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Experimental characterization of firebrand ignition
of some wood building materials

Paper presents investigation on behaviour of wood construction material samples (plywood, oriented strand
board, chipboard) in laboratory conditions as a result of a heat flux effect from naturally occurring flaming
and glowing firebrands. The data of comparing ignition delay time of pine wood and wood-based construc-
tion materials (plywood, oriented strand board, chipboard) depending on the size and quantity of firebrands,
initial temperature of samples, as well as the presence of air flow in firebrands falling zone is obtained. Igni-
tion probability and conditions of wood construction materials as a result of the thermal effect of flaming and
glowing pine firebrands are also studied. The obtained data allowed one to judge that according to chosen ex-
perimental parameters, the ignition time decreased with increasing air flow, as well as with an.increase in the
size and number of particles. It was experimentally confirmed that particle size plays a significant role in ig-
niting of building structure. If the characteristic particle size is less than a certain characteristic value, which
can be defined as the ratio of its volume to the surface area in contact with wood, then ignition mode with an
abrupt maximum of temperature near phase boundary is not appear.
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Introduction

Wildfires are one of the most serious problems:of the world. The scale of the damage caused by wild-
fires around the world is catastrophic [1]. It can be the cause of wooden bridges, oil product depots, buildings
in cities ignition. Flaming and glowing firebrands, which are formed due to the burning of forest combustible
materials, cause particular interest. These firebrands can be carried away over long distances by falling into a
convective column that forms above the fire zone and lead to a new fire. Moreover, in flight they burn in
flameless conditions [2]. Thus, one.of the damaging factors of wildfires is the burning elements of forest
combustible material, which can be also carried away to a territory of urban environment [3]. This problem is
actively researched in Australia, USA, Canada, Portugal, and Greece.

Large-scale wildland and wildland-urban interface (WUI) fires have happened more frequently in re-
cent years. Direct flame/contact, radiant heat, and burning firebrands (or embers) have been identified as
three principal ways that cause fire spread in the wildland and WUI [4—7]. However, only burning firebrands
can initiate a new spot fire at distances further than 60-m away from the main fire front [8]. Spotting due to
firebrands also referred as the firebrand phenomenon can overpower fire suppression efforts and becomes the
dominant fire'spread mechanism [9]. The spotting process includes three phases: firebrand generation, trans-
portation, and ignition of the recipient fuel.

The ability of a firebrand to travel far way and start a new fire is a function of its physical properties
and the environmental parameters [10]. Primary physical properties of a firebrand include mass, size (aero-
dynamic) shape, surface temperature, heat flux, and the heat of combustion of the fuel. The shape and di-
mensions are critical factors in firebrand transport. The mass and heat of combustion determine the total
available heat energy from the firebrand. Surface temperature and heat flux play an important role in heat
transfer from the firebrand to the recipient fuel. Environmental conditions influence all three phases of the
firebrand phenomena. Key parameters include relative humidity, environmental temperature, wind speed,
terrain conditions, and the condition of the recipient fuel. Among the environmental parameters, wind speed
is critical effecting breakage of burning fuel leading to the generation of firebrands, transport mechanism
(e.g., travel distance) and the burning behavior. Softwood is usually used in construction as a load-bearing
structure, and hardwood is used as a finishing material. One of the factors determining fire hazard of wood
[11] is its capacity to ignite and to stimulate fire propagation. Aim of this work is to study behaviour of wood
building material samples in laboratory conditions as a result of heat exposure from a point source.
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Experimental

The following laboratory setup was used to study the ignition probability of wood construction materi-
als from flaming and glowing firebrands (Fig. 1).

b

1 — laboratory autotransformer; 2 < heating element; 3 — pallet; 4 — wood sample; 5 — cell;
6 — stopper; 7 — heat gun; §— burner; 9 — tripods; /0 — particle samples; // — bracket

Figure 1. Scheme (@) and photo (b) of the experimental setup

Experimental equipment involves the following devices: a scientific infrared camera JADE J530SB
equipped with an optical filter whose operating wavelength is 3.1-3.3 pum which allows one to record the
temperature in the range/of 300-800 °C; a video camera Canon HF R88 applied for estimating the ignition
delay for considered:samples made of wood construction materials; a moisture content analyzer AND
MX-50 for controlling moisture content of the studied samples; AND HL 100 scales to control the initial
particle mass and the mass of wood sample.

The wood sample was preheated with a heating element to a temperature of 200220 °C for 4 minutes
[12]. Thus, the conditions were simulated when a wooden structure is exposed to heat flux from an approach-
ing front of wildfire [13, 14]. Concurrently, particles were placed in the cell 5 mounted on the tripods 9,
which had openings in the base sufficient for uniform heating of the particles, but excluding the possibility of
particles falling out during the experiments. The volume of cell allowed one to place single particles in it, as
well as groups of particles. Particles fell onto the wood sample when the sliding bottom of the cell was
opened. Bottom parts were attached to the cell walls with hinges and were fixed in a horizontal position by a
stopper 6. Two halves of the bottom fell under their own weight and firebrand fell when the latch was pulled
out.

Particles were ignited and carried to a smoldering state with two gas burners 8. One burner was placed
under the cell 5, and the other above it (Fig. 2) for uniform heating. After reaching the required temperature
on the surface of sample, the substrate with sample was moved under the cuvette with particles preheated
using gas burners, and they were discharged.

Plywood, chipboard and oriented strand board (OSB) are used as the samples of wood construction ma-
terials which are popular in the market.
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The main parameters of samples are presented in Table 1.

Table 1

Sample parameters of construction materials

Plywood OSB Chipboard
Size, [mm] 150150 150150 150150
Thickness [mm)] 21 18 18
Density, [kg / m’] 650690 570+590 570+590

The samples were isolated from the environment with a heat-insulating material so that one of the sur-
faces remained exposed to heat from falling particles. A photo of the sample before the experiment is shown
in Figure 3.

Figure 2. Photo of the flame effect on particles Figure 3. Photo of the sample before the experiment

The temperature during heating on the wood surface was controlled using an infrared camera. Figure 4
shows the thermogram of a wood sample as a result of heating by tubular heating element and the minimum
(441 K), maximum (505 K), and average (479 K) temperatures on the surface of sample (in selected area 1 in
the thermogram) obtained using-Altair software. Previously in [17], it was found that firebrands of bark and
branches were formed more often in alarge wildfire. In current experiment, we used rectangular laths as par-
ticles that coincide in size with. the typical particle sizes determined during field experiments [15]. Photos of
the samples are shown in Figure 5.

Label | Min (K) | Max (K) | Mean ...

Figure 4. Thermogram of a wood sample after heating Figure 5. Model particles

The particle length in this experiment was: (20£2; 404+2; 60+£2) mm. The moisture content of particles
did not exceed 10 %, for samples of wood construction materials it was 6—8 %.
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Glowing firebrands, which effects the surface of sample, are of particular interest in current research.
The case when glowing firebrands that form during a wildfire can accumulate on the roof and in corners of
buildings, fences, or find a way to get inside premises and ignite it is simulated in these experiments.

The optimal particle ignition time was preliminarily selected (Table 2), at which the particle smoldering
phase was achieved [18—19]. Particle burner time depended on particle size and quantity. Particle tempera-
ture was monitored using a JADE J530SB infrared camera.

Under natural conditions, the effect of firebrands on various wooden structures is accompanied by a
number of natural factors, in particular, the action of a heated air stream from the front of a wildfire. Glow-
ing firebrands discharged in the experiments onto wood samples were blown using a heat gun, Interskol
FE2000-E brand, with a stream of heated air at a speed of 1.5 m/s, 2 m/s and 2.5 m/s with corresponding
temperatures of 40 °C, 60 °C, and 110 °C. An air flow was directed to the surface of the wood sample into the

particle discharge region using a nozzle. The ignition moment was recorded using a Canon LEGRIA HF R86
video camera.

Table 2

Exposure time depended on particle size

Length, [mm] | Exposure time, [s]
Rectangular slats 20 1>
40 20
60 25

A series of experiments began with one glowing firebrand, thén two and so on up to 10 particles, there-
by simulating the ignition of wood from one particle, as well as in the case of «fire rain». Three repetitions
were performed for each experiment. If ignition occurred in at least one of the three cases, it was believed
that the wood sample ignited. Ignition was understood as the appearance of a flame on the surface of samples
of wood construction materials with subsequent steady burning.

Results-and discussion

It was found that ignition of the samples was not observed in the range of wind speeds of 0+1 m/s.

The probability of ignition of a preheated surface of plywood, chipboard, and OSB samples depending
on the size of flaming and glowing firebrands and their amount interacting with this surface at various wind
speeds was estimated as a result of a series of experiments (Fig. 6).
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Figure 6. The dependence of wood samples ignition of construction materials on the size and quantity of glowing fire-
brands at air flow rates of 2 m/s and 2.5 m/s, where a is plywood, b is oriented strand board, ¢ is chipboard

Analysis of the graphs shows that with increasing wind speed; the probability of wood ignition by parti-
cles of the same size increases. In particular, with an increase of wind speed from 2 to 2.5 m/s, the minimum
number of particles with a length L = 40 mm, sufficient to ignite the wood, decreases from 7 to 3 particles.
The number of particles also affects the ignition process of wood.

Figure 7 shows a typical group of images on particle ignition of a chipboard sample, on the surface of
which glowing firebrands of length 40 mm in the amount of 6 pieces were discharged. The air flow rate was
2 m/s. It should be noted that the transition of particles from the glowing phase to the flame occurs due to the
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influx of the oxidizing agent from the heat gun. In particular, the transition occurred already at the 8th se-
cond in this case (Fig. 7), which subsequently led to the burning of chipboard over the surface.

1 min. 1 min. 30 sec.

1 min. 50 sec. 2 min. 10 sec.

Figure 7. A group of images on the effect of particles on a chipboard sample

Previously in [18—19], the experiment was conducted on the ignition of wood samples from a pine con-
struction board as a result of exposure to flaming and glowing firebrands of pine bark. The experimental
technique is similar. It was concluded that the probability of ignition of wood samples increases with increas-
ing particle size, as well as withiincrease in air flow rate. The size of rectangular slats (40 mm long) was cho-
sen based on this, which'is close in size to particles of pine bark, which has the highest incendiary potential
for the chosen experimental parameters (30x30 mm and 5 mm thick).

Figure 8 shows graphs comparing the ignition delay times of pine wood and construction materials
(plywood, OSB; and chipboard) depending on the number of particles at air flow rates of 1.5 m/s, 2 m/s and
2.5 m/s.
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Figure 8. The ignition delay times of pine wood and construction materials
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There is a tendency to decrease the ignition time of samples with an increase in the number of particles
according to the analysis of graphs (Fig. 8). It can be seen that in the cases with plywood and chipboard
samples, the ignition times are close to the times of pine wood ignition in the case of bark particles, and in
the case with OSB, a large number of particles (8—10 particles) are observed, the ignition time is significantly
reduced, more than 2 times compared to a similar experiment with pine. The obtained data allows one to
judge that, at the chosen experimental parameters, the ignition time decreased with increasing air flow, as
well as with an increase in the number of particles.

Conclusion

The behavior of samples of wood construction (plywood, OSB, chipboard) was studied as a result of
heat exposure from flaming and glowing firebrands.

It was found that ignition of the samples was not observed in the range of wind speeds of 0=1 m/s. The
considered construction materials from wood (plywood, OSB, chipboard) were more resistant to ignition
with the chosen experimental parameters. Apparently, this is due to the composition of studied samples,
which contains additional binding components (synthetic resins). In addition, the presented construction ma-
terials have a lower surface roughness, unlike a standard building board.

The use of IR diagnostics made it possible to estimate the temperature on'the samples surface and to se-
lect the optimal heating time. Moreover, this made possible to control the phase of glowing firebrands before
discharge.

This study was supported by the Russian Science Foundation (project No. 18=79-00232).
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B.A. Tapakanosa, /I.I1. KaceimoB, O.B. I'ansuesa, H.B. Unuepuna

Keii6ip aram KypbLibic MAaTepHAIAAPbIHBIH TYTAHYbIHBIH
IKCMEPUMEHTTIK CHIIATTaMAChI

Maxanaza 3epTXaHalbIK IIApPTTapAa TaOWFU JKarjailaplia jkaHy OHE OBIKCY OeJIIeKTepiHiH >KbUIYIIBIK
SCepiHiH cajjapblHAH arall KypbUIBIC MaTepHanaapbl yaritepiHin (¢aHepa, jxocmapibl Typje ajblHFaH
JKOHKa TaKTachl, CYPEK-)KOHKA TaKTachl) O€TanbiChl OO#bIHIIA 3epTTey Kyprizinren. JKaHbll >KaTKaH
OeJIeKTepIiH Meepi MeH CaHbIHA, YIATLIEpAiH OacTamKbl TeMIepaTypachblHa, COHJal-aK OeMMeKTepaiH
KyJlay aiiMarblH[a aya aFbIHBIHBIH OOJybIHa OailllaHBICTHI Kaparail MeH arail KYpbUIbIC MaTepuasiapblHbIH
(danepa, sxocmapibl TYp/e ajJblHFAH JKOHKA TAKTachl, CYPEK-)KOHKA TaKTaChl) TYTaHY YaKBITBIH CaJbICThIPY
nepekrepi anbiHasl. CoHnal-ak, epTeHy Karaainapsl KoHe KaparailbIH jkaHFaH, OBIKChIFaH OOJIIeKTepiHiH
XKbITy OCEpIHEH aralliTaH jKacallFaH KYPbUIbIC MATEPHANAAPBIHBIH TYTaHy BIKTUMAIBIEbI 3epTTEIIAl. ANIbIHFaH
MONIMETTep SKCHEPUMEHTTIH TaHJAJIFaH MapaMeTpiepiHAe aya arbIHBIHBIH JKOFAapbUIaybIMCH, COHMaH-aK
OeJIIeKTepAiH MeJlIepi MEH CAaHBIHBIH apTybIMEH TYTaHy yaKbIThl TOMEHIEreHIH Oaralayra MYMKIHAIK
Oepeni. Bemmektep/iH Meuepi KYpbUIBIC KYPBUIBIMBIH TYTaHIBIPYIa MaHbI3bI POJ aTKapaTbIHIBIFbI
9KCHEPUMEHTABI TYpAE pactaiipl. Erep OHBIH KeJEMiHiH aFamilicH JKaHacaThlH OCTiHIH ayJaHbIHA
KaTBIHACHI PETiHJe aHBIKTayFra OONaThIH OeNmeKTiH ToH Menmepi Oenrium Oip MoHHeH a3 Ooica, oHAa
(azanbIK 1IeKapaHbIH JKaHBIHAAFl TEMIIEPATYPAHBIH KYPT MAKCUMYMBIMEH TYTaHY PEKHUMi OpBIHAAIMAIIBL.
MyHbl XbUTy (eHIHEH KeNeTiH JKOHE XHMMUSUIBIK pPeakLHsIap ~HOTHXKECiHAe maiia OoJlaThIH IKbLTY
MeJILIEpIMEH  CAIBICTBIPFAHIA JKBUIYJBIH CBIPTKbI OpTara. Tapalybl apKbUIBl TYCIHAIpyre Oosajpl.
Benexkrepin TOH MeJIIepi MOCENEHIH HAaKThl TYXKbIPHIMBIHA JKOHE MAaTEPHAJIbIH TYPiHE, OHBIH JKbULY
oTKI3rimTik ko3ddunnentine 6ainaHbICThI 60IAIBI.

Kinm co30ep: *aHBII jxaTKaH OOJIIEKTED, XKBUTY dcepi, aFall KyPhUIBIC MaTepuasapsl, TYTaHy.

B.A. Tapakanosa, /I.Il. Kaceimos, O.B. T'anbiiesa, H.B. Unuepuna

JKCINepUMEHTANbLHASI XapaKTepUuCTUKA BOCIJIaMeHeHUs
HEKOTOPBIX JIPEBECHBIX CTPOUTEJIbHBIX MATEPHATIOB

B craTthe npoBesieHO HCCIIE0BAHUE B JaOOPATOPHBIX YCIOBHAX MO MOBEAECHUIO 00PA3L0B JPEBECHBIX CTPOHU-
TEJBHBIX MaTepuanoB ((anepa, OPHEHTHPOBAHHO-CTPY)KEUHAs IUIUTA, NPEBECHO-CTPYXKEUHas IUIMTA) B pe-
3yJbTaTe TEIIOBOTO BO3AGHCTBHS OT TOPSIIUX M TIEIONIUX YaCcTHIl IPUPOTHOTO MPOUCXOXKAeHH. bpimn mo-
Jy4eHbl JaHHBIE CPABHEHMSI BPEMEHH 3aJI€P>KKU 3a)KUTaHUS APEBECHHBI COCHBI M IPEBECHBIX CTPOUTEIBHBIX
MarepuaioB ((aHepa, OpHEHTHPOBAHHO-CTPYKEUHasl IUINTA, APEBECHO-CTPYXKEUHAs IUTMTA) B 3aBUCHMOCTHU
OT pa3Mepa ¥ KONUYCSCTBA TOPSIIUX YaCTHUIl, HAYAILHOH TeMIlepaTypsl 00pasIoB, a TakKe OT HAIMYUS BO3-
JYHIHOrO MOTOKA B 30HE MaJIeHUs 4acTull. Tarke UCCIeI0BaHbl yCIOBUS 3a)KUTaHUs M BEPOATHOCTh BOCILIA-
MEHEHUS CTPOUTENIBHBIX MaTEpHaloB M3 JPEBECHHBl B pPE3ylbTaTe TEIUIOBOIO BO3JCHCTBHSA TOPALNIMX U
TIEIONINX YacTHI COCHBI. IloydeHHbIe JaHHBIE TTO3BOJISIOT CYAUTH O TOM, YTO IPH BBIOPaHHBIX MapamMeTpax
9KCIIEpIMEHTa BPeMsl 3aKUT'aHHs CHIDKAJIOCh C YBETMYEHHEM BO3JYIIHOTO MOTOKA, a TAKXKE C YBEIMUYEHHUEM
pasMepa i KOIUUeCcTBa YacTHUIl. DKCIEPUMEHTAIBHO TMOATBEPKAEHO, UTO CYIIECTBEHHYIO POJIb B BOCILIAME-
HEHUHU CTPOUTENIBHOM KOHCTPYKIMM MIPAeT pa3Mep 4yacTULl. Eciau XapakTepHbIM pa3Mep 4acTUIllbl, KOTOPbII
MOKHO OIIPEJIeNIUTh KaK OTHOIIEHNE ee 00beMa K U0 OBEPXHOCTH, COIPHKACAIOIIEHCS C IPEBECHHOM,
MEHbIIIE HEKOTOPOH XapaKTepHON BEJIUYUHBL, TO PEKUM 3aKUTAHHUA C PE3KUM MAKCHUMYMOM TeMIIEpaTyphbl
BO3JIE TPaHUIEI paszena (a3 He peaausyercs. OTO MOXKHO OOBSICHHUTH MPEBAJIHMPYIONIMM OTBOJOM TeIlIa BO
BHEIIHIOIO CPey 10 CPAaBHEHUIO C KOJIMIECTBOM TeIUIa, MOCTYMAIONINM OT TeINIOBOTO ()eHA M BOSHUKAIOIINM
B pe3yJIbTaTe XUMHUYECKHX peakiuid. XapakTepHbI pa3Mep 4yacTHIl OyAeT 3aBHCETh OT KOHKPETHON HOCTa-
HOBKH 33/1a4 U TUIIa MaTepuana, ero Ko3GpdUInueHTa TeIonpOBOJHOCTH.

Kniouesvie cnosa: ropamue 4acTulpbl, TEIIJIOBOE B03ﬂel‘;lCTBI/Ie, JAPEBECHBIE CTPOUTEIIBHBIE MAaTEpUaJIbl, BOC-
IIJIaMCHCHHUE.

20 BecTHuk KaparaHguHckoro yHusepcuTeTa



Experimental characterization of firebrand ignition ...

References

1 Yool, S.R. (1985). Describing the brush fire hazard in southern. California Annals of the Association of American Geogra-
phers, 75(3), 417-430.

2 Filkov, A., Kasymov, D., Zima, V., & Matvienko, O. (2016). Experimental investigation of surface litter ignition by bark
firebrands. AIP Conference Proceedings, 1698(060004), 1-6, Doi: 10.1063/1.4937859.

3 Castro, R., & Chuvieco, E. (1998). Modeling Forest Fire Danger from Geographic Information System. Geocarto Interna-
tional, 13, 15-23.

4 Clements, H.B. (1977). Lift-off of Forest Firebrands. Forest Service, U.S. Dept. of Agriculture, Southeastern Forest Experi-
ment Station, Asheville, SE-159.

5 Maranghides, A., & Mell, W. (2011). A Case Study of a Community Affected by the Witch and Guejito Wildland Fires. Fire
Technology, 47, 379—420. DOI: 10.1007/s10694—-010-0164-y.

6 Koo, E., Linn, RR., Pagni, P.J., & Edminster, C.B. (2012). Modelling firebrand transport in wildfires using
HIGRAD/FIRETEC. International Journal of Wildland Fire, 21, 396—417. DOI: 10.1071/WF09146.

7 Caton, S.E., Hakes, R.S.P., Gorham, D.J., Zhou, A., & Gollner, M.J. (2017). Review of Pathways for Building Fire Spread in
the Wildland Urban Interface Part I: Exposure Conditions. Fire Technology, 53,429-473. DOI: 10.1007/s10694<016-0589-z.

8 Cohen, J. (2008). The wildland-urban interface fire problem. Forest History Today, 11, 20-26.

9 Koo, E., Pagni, P.J., Weise, D.R., & Woycheese, J.P. (2010). Firebrands and spotting ignition in large-scale fires. Interna-
tional Journal of Wildland Fire, 19(7), 818-843. DOI: 10.1071/WF07119.

10 Tohidi, A., Kaye, N., & Bridges, W. (2015). Statistical description of firebrand size shape distribution from coniferous trees
for use in metropolis Monte Carlo simulations of firebrand flight distance. Fire Safety Journal, 77, 21-35. DOI:
10.1016/j.firesaf.2015.07.008.

11 Pantoli, M.R.L., Muttillo, M., & Annibaldi, V. (2018). Performance Monitoring of Wood Construction Materials by Means
of Integrated Sensors. Key Engineering Materials, 792, 195-199.

12 Babrauskas, V. (2005). Charring rate of wood as a tool for fire investigations. Fire Safety Journal, 40, 528-554, DOI:
10.1016/j.firesaf.2005.05.006.

13 Cohen, J.D. (2000). Preventing disaster: Home ignitability in the wildland-urban interface. Journal of Forestry, 3(98), 15-21.

14 Rehm, R.G., Hamins, A., & Baum, H.R. (2001). Community-scale fire spread. Proceedings of the California’s 2001 Wildfire
Conference, California, 126—139.

15 Filkov, A.L, Prohanov, S.A., Mueller, E., & Kasymov, D.P. (2017). Investigation of firebrand production during prescribed
fires conducted in a pine forest. Proceedings of the Combustion Institute, 36(2), 3263-3270, DOI: 10.1016/j.proci.2016.06.125.

16 Toregldin, M.M., Seldyugaev, O.B., & Tanasheva, N.K. (2019). Protection against dust explosions in coal mines using shale
barriers. Bulletin of the University of Karaganda-Physics, 2(94), 73—81.

17 Nussupbekov, B.R., Khassenov, A.K., Stoev, M., Karabekova, D.Z., & Beysenbek, A.Z. (2017). The technology for the in-
tensification of the process of bioethanol production. Bulletin of the University of Karaganda-Physics, 1(85), 60—66.

18 Kasymov, D.P., Agafontsev, M.V., Perminov, V.V., & Tarakanova, V.A. (2018). Studying the resistance to fire of wood un-
der the different type of thermal impact while forest fires. Proceedings of 24th International Symposium on Atmospheric and Ocean
Optics, Atmospheric Physics SPIE 10833, 1083356. DOI: 10:1117/12.2504454.

19 Kasymov, D., & Paletsky, A. (2017). Effect of a fire retardant on the ignition of pine wood exposed to smoldering particles
of pine bark. EPJ Web of Conferences, 159, 00026. DOI: 10.1051/epjconf/201715900026.

Cepus «dunsukay. Ne 4(100)/2020 21





