Re-
zultatai pateikiami 4 lenteléje.
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4 lentelé. Bandymuy, atlikty esant vienam Silumos srautui, rezultatai

Bandymai Bandiniai Bandymai Bandiniai

1A-2A pusis 1B-2B eglé

3A-4A (pusis) BAK-1 3B-4B (eglé) BAK-1

5A-6A (pusis) Flamasepas-2 | 5B-6B (eglé) Flamasepas-2

7A-8A (pusis) karbamidas 7B-8B (eglé) karbamidas

9A-10A (pusis) amonio 9B-10B (eglé) amonio sulfato,
sulfato, diamonio fosfato
diamonio fosfato misinys
miSinys

Rezultatai

Atlikty bandymy rezultatai pateikiami lenteléje. Jie iSdestyti pa-
gal bandiniy laiko iki uZsiliepsnojimo didéjima (5 lentelé).

5 lentel¢. Bandymy rezultatai

Pusis Eglé
Bandy- | Pavir- | Laikas | Masés | Bandy- | Pavir- Laikas Masés
mas Siaus iki netek- mas Siaus iki netek-
tempe- uzsi- tis, tempe- uzsi- tis,
ratiura, lieps- % ratira, lieps- %
°C nojimo, °C nojimo,
s s

1A-2A | 337 134 2.7 1B-2B | 350 102 22
3A-4A | 350 134 32 7B-8B | 340 102 1,7
TA-8A | 335 140 1,9 3B-4B | 415 151 4,5
9A- 370 300 9B- 405 178
10A 53 10B 34
5A-6A | 402 387 5,6 5B-6B | 498 215 5,6

Neapsaugoti antipirenais pusies bandiniai (1A-2A bandymai)
nuo trumpalaikio papildomo degiklio poveikio uzsiliepsnodavo vidu-
tiniskai po 134 s, pavirSiui pasiekus 337 °C temperatlra. Analogiski
eglés bandiniai (1B-2B bandymai), esant toms pacioms salygoms,
uzsiliepsnodavo po 102 s, pavirsiui pasiekus 350 °C temperatura.

3A-4A bandymuose bandiniai uZsiliepsnojo po tiek pat laiko
kaip ir 1A-2A bandymuose, vidutiniskai 13 °C padidejo uzsiliepsno-
jimo temperatura.

118

7B-8B bandymuose bandiniai uZsiliepsnojo po tiek pat laiko
kaip ir 1B-2B bandymuose, vidutiniSkai 10 °C padidéjo uzsiliepsno-
jimo temperatira.

7A-8A, 3B-4B bandymuose bandiniai uZsiliepsnojo vidutinigkai
po 140 ir 151 s, pavirsiui pasiekus 335 ir 415 °C temperatura.

9A-10A ir 9B-10B bandymuose bandiniai uZsiliepsnojo viduti-
nigkai po 300 ir 178 s, pavir$iui pasiekus 370 ir 405 °C temperatiira.

5A-6A ir 5SB-6B bandymuose bandiniai uzsiliepsnojo vidutinis-
kai po 387 ir 215 s, pavirSiui pasiekus 402 ir 498 °C temperatira.

Bandymo metu neapsaugotu antipirenais bandiniy masés netek-
tis svyruodavo vidutiniSkai nuo 2,2 iki 2,7 %, apsaugoty sertifikuo-
tais antipirenais bandiniy — nuo 3,2 iki 5,6 %, apsaugoty ne sertifi-
kuotais antipirenais bandiniy — nuo 1,7 iki 5,3 %.

Bandymy rezultatai grafiniu biidu pateikiami 1 ir 2 paveiksluose.

- 800
400 4
- 700
350
+ 600
300
- 500
g
E 250
-+ 400
200
-+ 300
150 r 200

1A-2A 3A-4A SA-6A TA-8A 9A-10A

B L aikas iki usiliepsnojimo (s) ===Pavir$iaus temperatira (°CH

1 pav. Bandymy su pusies medienos bandiniais rezultatai
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2 pav. Bandymu su eglés medienos bandiniais rezultatai

ISvados

1. Atlikus bandymus galima teigti, kad antipirenas BAK-1
(mediena padengta nesilaikant gamintojo rekomendacijy) nepailgina
pusies medienos arba iki 50 % pailgina eglés medienos laikg iki uZsi-
liepsnojimo nuo trumpalaikio papildomo degiklio poveikio.

2. Antipirenas Flamasepas-2 (mediena padengta nesilaikant ga-
mintojo rekomendacijy) iki 3 karty pailgina laika iki uZsiliepsnojimo
nuo trumpalaikio papildomo degiklio poveikio puSies medienos ir iki
2 karty — eglés medienos.

3. GTC pagamintas nesertifikuotas karbamido antipireninis tir-
palas pasizymi labai silpnomis antipireninémis savybémis. Sio tirpa-
lo apsauginés savybés panasios i sertifikuoto antipireno BAK-1 ap-
saugines savybes.
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4. GTC pagamintas nesertifikuotas amoniosulfato ir diamonio-
fosfato antipireninis tirpalas, palyginti su sertifikuotu antipirenu
Flamasepas-2, pasiZymi geromis antipireninémis savybémis, t.y. iki
2 karty pailgino pusies ir eglés medienos bandiniy laika iki uZsilieps-
nojimo.

5. Bandymuy rezultatai parodé, kad tik vienas i§ dviejy sertifikuo-
ty antipireniniy tirpaly (antipirenai buvo naudojami nesilaikant ga-
mintojo rekomendacijy) pasiZzymi geromis nuo ugnies apsaugancio-
mis savybémis.
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SELECTION FROM ALTERNATIVE
PROJECTS OF BUILDING CONSTRUCTION
Nowadays most of architectural the people in the country live in timbe- ‘ USING RELIABILITY MEASURES

red buildings, the major part of buildings are also made of wood. Current
fashion and tendency turns to old style and increased popularity of country- s Qalcanalte

side tourism and leads to increased timber usage. The nI:ain ptli]ysical fe;yu- Jungita Sakenaitc

res of timber determine its wide usage in constructions, which let use it in Mag., Vilnius Gediminas Technical University
constructional and decoration matters. In addition to plenty of advantages of E-mail: Jurgita.Sakenaite@st.vgtu.lt
timber usage, there is a great disadvantage, which restrains the usage of

wooden constructions, that’s the risk of fire. Aiming at limiting its negative

feature in the field of fire danger and spread, chemical sources against fire

effect — antipyrens (fire retardant) are used. Chemical timber protection,

that’s the process in which chemical compound featured with combustion

protective characteristics is soaked into timber. Qualitative impregnation of

wooden construction and other wooden products with antypirens, in case of

the fire, lets safe until 75 % of tangible property. x

Summary

Abstract. The paper describes an example of combined application
of Multi Criteria Decision Making (MCDM) and reliability analysis.
It is concerned with a comparative planning and arranging of build-
ing construction process. Reliability of alternative construction plans
is taken as an attribute used in MCDM. Various normalisation meth-
ods and decision-making criteria are applied to solving the problem
considered in the example. It is shown that introducing a reliability
measure into the MCDM problem requires to specify numerical in-
put information for this problem.

Problem

The organization of construction processes is often faced with
the need of selecting between several technological solutions. A for-
mal framework for such selecting is provided by the general method-
ology known as MCDM. In the present paper, the best alternative a*
between three building construction projects a;, ay, and a; is to be
chosen. The building under consideration is a 9-storey wall frame
dwelling house with roughly 65m x 65m in a plan. The projects aj,
ay, and a; are represented by three construction cycle charts (CCCs).
Two CCCs are shown in Fig. 1.
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