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A Study on the Afforestation of Fire-Resistant Forest through
an Application of Forest Fire Investigation
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Abstract : In this study, species resistant to forest fire were extracted from high trees through an investigation of
combustion mechanism. Here, the average flameless ignition temperatures of living leaves, branches and barks of oak
were respectively, 365C, 440°C and 435C, and the average flameless ignition temperatures of living leaves, bran-
ches, barks and cones of pine tree were respectively, 320°C, 405C, 435C and 363 C. It shows that generally, pine
tree has a lower flameless ignition temperature than oak and thus, has a relatively high risk of flameless ignition.
When comparing risk of fire depending on ignition characteristics, Quercus serrata had a low risk of stem fire, and
Quercus acutissima and Quercus serrata had a low risk of crown fire, as well. When analysing risk of fire depending
on a duration of flame, also, Quercus dentata had a low risk of stem fire, and Quercus variabilis Blume had a low
risk of crown fire too. Lastly, when comparing risk of fire, according to heat release rates, Quercus acutissima had
a low risk of stem fire, and Quercus acutissima and Quercus dentata had a low risk of crown fire, as well. In
conclusion, it was observed that as fire-resistant species, Quercus serrata and Quercus dentata have a low risk of
ignition, Quercus variabilis Blume has a short duration of flame after discharging ignition when a forest fire occurs,
and Quercus acutissima, Pinus Rigida and Antipathes japonica Brook have low heat release rates.

Key Words : fire identification, stem fire, crown fire, fire-resistant forest

T.ME2

AER QIR AR, AAIE Haf7t SrshEA
TEAQA A=A 3 AsHEAE s S8t
o tk=o] 545 whetshe o] SR8 AaL ok
AhEel 548 wofs] e AesAAEE
o1&t A=) WS Ao 34, AIRHA
40| 8 ARl AR 242 Yl
= 54 24 50l olFolAof 3, 53t
A EAL2 A 1 elAEe] o] gt
oz, 71 ARS AT A JAEEA
oldl AfZel ofsiA ko] Hup gl dejahy
5o thEA YEhue, a5 7 3 FE
2t oheFet S Ee Btk e A4
I e FFe F= FHRE A=Y &

& P
2 n R

yjpolymer@kangwon.ac.kr

118

obd 9 A, AR7E epiA BAshs EF Y
Ao a4, A7) W A7k WY, ash F
o] flow, o3 @AES 4RO et Muto]
A9 FFE vA. webA ol#Ek AHEo]
pitol]l FFE WA= AAES o]8dte] AREY
S SMIEES dStte A et
AAYZE ol wh=Al aste), olgh S|
St MAYE e Wek 2400 aeroR
28 = Qlek olHd ek 24e S3lA &
&7Ql AHETE|e} AHEREE Q17te] Ay A
ARG QFHEHA BEs 42 glojof gk

gt HEO] 65%7}F AbA|olH, o] F 97%
7b Aol I 7k Boll & e AAS o
ol 45% Hre2 7Y Wal, ol 2R gle
o, e ASEY| 13.6%(:HEHE 203%)
2A GA B, 13 Ui i 2
TF T 67%2 XIS AAStAL glow, Fh

g o



AR SR A S 82 S UsE Yol Jst AT
of mpsForA ARAoR BEsw did, o WEAL] hE S5 Aeudon 541
hEe] A yelegos deA f&% Ao A oj A= 2 EE7| TR Aot} B3, W, &7,
SRR, Gy AR SR AR, 2 dtgoR PRy SEA0R YRA MY
AR, 2R, B30, U2 % Qe ediie BRApel g o277, £4%
6%0] 7legon BEa, WA YRIAF o we Hrume AAYEie shurmeEst
o] of 27%S AA|to] 1 WAL 1709 haoll HoE & TAA| Do) o|27|7kA wlS cheke A4
e, e A 57k ek ol S F Table
& Aol M B ARl A8k Qs s 1o AAERen, S sg 4252 Table 2
57k Al Aol SgoR ded gk o g
AUHER 3714 £330} IR 6714 £33 o st BARL AFAVS 2L US
o Yol P vlI BASHL, ARG 7k 2 ok 4 glom, 53], gUnt REA} P
710 5-& 7Fsdt WekeE2 AlAskarAt gtk wo zodof sdEch oo thate] Table 30 2|
- = 13
2. O|= ujZ o LA HQl AEEADS AAEHATE Table 4
. 55 14 =]
== s e ¢4 $FE YHEE HRIE AAEA
oalals ALo] shd - AzE 7L} o= o AU, R Y 52 8 FAeHd B
Table 1. The climate of various regions™
TH/A Y S 20 52 | oo 2R | 2o $E | 2 B | 2o G | 2o &g v
ANE - o . - B o B
7 o_]1: _ e} _ - - - @) -
FHEE - - o o - - - -
FTAEE - - 0 o) - - o} -
A= - - o o - - © -
A= - - - - - O - ©
BAE= - - o - O - o) -
s - - ¢) - o - - o
AFE - - - - - - - ©
Table 2. Trees growing in different climatic"”
EATE B 79
TNRIARRR, U5, S, HokE, Ak Yol B SHE B9 8P
N A A i O e e ST, ARE 37 S5 o
- H“EH“% AR, BEUR A | AU oz Uig, S 7Axe] 7l B B
5, Ao, a5 aE, AU, 23U, w K
AT ZE T Deae globie 59 i 57
20" | o | WS, SR AU, R Ay e O};}f]; o’ahjgre o= [ OIH7A, TR JojMe 38R
ST B, 2T 5 ok SEEE 8 | 2 el 31, Aaislel sle]
’ ’ o SaTE B ST e sy 32 olgyiiel 2o
I S, A A | o AT, G, - 3
%T— \:1’ ‘?‘IE D, }\\_7E D, Zﬂ'{l\"‘ D? 7 % Qo H o ] Hole dFAT o
A g R s, A o ey = B
W, oA F -
OfLRE, WU, ST, S,
AU, SR, BIF 7GR, AU,
%7]'}‘]‘&“11, 7]'}‘]1/]"‘_7", %!’7]'}‘]]’]"‘?‘, %‘4"‘?‘ m‘/}_\?_%_ 7]_}\]1/]__\—71‘%_ l.;]/}_\?_ i] AT 14C o];\]_ Q"\_:‘ _}—V\_EE/H el
gme | GEW, R, FER AR | o T T g sy La | Srole] whe 26 ke =c m
Ho AV A LE T ZpE I AL AR FE, AU, Sl dare], E] | gkl W £ Aoy, AlFe 2
E)\\:ll’]"l"» Dﬂé/\u"}“r‘, —ll’]"r, 1_7H‘3i ‘/]’ITL = i \:Il-‘g] /\45-0] °]°ﬂ 23]
W, A, G, AR, iAo, ° e B
A, Ao, VT, S, wj s
v, B, A, 78, S
FAE glu BA= 2 A= 1
gy [ ZREUHE BN ol S, : 9 9 WS AT AFFNL 5T
?]—L]-—,— X'h’]"l‘, ‘_X/l— ° 0]6‘]—9] = Q_j‘

ok

FRQPHSIE|R|, M263 MI5Z, 2011H

119



_|II

Table 3. Forest statistics of different regionsm

B

P79 il AT 495 foa =4 FHEA
A 6,370,304 2,671,924 1,657,271 1,844,205 7,039 189,865
AE&EEA 15,733 1,457 7,630 4,585 0 2,061
Kokl A) 35,758 14,764 6,864 12,889 5 1,236
T2 48,975 20,830 5,878 22,069 0 198
1HFHA 40,583 7,921 15,454 14,437 0 2,771
FFAA 19,691 12,855 2,944 3,523 127 242
tAFSA 30,248 15,235 8,720 5,849 0 444
S4F3 A 68,840 24,513 20,414 21,477 18 2,418
A= 525,840 191,804 184,539 129,840 0 19,657
= 1,368,523 473,576 469,064 400,043 0 25,840
FHEE 496,255 231,628 125,254 119,659 11 19,703
A= 438,673 197,839 115,813 107,291 255 17,475
AR 446,684 193,213 151,405 90,548 684 10,834
AP 694,963 391,171 126,971 146,862 3,913 26,046
AEE 1,343,341 560,561 240,855 519,484 30 22,411
Ade 707,103 310,590 145,514 234,626 1,996 14,377
AF= 89,094 23,967 29,952 11,023 0 24,152
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Table 6. Experimental conditions of ignition temperature

Items Ignition temperature

Model KRS-RG-9000
Method of measurement Group type
Weight(mg) 20+0.01
Condition of material Raw
Waiting time of Ignition(s) 4
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Table 7. 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 8. Interpretation of the results for forest fire hazard

Items Contents
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Table 9. Result of combustion characteristics of oaks and pine trees

Classification FEl%] | A FBe =] C] | T8k I sec] | BHFE A1 S A1 sec] %[;é/;c}m%z]%* Té:‘[l;(%;d;:%% ;%j?ma?? %%ngt/}s-f—%
Living leaf| 121.50 325 38 12 59.3 332 302.2 0.027
Q.v | Branch 56.00 390 82 588 76.5 44.56 112.9 0.027
Bark 34.00 355 12 1482 101.52 56.24 184.19 0.028
Living leaf| 140.84 382 87 29 18.2 9.58 276.6 0.026
Q.d| Branch 85.99 457 217 528 46.3 36.63 104.6 0.041
Bark 69.50 420 11 130 19 14.81 130.5 0.025
Living leaf| 135.29 367 86 29 53.2 27.71 177.5 0.026
Q.m | Branch 80.16 392 200 423 439 434 159.5 0.052
Oaks Bark 76.65 454 21 286 27 2643 34.1 0.030
Living leaf| 148.99 372 85 58 31.2 17.06 424.6 0.026
Q.a | Branch 108.52 444 214 368 41.1 28.49 55.6 0.035
Bark 27.53 396 16 671 50.6 372 43.7 0.024
Living leaf| 154.84 350 35 28 29.3 16.26 174.9 0.025
O.s | Branch 69.95 494 240 297 54.4 30.44 125.8 0.030
Bark 54.93 473 69 376 29.5 19.7 114.7 0.019
Living leaf| 113.27 346 51 65 27.8 14.78 191.4 0.025
Q.ac| Branch 73.72 479 181 375 53.6 42.45 99.4 0.038
Bark 34.47 432 10 536 42.4 26.19 1323 0.019
Living leaf | 164.62 285 6 88 63.5 3527 4104 0.027
pd Branch 53.52 390 350 489 474 26.49 40.1 0.028
Bark 22.81 450 20 1016 67.4 25.97 26.5 0.018
Cone 27.79 380.7 13 309 41.7 33.61 230.81 0.028
Living leaf| 148.80 340 35 50 20.6 10.98 293.1 0.026
Pine pr Branch 97.00 406 26 613 423 21.04 229.5 0.027
trees Bark 18.00 431 8 793 449 23.08 313 0.025
Cone 33.38 3525 17 418 38.85 18.27 59.15 0.019
Living leaf| 112.85 335 48 44 38.6 2133 177.7 0.027
4j Branch 82.00 420 22 33 42.77 18.49 407.19 0.032
’ Bark 24.00 424 6 633 94.4 52.72 56.6 0.027
Cone 26.58 371.8 33 371 37.21 13.68 78.16 0.158
Table 10, Analysis of moisture contents for the living leaf and branch and bark of oaks and pine trees
Classification Range[%)] Mean([%)] Max. Min.
Living leaf 113~149 139.76 154.84(F3 113.27(°3572)
Oaks Branch 56~108.52 79.09 108.52(&%h 56.00(Z3h)
Bark 27.53~76.65 4951 76.65(A12) 275323
Living leaf 112.85~164.62 142.09 164.62(~VHE) 112.85(31%
i Branch 53.52~92.00 7751 92.00(2]71th 53.52(AUH)
Pine trees
Bark 18~24 21.60 24314 18(2171th
Cone 26.58~33.38 29.25 33.38(8)7Ith 26.58(30<%)
o g e, oy, M, A o Fole Azl Aoz yehgth geba A
S Uebew, 5ol ghego] U pFoR Y Al s U] 2715 Jee st
= A A, TR s U, A Qe Ade] A em w2 0 Aer U

RN S| K|, M26H H|5=, 20114 123



A7k A3, o] e b Al AUELS B
B gk WAk ofUjel AZRAlE Siol golA]
A e opectVa ahelA glon], A7b ) B9
ROl Wobdl % BhA] gtk e WAt
Sxuto] olgE AOE AREC Table 12994

o % %ol AZMAIS] A R RE TRt
b A AR WA AW GT, AR U
L AR 2 AwE AL 2 o, o

AP Aol7k 2 AL & S 9oL AY SR
St Fgart g s AgE e w
Qxsie} ARl |ola Ao Ars

422 2HASI2E EY

Table 110]% QAde] whe 5918 BHrdzle
225 YERITE e A9, 7],
HOE Z3t FHPASH= 346~494TC L7t
A A HYa, AUTREL 285450C LE7E
o Al HATIEE Aoz Yepytth 3o g
FasteEE AR EY, IFE= Y 365TC,
7}A] 440C, 2=3] 435C, &S 363C A=A
Tz X8 E ek Table 99l= +~FE £

A FaEREE e AT

b SUERE U REY FERekeE
7F AR w2 Zle s yehgton, 53], by
AP TR 7 wot Azt Hd
ol 7V w2 o2 YEEt FaAskeE=Tt
Srhe 2 OtE do S2o] e o]FofA
SH AZE 7FAA] Rk iAol At A
<= 9mgteh

ojel o] sFof upet Ak it F R
Zpol7h A71= A2 AR Wake=ef 2oz} QL
7] W2}, g welemo] tigh dd4-2t]
ofsh, 150~180CoflA] =31, 200Cofl A Ea}e|m,
380CoA A4S Ha1, 400T7 @2 tiA=
TA ojnf TAY WA o] ALE= AlRE
ol el ke 9 glel FAlek AL et
4.2.3. U4HESIA|IZH EM

Table 11°]= ol we FE Fob TA2}
ShARE AR BhE AIAISFATE

W FHE AR A EE
Fol A, AY 31-87x%, 7HA] 167~240%, <=9
10~692 AmoflA AR} AP on, u
39 A9, Y 48~35%, 7}A] 22~350%, 44
6~20%, &2 13332 oA THA} 2
FEo] ol whe FoE AR S 2 A

m

Table 11, Analysis of non—flame ignition temperature for the living leaf and branch and bark of oaks and pine trees

Classification Range[ C] Mean[ C] Max. Min.
Living leaf 346~382 365 382(74578) 346(412h
Oaks Branch 375~494 440 494(EF 375(F3)
Bark 396~473 435 413(ED 396(H2)
Conifer 285~340 320 340(2)71th 285(2H)
i Branch 390~420 405 420(30) 390(ZLH)
Pine trees
Bark 424~450 435 450(21H) 24(31%)
Cone 353~381 363 381(&UH) 353(2]710h
Table 12, Analysis of flame ignition time for the living leaf and branch and bark of oaks and pine trees
Classification Rangef[s] Mean(s] Max. Min.
Living leaf 31~87 63 87(92) 3(ED
Oaks Branch 167~240 203 24023 167(Z%)
Bark 10~69 23 69(ZH 10(°32])
Living leaf 35-48 ) 48(305) 35(2UH)
) Branch 22~350 133 350(&HH) 22(305)
Pine trees
Bark 6~20 11 20(A24H) 6(3%5)
Cone 13~33 21 33314 13(AU)
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Table 13. Flame ignition temperature of living leaves™
Bolits) ex =
aoc A, FELYT
460°C 5
500°C i i e L e e e R Y L e
530C E S ALBACE
540°C ST, AE U
550C BUR, AZARE U, v, QRS Y, R
610C S, oA, S, Tt
620C U
650C Rl

Table 14, Analysis result of flame duration time for the living leaf and branch and bark of oaks and pine trees

Classification Range[s] Mean(s] Max. Min.
Living leaf 16~65 42 65(’372) 16(23
Oaks Branch 297~528 411 528(H 2 297(E3
Bark 130~1045 507 1,045(23 130(82)
Living leaf 4450 47 50(2171eh 44(315)
i Branch 33~613 374 613(171th 33(30%)
Pine trees
Bark 633~1016 814 1,016(2H) 633(305)
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Table 15, Analysis result of heat release for the living leaf and branch and bark of oaks and pine trees

Classification Range[MJ/mz] Mean[MJ/m’] Max. Min.
Living leaf 18.2~53.2 29.97 53223 18.2(°%))
Oaks Branch 41.1~80.3 5327 80.3(=%) 41.1(92)
Bark 19.0~109.5 109.5(2% 19.0(442)
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