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The Thermal Characteristics of Tree Branches, Barks, Living Leaves
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ABSTRACT

Disclosed is a study related to the thermal characteristics of Pinus densiflora and Quercus dentate
identifying the presence of any significant difference in the above trees, which are native to Young
Dong Province of Korea, according to different regions of the trees such as branches, barks, living
leaves and dead leaves. For this purpose, we have carried out a cone calorirneter test focusing on the
variables such as mass loss, heat release, ignition time, flame holding time and concentrations of CO
and CO,. The results showed that the total mass loss was greatest in tree branches, whereas the igni-
tion time of dead leaves was fastest both in Pinus densiflora and Quercus dentata. The flame holding
times of dead leaves and barks were about 640~1,016 s and the total heat release of dead leaves was
around 60.1 MJ/m®, twice the total heat release of living leaves. In addition, the maximum exhaust
concentrations of CO and CO, in tree branches of Quercus dentata was 2.82 times higher than those
of Pinus densiflora. respectively. From the foregoing, it was confirmed that there exist region-specific
differential thermal characteristics in Pinus densiflora and Quercus dentata.

Keywords : Pinus densiflora, Quercus dentata, Cone calorimeter, Mass loss, Heat release rate

LN B

Q7] 2 davkze) B ol slen, o] aiES
B 333 A APHA ¥ AL Jlem

A U S B0 s AxE el
e AR NEIRVE AHET. ARdEs
2E A28 B9 AaYRE AR FHRE, ¥
5%, 48F 5o Wt A0, S AYHL 2
Hote 7o RaseE ARel Fapy P 92
4, ABIE BN BAske 935 A0 YESE,

TE-mail: yjpolymer@kangwon.ac.kr

84

2 7194 dgd g d454 2L 338 8
a2A dHHRL ok B2y 7HAY s dE
20| WA Wady ol 3 1A d89y
Aele 79 ¥, 43, 282 AAY FE Qo] A
AE 42752 G54 Teisloiop du) g
U 8ol Wit 7t FrhE 1ES ARG A48
9} R wet t2A FLH glen Fudr=
olo] Ui 7\ ZAEI}F FA BE2d AAFo|}?



A}Ts} HAUTe) Fo Hd GHBP B AT

Aol e T 3 AHEY vFe] A
$, AAHoZE g AT F TS HEHAY
A oM = AHEAEFTHALER] AEFEAN TS
F= o8 $AAATL 7]6ko] Hojok &P HxFom
FgEofop drke FE AR Ark EI AEY
Y& AN2dE sAA] E5AYY =E F=
A4l A}FH AELYA ek wRol 23 skt
A, AaA T, QLEFANFE AT AP+ HE
EABI 9lam ) A %3} d5e] Aad o A84
& A&7 At AR $EE dFoE NEd
BEHAV Z2IdX AEPEE dHAT 24 Y
FBuw/H)OE o3t el WS AAsk=
59 A7t AP AUk oFS A= Wit A4
o A, AE, 714 5 ANE AAERHE QIAES A
A AU d¥d o8 2AE8E e 4
A AHE g 8ATE T8l AT 3HF
AEEE AAE AFsztn dok? FHIoe chE
A T Ao Za, Aoz AT tir1Fe ¥
st oigk A7t AP QoY S e S
e g Z2ad NEF #4AA Y ex ¥
Fas&zo vAs FEgI B3 A7t HAHL 9
on, HZos YUVIAES AAEA B AFE
2 Adat AR g vzt d 2xige] 0E J
g AT A2 A8 FEHAE 4P BArE
25 kWellxe] A 83t dge] st B &
A A% FYsth 2 JUli7AE] st gt
AR L A3 AT olHE ArFPL FEY
PR AR AHEe] it o 2o Qo] vl a3}
U AHEERA &A1Y gl 2ol ulg- ol
B2 AYEEE B3 ARE FHIE Ro] Y
ojtt, 3, MR dAREE FHsl] AdMME B
S AUAgF dRdolE e o] aTHAIT A
Sule] HAAQ Ak A0 AA AdFEE B AE
o] dade e ol o ARt mepA, F
FH A7 oA wEE Ao, AhEe]
AfAYUESE AARLE 7337 Asire A H ol

85

I ost g2 AYES 5 3y whyd 7xd
drSol 438 "ag dAFo|rt

WA B dFdAe FHEE 95RYE FHeE
A7 1996 %= A= olF Hrje] FEolFHIL Y-
2GR 19939 olv] dxjdEl e EAEE 2 A
9] 2000 AR ANEE &3] WA Fe
AHA] R D e st ReHA &
Al w2t @AY A 4L Fetaet o
3 BEEE 2T wedel AAe 183%E AL
2 He 1% 2EE Vg, 4S5l 9
FHol oF 11% wx3H EH5d 3 MNEEIHe
2 749 dEol oF 144%2 JEIOH vl H
3 2EHT 984 55 FEle s e det §
< o2 F<(Pinus thunbergii)@ o] YEFo L} T
FE AYe abrge] Ffe des ¢ F AN
th¥ mabA, E dE FFE v sl &
7o 9ZURS dAsta Zhzh 9 RAWUE AEE
AF sl FL22]E] (Cone calorimeter)'¥E AM-8l
zZtztel AEEd dd T AT, FEEETF,
FTHFLLE, AHAFANT, CO B CO, HiEsE Tl
HE 489S FPFoEN LT Hh}F A4
548 IFsglon EZEvE AEY Fee A
A DB Ao dRe AL adE H L
Aete FdskA] &2 A5 d254E A8 9
gl Q19lF oz AHS AFEHA FA AEE 9F

IREE RASI ARSI mEA, B Aol
AN Q2B AFES A4 ALY g

AFAHL & Yeid £ Qo] AEEE FHA3r g
F Je dgHriEy 7xA8E FH3 $8dE ¢
NE Ao Alsdr)
2.4 H
2.1 Bz
B dApdde Aded AU 8949 W
& gz Y, 99, /IR 2 #39E AF sk

=

Table 1. Percentage of Moisture Content for Pinus Densiflora and Quercus Dentata

T F N Hh
9l B58(%) =27] (mm) F%() H58(%) =27) (mm) ()
B 60.19 LI HA 50 62.70 LEFA 50
g 32.07 LEHFA 50 17.93 LE A 50
7} 53.52 100(249)) 50 29.52 100¢2}) 50
o 100X 100 100X 50
S 22.81 19.94
R CIERXAR) 30 2 XA Z) 50
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Table 2. Experimental Conditions of Cone Calorimeter
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Figure 1. Mass loss of pinus densiflora.
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Figure 2. Mass loss rate of pinus densiflora.
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Table 3. Characteristic of Combustion for Pinus Densiflora

23]

dasd g | A | A |

27 %) 50 50 50 50
HzE | AMEHE) | 1.87 | 062 | 043 | 0.77
(&) Er3} 411 | 050 | 012 | 0.57
HadTHEdoe(gs) | 0023 | 0.026 | 0.027 | 0.024
HEF a8 (gs) | 0123 | 0112 | 0.126 | 0.092
H 7R 7Hs) 70 70 405 305

Z3}A] 7Hs) 9 49 350 20
A B 7 (s) 936 101 611 1,036
A A 7Hs) 927 52 261 | 1,016
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Figure 3. Total heat release of pinus densiflora.

Table 4. Characteristics of Heat Release for Pinus
Densiflora
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Figure 4. Heat release rate of pinus densiflora.
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Table 5. Concentrations of the Effluent Gases for Pinus
Densiflora
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Figure 5. CO concentration of pinus densiflora.
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Figure 7. .Mass loss of quercus dentata.
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Figure 8. Mass loss rate of quercus dentata.

Table 6. Characteristics of Combustion for Quercus Dentata
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ALrEA 94 | 2D | 7HA | =9

27 %) 50 50 50 50
Hz =g AEE) | 226 | 111 [ 102 | 211

(g) e} 50 | 111 | 0.08 0
HiE A (gs) | 0023 | 0.025 | 0.027 | 0.025
HYEJPAE(gh) | 0094 | 0.068 | 0224 | 0.125
ANZFFHLEAZE)| 15 60 325 | 115
28} A| 7H(s) 9 59 312 | 103
A 234 7Hs) 996 94 630 | 743
21 A 7Hs) 987 35 318 | 640
B2 A7k

Zo)E HYom ARl npiriRE u
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Figure 9. Total heat release of quercus dentata.

Table 7. Characteristic of Heat Release for Quercus Dentata
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A2EN =38 | A9 | R | 9
2UEIFMImY) | 572 | 241 | 2503 | 59.7
BAEESEkW/m2)| 32.14 | 1390 | 2891 | 33.17
A2 (kW/m?) | 10040 | 23.08 | 226.66 | 85.54
AL LEA7Hs) 30 130 | 330 | 120
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Figure 10. Heat release rate of quercus dentata.
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Figure 11. CO concentration of quercus dentata.
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Figure 12. CO, concentration of quercus dentata.

Table 8. Concentrations of the Effluent Gases for Quercus
Dentata

i
o A EN 93 AY | 7R | o
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e ) (ppm) 90.42 | 63.65 | 424.61| 83.43
. HulsEA|Zks) | 1250 | 225 | 450 | 850
o Bt (kg/kg) 159 | 092 | 1.89 | 131
iEZ ) (ppm) 1842.3 | 689.04 {4533.28 1797.7
° éltH—‘a’—E*]Zl-(s) 125 175 475 200

¥ 1,797.68 ppm, A 689.04 ppm FEQ Ao = 1}
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4.4 £

1) et Hzhiire) 298 3584 Ad2s
AU Yh by =7 Az 399 28 zko] 7}
2 WA ey 79 Zsizke] 7B A U
BhS & 7 AU 3 SANLS ke B
W BEF 9 399 SERRIAte] AR A
S & o AT FFFHLFEe Tl =
= AL w7 27190 FFELTE F438] APHAY
o oje 487t TG F7]d BE xFo] ¥
of A% FHHE Bt AR} BANY) =&E 3
7t AlFE7] A3 stgo] FEE FAAE SR 9
g FFHEEIE A AEsh] WEA Aoz AR
o} E3L auel Hrhiro) Repd F5EdRATES
HAUFRT &7 FF5FgLe] A vErd S
& T JReH B AR ARYFE FIHA e
WES EFRAI] AA vebdE & 5 AU

2) BIF S0 i FopY A=A FELET
ol 7F¢ A YEhd B 2T dHo2AM A
R 2768 A= B4 depgon, Hzhir oA

ge] FauE o] AR 2379 A% A4 g
ok weba ARl gZhuE BF Agud b
9] F@EFo] A JUeiton, Azg A8 7
T HAE Z3prt w2 S {A A 7] ZA Jebd
o2 duEPo] B2 Aoz et %3, g4
Hzs 899949 92U et IG5 A5t 7t
A& A oix] oM = I HEFHo] =4 |
B & U

3) CO ¥ CO,uiEFxol W3 Axze By
7E9 Co Fdlexrt 71 A4 velgen A
o] 7IET 3.168) = #A YeEFoH Co, AdlE
= B3 gz sR7F AR R 1828 AR =
A e ¢ & ATk

Ho
e

=l

L. o] 3%, A&, dXE, “Polyurethane foame] 3]
7¥= A B3 A, A 28] = A,
Vol.15, No.1, pp.61-67(1999).

2. AFA, T, Y E, “GIS E WEEX) 23 A
HHERA G o] AURQE HS = 237, 2483
=84, Vol91, No.3, pp.355-361(2002).

3. oJAl, “o] =] AEHA A AH], YA sk
AE7", Vol.6, No.4, pp.25-33(2004).

4. o F, AFA, AYF, oA, “GIS &g %
2000 4HELME L] RIS B4, Sl Ehs] =1
#], Vol.90, No.6, pp.781-787(2001).

5. A8, oA, dEA, AE, 5 E, 2SS, “FF
F e B AN E 22 oy s, §5
Y5t3] =FA], Vol.87, No.4, pp.52-54(1998).

6. oA g, “@AAA7} R 25 B HePdro v
A I, TFUNE HAFER=E(1990).

7. ARF, ARAF, WRIE, ASA, w29 rHdex
o ti st 7} AvhREeF Y8 SR AF ) A=)
9] Pa2 ¥, S5AEElE] =74, Vol.18, No.
3, pp.333-340(1995).

8. HEH, LA, A, AFY,« 2GHEA o)A
9] st EA}t F o5 PR B3 AP,
S=abA) 2 8ls] =84, Vol.13, No.l, pp.31-33
(1999).

9. AFH, o R, FYE, NG, “AREH F3A 4
4L T LSNP 24, diAlelE EAske
¥ ], pp.379-384(2006).

10. 9F, -84, A%, A58, “BAEE o) 43 &
vHRob ST 9 9] A4S B4, sl A
ks =8X], Vol.21, No.3, pp.41-46(2007).

11. KSF 2271 : ZAZES) WAAE © 729 ddA A
A (1998).

12. LFE, T3l NFAE = M=) o) 2]y 5)E,

J. of Korean Institute of Fire Sci. & Eng., Vol. 22, No. 1, 2008



92

13.

14.

e -

A7E, ¢33 71897, Vol.10, No.2, pp.22-
23(2001).

UFE, AFE, oMY, AT, 285« e
£o] o5 g o &8 s 247, S
A&7 53], ShadR 3], pp.6-7(2002).

ISO 5660-1, “Reaction to Fire Part 1, Rate of Heat
Release from building products(Cone Calorimeter),
Generer(1993).

FFFfAY Y] =R A28 FA1FE, 20084

oA - olei

15. 8%, o134, 843, 9L, ‘ol 84 vigt
npA o] AitA BAH 7] ek AY A7, @
FEA 23] =4, Vollé, No.l, pp.20-21
(2002).

16. o2, AHE, LR VEE 0|43 ey &
Ao} S5, BF3A L8] =84, Vol.17,
No.1, pp.76-83(2003).



