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Prediction of Heat-treatment Time of Black Pine Log Damaged
by Pine Wilt Disease’'
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27} 136 h, 225 h, 328 hol 1, 271380l 100% w, 5ol oot 22} 162 h, 26.5 b, 382 holglck. ofeig
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ABSTRACT

The black pine logs damaged by pine wilt disease in Jeju-do were heat-treated to extend the utilization of domestic
trees damaged by pine wilt disease. The heat-treatment of wood requires wood to be heated to 56°C for 30 min at the
core. The average moisture content and top-diameter of the black pine logs were ranged from 46% to 141% and from
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180 mm to 500 mm, respectively. And the basic specific gravity and oven-dry specific gravity of the black pine logs
were 0.47 and 0.52, respectively. The time required for heat-treatment at 105C temperature was ranged from 7.7 h
to 44.2 h, depending on moisture content and top-diameter. The temperature distribution was used to predict the time
required for heat-treatment of black pine log with various moisture contents and top-diameters using finite difference
method. The thermal properties of wood including the thermal conductivity and specific heat in accordance with mois-
ture content were calculated. Heat transfer coefficient for mixed convection in form of adding natural convection and
forced convection was used for heat transfer analysis. The error between the measured and predicted values ranged
from 3% to 45%. The predicted times required for heat-treatment of black pine log with 50% moisture content and
200 mm, 300 mm, and 400 mm top-diameter were 10.9 h, 18.3 h, and 27.0 h, respectively. If the initial moisture
content of black pine log is 75%, heat treatment times of 13.6 h, 22.5 h, and 32.8 h were predicted in accordance
with top-diameter. And if the initial moisture content of black pine log is 100%, heat treatment times of 16.2 h, 26.5
h, and 38.2 h were predicted in accordance with top-diameter. When the physical properties of logs damaged by pine
wilt disease are presented, these results can be applicable to the heat-treatment of red pine and Korean pine logs as
well.

Keywords : heat-treatment, pine wilt disease, heat transfer, finite difference method, black pine

.M 2 A BRE] UhetelA] b o] Sharg)
B ZaA717] glstel A el A AR

AU A Z(pinewood nematode; Bursaphelenchus = =AY E RAHor A QtHDwinell,
L=

xylophilus)2 AUFAAAEH (pine wilt disease)2] 1997). A& 79 7]&(International Standard for
BRI Q10] © & A (Mamiya, 1972) H&, AAE, % Phytosanitary Measures No. 15; ISPM-15)o] AJA]%
A & Fotol(Mamiya, 1976) Hujx|ejo =i “FAl FelollA EA ZAA Y] pAlel R A7
Lol dE S olxjo} ZUtE 8- %] QI th(Tares (“Guideline for Regulating Wood Packing Material
=, 1992). 2UREAAEZo R Q5le] HEujxdog in International Trade”)o] 2002 o] =A| Al&W<
HE $A Qo290 AR 2428 ABtE o) & (International Plant Protection Convection; IPPC)
(Tomminen} Lahtinen, 1990), AUEA|AAEL T2 oA %2l=]Ath(Food and Agriculture Organization,
E4S Eole] o2 SYE I (Mota 5, 1999), 2009). ISPM-15= E7]& 0|83t ¥ 2](heat-treat-
S39o] AUYRHE 9Hst= =8 Yoloz iy ment using a conventional steam), -F-A7}ES o|&
I QJth(Mota®} Vieira, 2008). -uzte] L, 3l &4 2](heat-treatment using dielectric heating), 2
1988¢ EAboA] AR AAZH o] % Hiajo] 3 Esti|g E3*]2](methyl bromide fumigation) 52]
A ol A, WE WAL K 58 FH0R £ AU EGSD slon, ok 1738l BlelA
2 g5 AooA ghtEglon, Zefol Mg, A7, o] 7|&& &Fskal 9l
TH 5o FF A AT A 97 L7t o] & @7IE ol&3t °“‘74ﬂ—4 71 B A

= 2L Qo= AR akEhe, 2012). 2014 5ER Fol 227} 56O =S AEolAl 308E F4
B 2015d 4$J77]-X] L upgol| A A3 AUFERA 3= Ao]thFood and Agriculture Organization, 2009).

ot

%9 WIS 1L736667H0190T, IF A AR ABL Fau (0] 245 Ax &
oAl 54400080] WAL W ol AUE  RAY B 20073 Aol 5 2008)7H
AAEY Tenago] wATe uet HelaAge]  ZFrbeith Eat EEALE adEAaEY w65
AeAE BEAYAA 24 BE WHOR A o FUELEE 5 2009, BAE ARG 5

& waiol A7=m ek 2012 2UpRAe] FEsk 2 Holsh glrka W
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Table 1. Physical properties of black pine wood damaged by pine wilt disease

Species Average top-diameter Initial moisture content .Basic . O.ven-dry‘
(mm) specific gravity specific gravity
214 (27.1 SD) 87.1 (36.4 SD) 0.49 (0.03 SD) 0.54 (0.03 SD)
Black pine 311 (30.5 SD) 64.4 (22.3 SD) 0.42 (0.04 SD) 0.46 (0.04 SD)
410 (45.4 SD) 76.4 (23.6 SD) 0.47 (0.04 SD) 0.52 (0.05 SD)
52 2. A2 W uh

Az ) Qugs B BE skl gt
ZEH O] o] 7535lch(Hollman, 1989; Incropera
9} Dewitt, 2002). A9 Ax F Wi € ¢ =4
Aol 121 34 (Avramidis 5, 1992; Sutherland 5,
1992)x} 2;1}94 3 Al(Perré 5, 1993; Ranta-Maunus,
1994; o9} A, 1994)0f GatxpERo] o] 8= e},
Ao A& AR dn F4g, 2EE ek 2
W em Sof e wHothEusTely,
201, ofol ek SA1S) Sl e ol viets)

QUEASE 2] it Ao} o9 AR 4
EgEloi%}f}(Glassi} Zelinka, 2010; Deliiski, 2011;
Radmannovi¢ 5, 2014). 4] Y5 o] dAZe B
o] g7 AJdo wet AAEE= Aol Hlo}"q HA 2]
7] erlep BA ApololA WAsl: diRE L,
WA, 374E 5o R vtk 427 W @)
of QHY BAIY) if QULE Bk B
b ARE Aol R AHDARE KB 9
St AH(Chen 5, 1989; Awbi®} Hatton, 2000)7} =34
Hlon, ol5 Foto] &3 diFAs7 A=Ak

2 dFe IS 2RSS Se ik o]
SIS St AlFE A oA AuFAAAEE

velg e 5& ?454 %L’F?%i]r A5l Eﬂr%

7<lg Hl 17]7‘%‘#%% 7]

2 1. ALFERHAIEH
S x|

2.1.1. ZAMZE L EX2| EHX|

FALFE AFE AN AUFANFY T3
£ Y F&(Pinus thunbergii Parl.)o|1l, W1X|S
178 mm ~ 500 mm?l 22E 2] n]3)j&E-2 Zo] 3.2 m
2 ARt (2] 300 mm x XS 10 mm;
Haglof, Sweden) o] §3}o] =48 gmo| 273
GEO 6% ~ 141%2] WOl 7l Eu|FT WA
vjZ2o 7+zF 047 (0.06 SD), 0.52 (0.07 SD)o]| it}
Table 19 ZzFZF 200 mm, 300 mm, 400 mme] &t
Fog B4 UBE FUSL, 27WER,
71828F, AdnlEs AT

AURAAEY TajRe] dAE Rt
@ ol gl A Sy A

HAIFE AAZA g5 ol AxE 4

BACIFA FA) GAE, THE ol8sHch
A7 A= 20 ft A o]Y(Ze] 5,899 mm x Z
2,348 mm x %90| 2,390 mm = 33.1 m)S &-g5}o]
A= AHFig. 1. dEold o] EU4E ALzt
Mz Aol WA ARolEE A3l
o AgEglen, ARE d8= ol&ste e
S UMUSHG 10; 5318, ) Fefo] 7had &
A% Qo olgsidrh 7d AR Arlel
242 shee] 91XI5ka glow, 9.5 gune] 913
3 710 o8] A7Ivk wFkEe Aol

A28 Ax|9] 2= Ao} HHAl(on-off control)S
Q35le] B o] Lx==AA /\ﬂ(k-type)% 4715 %)
shelth. 18] SEEPAAE AAe FAe Yr
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2.1.2. 3& &59 Xz
2 0me] 2URAEY B9
of tjste] 105Co 2ACE
A 139 102 ~ 12:29]
< 23] IAHE s L=9
TIH(wood grabye A2RE Z27|E o]
Aol 3 YE WA At
A 3 5 G FA ol A mE
ABe| 2EF 2ok stel Bad(enpeF F
AlEof ARQIslaL, RFma3IAkA|(data logger, CR-3000;
Campbell, USA)—E~ o] gste] SE 7tHo g =433

q. ZAE T Qo] FAH 9wl 5600 =g
B % 0we RS ARHE ALE WA
AQA7ro R ARSI, O S =A%)

Aol Az 2847 &
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Ayl

i

o

m

Fig. 2. Sketch illustrating nomenclature used in
two-dimensional analysis: (a) interior
node, (b) convective boundary node, (c) exterior cor-
ner node with convective boundary.

numerical

where, o = thermal diffusivity = & / pc, (m%/s); k = ther-
mal conductivity (W/m - K); o = density (kg/m’);
= specific heat (J/kg * K);

(K); ¢ = time (s); x and y = distance in the direc-

s T = temperature

tion of flow (m).

AL (2] Azt =Rk TiE FRAE A o
23} Zo] ®AY 4 9l

or| L' =T,

ot |, Y )

where, m = increment in the x-direction; » = increment

in the y-direction; p = time increment.

A @ A (el HashE WEAHm, mel A
FRARE WP Al e] WA 2 (explicit) e TR
2.
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LTt =T Tpa, + 10, =21, Lt T =21
a M (Ax)z (Ay) 3)

A (3)S MBS AZ pHiolA o] BHemd st
of EiL, Ax = Ayetil 7pgshd et 2k

T2 = Fo(T,, + T, + T2, + T, ) +(1-4Fo)T7, - (4)

where, Fo = Fourier number = 2 * At / (Ax)™

A @ ouA B grEy 2909 it
Aol A gstel H=g 4 9k DouiA A4
wisks wefshel ofuix WPl dutael o

where, Em= input flow rate; Eg: generated flow rate;

E,= storage flow rate.

Fig. 2(0)2] 2748 Al28lolA] o3t % Ae wad
Hm, iy DfstE, QEa fA
P N
A A ()RRE oheel AL 9 4 gk

»

2hA(T, 12, )+ A om0, aTr T 4T
)+ :
Tr TP
_pc AAx m.n M i iiieeetetatttttetattarasatataaaaatannn (6)
At

where, /1 = convective heat transfer coefficient (W/m’K);
A = area (m).
A (62 Azt

p + 104 o] 2o tiste] AJz|shd,

TP 2hAt (T _Tr )

e
alt
(2T + T + T — AT )+ T, 7

Al (MO hAt ] pe,Ax = (hAx k) + (@At ] (Ax))
= BiFool2&, A (8)7} o] Hed 4= ik

T = Fo(ZT’” +T?  +T7

m,n m-1,n m,n+l m,n-1

+2BiTw)+
(1_41:0_23,'}70) TP, woeeesessseensisiii ®)

where, Bi = Biot number = ¢ Ax / k.

19 U7 RS = Fig. 2(c)° AAE 7
£ A= o5 ZAE-Hm, e =3 2ol #d
et

T2 =2Fo(T},,+TY, ,+2BiT,)+(1-4Fo—4BiFo)T},

|3k 22k G A Hot
AFAIEE W82 Incropera®} Dewitt (2002)0] 2]5f| A

A= .

rlo

AR o] &3t AY M-S fIske] Fab
9 2291 Fourier —r(Fo) Biot $>(Bi)2] AAo] T
K[t} WA Foe A3l (@)oll 93 wH7] uf
woll, 559 B, Blg, dd=A5o Fo7t 2a

gl W H9 WX (on)= Glass} Zelinka
2010)°] &Ja AAIE A (10)2 o]-gste] AAsI3Ich

Puc = Gm (1 +0~01MC),0W .................................... (10)

where, oye = density of wood at a certain MC (kg/m?);
Guye = specific gravity at a certain MC; o0, =
density of water (kg/m’); MC = moisture content
(%).

ARESY o]dolA 2met Fgo Wl uf
2 B7o] u|gL Deliiski (2011)0]] oJaf AAIE 4]
(11y& ol-gsto] AAstact.

. - 2826~MC+55500+5.49~MC+295_T]+T0 N
’ MC +100 MC +100 2

036 T,-T,

2P T TR0
MC+100 2 an

where, T, = initial point temperature (K); 7; = end point

temperature (K).
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AHEAS(k)= MacLean (1941)0] & AAE
A (12)8F 4] (13)& o]g3to] AAstqich A (12)2

A)
A (13)= Z7F T4g 40% o|5ket olAtoA A&
kol

k= (1580] -(0.2001+0.004030MC) +0.02376 ==+ (12)

k= (1580] -(0.2001+0.005472MC) +0.02376 -+ (13)

where, oy = oven-dry density (kg/m).

2.2.3, x| x| LHo FX EN

Bi= QA=ARH® A HFAF S FFE
k7] w2, he] Ao7F Fa st} Neiswanger &

(1987)& AT RS AathRg mRehs ExtR
o W DADARRIE 4 (1419} 2ol ANtk

ho= (B} +h; )ﬁ

where, /h. = heat transfer coefficient for mixed con-
vection (W/m’K); A, = heat transfer coefficient
for natural convection (W/m’K); /. = heat trans-

fer coefficient for forced convection (W/m’K).

Awbig} Hatton (20002 3HE7]0] 9]x]of w2

EddRel B FALARR, WnK)E AMES)
gek. 2 Adgol o848 dA = Ak 2ol $F

7F 74vE o) Rifs ARl AR Aol A9
AA HFAF e 2t A HFAT D= A (15)9F
4 (16)3 2ot

0704

h

0.133
cn DO.hﬂl (AT)

where, AT = surface to air temperature difference (K);
D = hydraulic diameter of the heated surface
(m); 0.704 = constant.

hq/ =1 .35(W)0'074 U0.772

where, W = width of fan nozzle opening (m); U = velocity

at fan nozzle openings (m/s); 1.35 = constant.

4 (15)2k 4 (16)2] 2he

diAleE A= = ok

A (14)°] ejejabel 3t

il
upr
s

=

=

5o dAE L8417 49

Table 2. Measured time required for heat-treatment
of black pine log with various moisture content and
diameter

Top-diamter Initial Initial moisture Time required
(mm) tempoerature content for heat-
() (%) treatment (h)
180 13.6 140.6 11.8
195 14.1 83.2 10.9
200 14.0 56.7 9.4
220 16.6 119.4 15.1
245 14.2 46.3 7.7
245 154 76.5 16.9
265 9.4 73.8 17.9
280 4.7 443 13.5
300 16.9 88.9 154
300 4.1 96.6 35.0
320 49 342 19.6
320 2.7 455 233
350 32 59.0 234
350 3.6 72.5 25.0
365 37 61.4 29.8
370 32 111.8 38.0
375 2.5 91.9 354
400 12.8 54.3 19.4
400 3.6 86.4 39.8
430 4.4 94.1 41.1
440 42 69.8 40.8
500 14.3 414 442
3. #u & nF
3.1. ALUENMSY OshE 22 55 &
=9| g8 A XIEo mE EXe
ALA|ZH
Table 20 AUFRAAEY T3S e B& U
o] 27|12k, 27E, AR WE EAE
2 QA AAE dAe] e A7k 54 9
5o FAF L7} 56T LY F 308 47
SRzt el Alglolth 2718E: A50) F43
oA HAHE skl SHE o= 1A EAE
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Table 3. Simple regression analysis on top-diameter and heat-treatment time

Dependent variable Independent variable R-squared  Adjusted R-squared Constant t-statistic P-value

Time required for Y-intercept 0768 0756 -15.856 -3.080 5.90 x 107
heat-treatment Top-diameter (X)) 0.126 8.132 9.04 x 107

= 20159 129, 22} FAE]= 20169 1¥of =3 80

o] oF 109 Aoz} &gttt 27|FrE2 A% e

22 olgslel MW BHel folA WA 9

Frgol Pagolth B4 ABe] FARI s60E  E

3082 fABHE BoF AaEE A7 27F5e g

3} WA el net w S AoleiA ZgE . w2 i

A5 dA2 2972 Hi 214 mm (180 mm zigm

~ 245 mm)o|A] & 7.7 h, Ht} 16.9 h, B 311 0 I ‘ —

mm (265 mm ~ 350 mm)o|A A 13.5 h, ZTj 0 10 20 30 40 50

35.0 h, B 410 mm (365 mm ~ 500 mm)olA] 2] Time ®

2 194 h, 9} 522 h2 =H= )

D22 195 mm (83.2% MC), 247 mm (76.5%
MC), 350 mm (72.5% MC), 440 mm (69.8% MC)<
7t 410 Aol thsto] A2l Agte] whE
FAHFRY 2E=WHILE Fig. 30 A Az
Ao WREE A F IARE Fof HiE2EQ
105To =gstgon, 2Hs Aol Walof| wet +
5C Wel =45 fAsHT adge A5 &
HAEoA WS om o]Fo|27] ujite], dA27t
AZRE 0] %, FAlHe] 2wt A5 tizhA] AQE
£ Alzte] WA Bl whet zfol7h qlgint 12k EA
2ol A =3E YFAF 195 mme} 245 mme] &&
AL 747F 2.0 het 2.5 h o], 22} DA Eof|A] 4=
3 HLZE 350 mme} 440 mmo) 45

a4
o=

14
o=

Z¥7f 5.0 het 6.0 h o]Fof &7} 53] Al&kst
ek 27t Ase AR o]F 56T =2

AQ) Bt AHE HEE FE AR WA S
2} zkz} 5.40°C/h (195 mm), 3.16T/h (245 mm),
2.497C/h (350 mm), 1.49C/h (440 mm)S.2 LLX]
Bol F7hol uteh AZY LmEAgol gadty

a2

=
WA B A2 Azt sto] T ARA S
23519 Table 37} 2 Anke Pith RS

Fig. 3. Temperature changes of the pith in black
pine log with top-diameters of 195 mm, 245 mm,
350 mm, and 440 mm.

= 0.126 x X; - 15.8560]11, ZAA4(R-squared)
= 07682 Aol wE Fmgo] A A
& 76.8% /PO oAE rhestthal & 4 Sl
o} P-ZH(P-value)2 9.04 x 10802 0.055T} 27
2ol F| AR Hgtsirtal Hd 4= qlok It
A5, 2718&1 A9 Azl dig o5&
A0 AIHE Table 40 AASFAT. S ARG Y =
0.138 x X; + 0.136 x X, - 29.8160|1, AAAG=
0.8500= AT FA ] A)XHY] AR H
sto] wobzl AL 1T 4= Stk WFAEY -3t
£ 286 x 10°22 27]§<=89] P-3rel 432 x 107
of ulste] 2b7] wjFofl, AT LQAIXHE 277
&o| Hlsto] IAAFY Fo] o & A& T

% k.

Y

32. 2311 XL SN2 S5 oIS E
Y=ol Axa| ARAIZ

a1
[=]

M

WAL Aol do] 2o Tt 3
AZto] Skl whet A& o2 HF (A TH)

g

~ 376 —



=13
=

AR A

H

3

i
flo

o
o

wo dxe £aAZ oS

Table 4. Multiple regression analysis on top-diameter, initial moisture content, and heat-treatment time

Dependent variable Independent variable R-squared Adjusted R-squared  Constant t-statistic P-value
Y-intercept -29.816 -4.932 9.25 x 107
Time required for Top-diameter (X)) 0.850 0.835 0.138 10384  2.86 x 10°
heat-treatment
Initial moisture content (X3) 0.136 3.239 432 x 107

of ZF7IAoF gtk ey AAIA Whel sl 2
48 geARe ds Bedom wAY 4 gl
ANE54e Hebd 4= QlaL, E<H(unstable)dt X
of &Jafl a7t HAl B dE 2o RE WAsHA
k. olejet 25E ATE WAe] 98] Ar 3ol
ofd gt o]stz FA|Eofof sh=H], o] A= Ax
o} Alxgle] e v 2l FeEc). ofeiet
EAS A 7] F(stability criterion)o] 2} Tt
224 FAGA HA TerE WRE R A
14, SRS A o] AHelA] Fo2 + B
, WFE Fe o 2ol ARlA Fo(l +
Bi) < 1/40]tk(Incropera®} Dewitt, 2002). 22E.9]
& Y& digh A 2847 dI&S gt 221

o
<

3

IA
—_
~
N

=
AL A Fo, Fo2 + Bi), Fo(1 + Bi)2] Ztjzre
ZF7F 0211, 0.455, 0.2445 2o AAJE oFyA wth

4 (10), (11), (12), (13)°] w=} 2HH =rEol
whE EA o] Ui, v, A=At 4 (14)9] wh

o AR RASRE o4t 2349 AW FAlo
2 o2 F& 9% A8} Fogo] B A
2

2Q A7 Table 59| AJA|5}ITE Table 40 A
AlE SR dEgke] A erronE 3.0%  ~
44.8%9] H$I2 Bt 17.7%01%0ck SH o=
e et Ak Yol dAE A W H&
A= §JR]o TE tfFAG2 2o, =ellA 421] 7t
A1) g Afo], Ao w2 RUF] T
s, B W FEE A=Y Aol Fol ook A
NFA eyt AL 2 HE Q] Ao whe} 2jo]7}
Q7] wEof(Awbi, 1998), A2 A= 2| 9o
utet zto| 7k Q)& Ao & wotE k. Bo] dHEA
S 25, Uk, IE, FEEYY, 59

oo} e Fxx A wa} Fof o3 g2 W

Table 5. Predicted time for heat-treatment of black
pine log with various moisture content and diameter

Top- Initial Initial ~ Predicted time
diameter temperature  moisture for heat- E?'/(z;*
(mm) (C) content (%) treatment (h)
180 13.6 140.6 15.8 339
195 14.1 83.2 13.2 21.1
200 14.0 56.7 10.9 16.0
220 16.6 119.4 18.4 21.9
245 14.2 46.3 12.7 64.9
245 15.4 76.5 16.4 3.0
265 9.4 73.8 19.1 6.7
280 4.7 443 16.9 25.2
300 16.9 88.9 223 448
300 4.1 96.6 27.7 20.9
320 4.9 34.2 19.0 3.1
320 2.7 45.5 20.8 10.7
350 32 59.0 26.4 12.8
350 3.6 72.5 28.5 14.0
365 3.7 61.4 28.3 5.0
370 32 111.8 40.2 5.8
375 2.5 91.9 36.8 4.0
400 12.8 543 27.0 39.2
400 3.6 86.4 38.2 4.0
430 4.4 94.1 43.7 6.3
440 42 69.8 38.7 5.1
500 14.3 41.4 34.9 21.0

* | (measured value - predicted value) / measured value | x 100
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Table 6. Predicted time for heat-treatment at 105C temperature of black pine, Korea red pine, Korean pine log

with various oven-dry density

Initial temperature Top-diameter Initial moisture

Predicted time for heat-treatment (h)

00 = 490 kg/m’

00 = 440 kg/m® 0, = 430 kg/m’

(C) (mm) content (%)
(Black pine) (Korea red pine) (Korean pine)
50 10.9 10.2 10.1
200 75 13.6 12.7 12.5
100 16.2 15.0 14.8
50 18.3 17.3 17.1
10 300 75 22.5 212 20.8
100 26.5 24.8 24.4
50 27.0 25.9 25.5
400 75 32.8 31.1 30.6
100 382 36.1 35.5
33, 2xfol YU olof 2 F=o| A 4.7 =

g2
AQA|ZH HSt

37FA] WA E(200 mm, 300 mm, 400 mm)Z} 3
7HA] g 270(50%, 75%, 100%)0 4 A o]
Hsto] wet 5o FHF 2&7F 56T =Yt
T 3022 FASks Hl 22l AZES Table 60 Al
Alstgich. AAYEE 490 kg/m®, 440 kg/m’, 430
kg/m’e] 371x] 2A& AMEEIYET, ol 747 &
WA Helsmd 5, v, shurel =9
of AAIE grolth=dAatdashed, 2012). AubAf
A FeiEd 5&, v, s f5e] 9

2] 28 AR IFAE el et 101 h ~

=

AT F745] W), HAUEo] Hes
= X 287 Fgadith. oo uhet afrel
Ao AxE £QAZHe Bl Hste] 2L g
o ofzH g

HE ot AXe A T P, U
o) =71 Sl uet Zolzk YAAIH, Table 69
ANE ol g AUTANEY WAL B,
AU, SR A5 dAe) Akt o3l
M5 Aoz W,

® AP T 2uRgEFY wshEo)
F2hE 9Itol AFE AHolA] 2R
1o B4 A% Axee swsty, o

B A L7 6T EIT F 308 §4
7

Xt st en, gadt g2

N

1. 180 mm ~ 500 mm H{Q YIRS, 46% ~
141% W9le] 27|Pese e nRe| &
U Ao 28%= AR 7.7h ~ 442 h
of WelZ AB Bagol wet njs vrorsl
A SAEReH, AE, 271 94
2 Azt et I AHEAE S “EA T
AlZHh) = 0.138 x WFX]E(mm) + 0.136 x =
718FrE(%) - 29.81679] J|AEFS Ach

2. @AY AP F AE i 2E=ExZE A
AlgkaL, G2 28 A7 55k P18k &
RS A8 22k EHE SidE Y
shick. GAE 2 A7ke]l S o] &H 22
29 55 d=Ee) ug ST 23 @A
SfAe 3t &gl 23k= 3% ~ 45%9] {9
St

3. 2URAAEY TaaEel B, A, st
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