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A Study on Application of Combustion Products for Forest Fire Investigation
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Abstract :

This study was designed to provide basic data applicable to fire investigation through consideration of

combustion products and propose vulnerability of combustibles through analysis of CO, emission. In order to achieve
these research objectives, characteristics of combustion products such as smoke release rate of each part(raw leaves,
branches and barks), CO, emission and ash production were considered targeting on 6 oak species(Quercus variabilis
Blume, Quercus aliena Blume, Quercus serrata, Quercus mongolica Fisch, Quercus dentata Sapling and Quercus acu-
tissima) using cone calorimeter and smoke density tester. As a result, it was found that raw leaves release smoke
more relatively than branches and barks, when they burn, and that Quercus variabilis Blume has the highest smoke
density. Also, Quercus acutissima released CO and CO, which are respectively, 6.67 times and 1.43 times more than
Quercus variabilis Blume with low CO, emission. In addition, branches released CO and CO, more relatively. There
was a big difference in ash production among raw leaves(3.1 g), branches(10.5 g) and barks(16.43 g). It was identified
that Quercus serrata produces ashes which are nearly 9.95 times more than Quercus variabilis Blume. It demonstrates
that Quercus serrata contains relatively higher minerals and that Quercus variabilis Blume can leave lots of traces
like stain and carbonization, as it releases smoke a lot and it's difficult to predict visibility, when a forest fire breaks
out in its community area. It is also considered that smoke particles containing oil in the air leave strain on the
surface of a tree, and that CO and CO, emission increases, when crown fire to burn branches breaks out.
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Table 1. Percentages of moisture contents for the living leaf
and branch and bark of Quercus species

Quercus species Moisture contents[%)]
living leaf 145.34
Quercus variabilis branch 56.00
bark 34.00
living leaf 140.84
Quercus dentata branch 85.99
bark 69.50
living leaf 135.29
Quercus mongolica branch 80.16
bark 76.65
living leaf 148.99
Quercus aliena branch 108.52
bark 27.53
living leaf 154.84
Quercus serrata branch 69.95
bark 54.93
living leaf 113.27
Quercus acutissima branch 73.72
bark 34.47
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Table 2, Experimental conditions of cone calorimeter

Items Contents
Size(mm) 100x100
Weight(g) 50
Heat flux(kW/m?) 50
Test time(s) time until there was no more weight decrease
Material condition Raw

Table 3. Experimental conditions of smoke density chamber

Items Contents
Size(mm) 75%75
Weight(g) 10

Heat flux(kW/m’) 25
Test time(s) 1,200
Material condition Raw
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Table 4. Analysis of carbon dioxide emission for living
leaves, branches, barks in Quercus species

Classification R;Jz%e I\E[f/gn Max. Min.
Living leaf 49253512; 72.10 (E]S_ilé) ‘(‘%3%3_2)
Quercus | Branche %39% 101.88 ( )5_1&?_13]) (%2'%%)
| it [ | 0| 2

Table 5. Analysis of total carbon dioxide emission for living
leaves, branches, barks in Quercus species

Quercus species | Total emission amount of carbon dioxide[g]
Quercus variabilis 210.723

Quercus dentata 262.96
Quercus mongolica 264.54

Quercus aliena 281.958

Quercus serrata 241.387
Quercus acutissima 301.033

it
S

a0 HA o2 FA5ke] Wk
s 2 e St 8 4 o)

Table 59 AL, 717, XS Ak 4=
TH CO, W& ATy =58 ol kst
2 v SRS AT R, 23 210723 g, wdy
26296 g, AZ 264.54 g, 2 281.958 g, =%+
241387 g, A<=g] 301.033 g A= Hj&dl= Ao
vhepgtek.

web, AUt ojAlstelA: BiEeo] Ay
How we sEow ushtos, FHuRL
1434 &2 olislElas wiEshs Ao et
ek whebd, QlokslA Al ARpEluR Shs 4
% 7hed) Aijder we olisleas Wi

o2 Az, ojitslErao] HEe 2AkA
of o2 M| W2 23 TFE GUE Ao
2 AlgREch

4.2.4. Carbon monoxide(CO) HiE2F EM
Fig. 40l= % 50 ¢ A=7]=of et Hur

7] % F9 CO FHiETE-S Uetiiglon, o
o thsto] Table 80 7420 2 AAIsteich. Table
6oll= Rl tolatslers vEere bl wEA
slo] AABFATE A4S 10.80 g, 7HA] 12,51 g, 421
1133 g A v&she Ao vk 7125
L AT, SuRglnc Aoz dksheia
gl wtes), deinct Lie o ?jzw
FAE HiEshe 2o Uehith teese 4

115



iy
20
18 +
16
T 14
e 12 4
g 10 A
=
5 =81
= 26 A
S
F 04
@ o 5
£ 2
T 0 - - -
sl 25l sl sl sl ¢ w5 %l S| %5 S| ¢
g R R EEEE
o ST o E| T | o ST g & T | o o S
c| o c| & c| & c| S c| & =
Quercus | Quercus | Quercus | Quercus | Quercus | Quercus
variabilis | variabilis |acutissimajmongolica| serrata | dentata
Quercus species
Fig. 4. Total amount of emissions of carbon monoxide for

Quercus species,

Table 6. Analysis of carbon monoxide emission for Quercus

species

Classification Range Mean Max. Min.
[[g] [lg]

L 1.6217~ 17.2710 | 1.6217
Living leaf 172710 10.80 R e
) 2.8597~ 152410 | 2.8597
Quercus|  Branch 150410 12.51 Az | (@)
24618~ 14.6930 24618
Bark 1 ggo30 | 13| @y | @

o, Y «o&2 Ueyith

UADIEA(CO)= AL BE A4 I &
I THES B A4
ABEARE 7198 E A
A7 s¢t A= 27)0 HAAE & 4kt
Elo] o4kl (COy) 7} Hieh AR o] 7
AaollA= B Yatsberao] k2 2 ¥ ppm
(02%) o= Ao WA b=t} SHAITE Akax7}
Zh Faol =R gAY E4 e Ao &
(postflashover) S}Aof|A1= 1~10% 7 %(10,000~100,000
ppm) 9| YAaksheta7t HAg ET

Table 79i= £ 50 g A=7]El it A,
7], S R91E T4kt 5 dAkshera i
= AN = dAsiera iS4
TR, FE 6.9432 g, 92U 41.068 g, Al
ZF 39314 g, 23k 44.523 g, £3F 29.7507 g, A
2] 46301 g &= vjEdh= A0 R Yepth okt
A, v gatsiea viEske)] 7MY =2
FF Aem yehgon, 3R 6.674H)
=2 dABIRAE viEshes o2 YEyith

webA, dopsk Al Apeuite U F
7Hed| iAo ® W o Akaletax o A itabeka

116

AFRUEALA AUbe] ik ATja o R
© olalsietact UAlslkaS WEY RO A
2En, 55, o] S den dass 4
2 Sps} FejolA il W o=
AREG AP AT 7147} B A
Zre] Zolghd Ao Ame we FFS A
QLT BHSIRE S4o] Aol ML 3T §1%)0]
F83 71aE 97147k Ugichs AL oJug 4
ok oly) 7hetE shFo] Ae thE Lomy
olefst o= vt SAFEUEA ] olE 11
okl Fag gu)g 2

Table 7, Analysis of carbon monoxide emission for Quercus

species

Quercus species |Total emission amount of carbon monoxide[g]
Quercus variabilis 6.9432

Quercus dentata 41.068
Quercus mongolica 39.314

Quercus aliena 44.5230

Quercus serrata 29.7507
Quercus acutissima 46.3010

Table 8, Total emission amount of carbon dioxide and carbon

monoxide in Quercus species

Quercus species COs [g] CO [g]

living leaf 42382 1.6217

Quercus Iy nch 82.918 28597
variabilis

bark 85.423 2.4618

living leaf 82.51 15.12

Quercus branch 107.81 13.268

bark 72.64 12.68

living leaf 85.493 13.731

Quercus |4 ek 102.64 13.809
mongolica

bark 76.407 11.774

living leaf 81.489 14.829

Quercus |4 nch 99.779 15.001

aliena

bark 100.69 14.693

living leaf 45.326 2.2647

Quercus |y nch 104.99 14917
serrata

bark 91.071 12.569

living leaf 95.413 17.271

Quercus |4 ich 113.12 15241
acutissima

bark 92.5 13.789
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Table 9, Total ash amount for living leaves, branches, barks
in Quercus species

Classification Range Mean Max. Min.
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Living leaf| 1.7~4.1 3.1 (_g_%_) (ézg)
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Table 10. Analysis of total ash amount for living leaves,
branches, barks in Quercus species

Quercus species Total residual amount[g]
Quercus variabilis 210.723
Quercus dentata 262.96
Quercus mongolica 264.54
Quercus aliena 281.958
Quercus serrata 241.387
Quercus acutissima 301.033
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