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ABSTRACT

Fumigation treatment is mainly used on dead trees affected by the oak wilt disease to prevent the spread of damage.
To verify the possibility of intensive use of the damaged Mongolian Oak wood treated by the fumigation treatment,
we performed the compression and bending performance evaluation of the fumigation treated wood. The fumigation
was done with Nemasect (Metam-sodium) for about 9 months. The dry longitudinal compressive strength of the fumigation
treated oak wilt-diseased wood at the ambient temperature and humidity, and the compressive modulus of elasticity
were measured to be 58.87MPa, and 5.66GPa, which were similar to the non-treated wood. The strength performance
of mature wood of fumigation treated wood was 16% higher than that of juvenile wood. The compression fracture
of the non-treated oak wood showed various shapes, however, most of the fumigation treated wood showed shear-type
fracture shape. The bending strength of the fumigate treated wood was measured to be 157.43MPa, which was 8%
higher than that of the non-treated wood, and the bending modulus of elasticity was measured to be 16.38GPa, which
was 16% lower than that of the non-treated wood. However, it was confirmed that the coefficient of variation for
the bending strength performance value of the fumigation treated wood was lower than that of the non-treated wood.
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1. INTRODUCTION

Oak woods are Korea's representative hardwood
species, and are divided into Galcham oak, Chinese
cork oak, Daimyo oak, Sawtooth oak, Mongolian oak,
and Jolcham oak (Q. aliena, Q. variabilis, Q. dentata,
Q. acutissima, Q. mongolica, Q. serrata). Among the
various oak woods, Mongolian oak has a high specific
gravity (0.78), is stronger than other hardwoods in
terms of strength performance, and has excellent

weather resistance, paintability, and adhesion (Bae,

2012; Jeong and Park, 2007). And from the past to
the present, it has been used in a variety of ways as
wood, such as furniture, architecture, utensils, charcoal,
mushroom cultivation, pulp, and veneer. Oak trees ac-
count for 24.2% of the national forests, with the high-
est share, and it is higher than pine trees (The national
atlas of Korea, 2016). The damage caused by oak wilt
disease to oak trees, which have the largest vegetation
area, is decreasing every year, however, the cumu-
lative number of damaged trees is increasing due to

continuous damage. Fig. 1 shows the current status of
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Fig. 1. Occurrence and prevention status of oak wilt-disease by year (KSF, 2019).

outbreak and control of oak wilt disease, taken from
the Statistical Yearbook of Forestry (2019). The oak
wilt disease is caused by the symbiotic action between
the pathogen (Raffaelea quercus-mongolicae) medi-
ated by the vector insect Platypus koryoensis. The first
case was confirmed in August 2004 from Gwangju
City and Seongnam City, Gyeonggi Province, and is
currently being confirmed in 80 cities, counties, and
districts nationwide. Oak wilt disease causes rapid
death due to the impediment of the water supply in
trees (Kim et al., 2009). The damaged woods can be
identified by many holes for vector insects in the trunk
and thick branches less than 2m above the ground, and
wood excrement piled up in the branch with intrusion
holes. General methods to prevent the spread of dam-
age by oak wilt disease include chemical (precipitation
treatment, insecticide injection to the wood), bio-
logical (use of natural enemy), and forestry control
(thinning). In order to prevent the spread of damage
to dead trees caused by oak wilt disease, fumigation
treatment after logging, incineration treatment, or in-
secticide is used to remove vector insects by spraying
directly on the wood (Kim et al., 2016). Among them,
fumigation treatment after logging is the most used
(Suh et al., 2010). The fumigation treatment after log-
ging method is a method of cutting a wood infected
with oak wilt disease into 1m length wood, which are
fumigated with Metam-sodium, sealed in plastic bags,
and left for a certain period of time. Metam-sodium
is one of the most preferred insecticides because it is

effective against vector insects and pathogens, and

methyl isocyanate (MIC), which is harmful to the hu-
man body, is detected below the standard after the first
day or is not detected at all, so it is widely used from
the past to the present (Jeong et al., 2015).
Currently, there are no examples for the use of fu-
migation treated wood except for the method of crush-
ing and incineration of treated wood after fumigation
to make biofuel. Also, with the increase of fumigation
treatment of the continuously occurring dead trees, the
cumulative amount of fumigation treated wood in the
mountain is expected to increase. Accordingly, it is
necessary to study how to use the fumigation treated
wood as a high value-added wood, and the feasibility
of using it as a building material was reviewed since
the 24 months period of the pine wood nematode dis-
eased pine fumigation does not significantly affect the
bending performance (Yun et al., 2012). Therefore, in
this study, the strength performance of the fumigation
treated oak wood damaged by oak wilt disease was
studied to verify the possibility of its strength use as

a building material and establish a basic dataset.

2. MATERIALS and METHODS

2.1. Materials

The target species of oak wilt fumigation-treated
wood is Quercus mongolica Fisch. Ex Ledeb, which
mainly grows in Asia such as in China and Japan, as
well as in Korea, and Fumigation-treated wood (FTW)

was fumigated with Nemasect (Metam-sodium) for
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Fig. 2. Photograph of fumigation treated wood
of Quercus mongolica Fisch. Ex Ledeb.

approximately 9 months at Forest Environment Re-
search Institute. FTW was used by selecting 5 logs
from the chest diameter (1.2m). The average length
of the wood from the woods of which age of between
10 and 20 years was 98.75cm and the average diameter
was 16.50cm, and the latewood rate was 81.4%. The
average specific gravity of FTW was 0.74 (Fig. 2).

To compare with FTW, Non-treated wood (NTW)
was prepared from the Mongolian oak woods selected
and harvested from the Northern National Forest Man-

agement Office (Chuncheon-si, Gangwon-do), which

(Cross section)

were not infected with oak wilt disease. NTW was at
least 40 years old or older, with an average length of
100.00cm and an average diameter of 29.60cm. The
average latewood proportion of FTW specimens was
78.6%, and the average specific gravity was 0.80. The
strength performance test sample was prepared from
the diameter of breast height (1.2m), as it was done
with FTW.

2.2. Experiment method

2.2.1. The preparation of strength
performance test samples

Bending strength and compressive strength test
samples were prepared for strength performance tests
of Korean standards. The strength performance of logs
is different for the juvenile and mature woods, and
the boundary of the annual rings is reported to be
about 5 to 20 annual rings in the case of conifers
(Green et al., 1999). For the compressive strength test
samples, the raw wood was divided into juvenile wood
and mature wood as shown in Fig. 3. The size of the
test sample was 20mm (T) x 20mm (R) x 30mm (L),
and 10 test samples were prepared for each part in
the longitudinal direction so that the same ring was
included in consideration of the number of repetitions

(Fig. 3). The bending strength test samples were 20mm

(Tangential section)

Fig. 3. Schematic diagram and photograph by preparation of specimen

(J: Juvenile wood, M: Mature wood).
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(T) x 20mm (R) x 300mm (L), and considering the
diameter, 7 bending strength test samples of FTW, and
40 bending strength test samples of NTW were
prepared.

The prepared test sample was stored for at least one
week in a constant temperature and humidity room
with a temperature of 25°C and a relative humidity
of 65% before the test.

2.2.2. The evaluation of compression
performance test

The moisture content was measured by the ‘Method
of measuring the moisture content of wood’ (KS F
2199:2016). A 20mm x 20mm x 30mm test sample
was prepared, weighed, and dried in a constant tem-
perature dryer at 103+2°C until the constant weight
was reached, and the weight was measured, and the
average moisture content was measured using the
oven-drying method. In order to compare the strength
performance according to the annual ring direction, a
compressive strength test sample was prepared based
on the ‘Compression Test Method of Wood’ (KS F
2206:2014) focusing on juvenile woods. The com-
pressive strength test sample was tested at a load
speed of 0.5 mm/min using a universal strength tester
(Instron, UK/5585), and then the longitudinal com-
pressive strength (0,) and the longitudinal com-
pressive modulus of elasticity (Z,) were calculated us-
ing equations (1) and (2). The modulus of elasticity
was calculated using the amount of deformation within

the proportional limit (Fig. 4).

oc=P/A (D

o¢: longitudinal compressive strength (MPa)
P: maximum load
A: Cross-sectional area
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Fig. 4. Load-deformation curve of Control.

Note : AP=P,y — Pyg, Py, Pio: 10%, 40% of Py
AL = Lyg = Ly, Lgg, L10: 10% 40% of
deformation atPyq, Py

E¢:longitudinal compressive modulus of elasticity (GPa)

AP: Difference of load between upper limit and lower limit
in proportional area(kN)

Al: Transformation corresponding to Ap (mm)

I: The length of the test sample (mm)

A: Cross — sectional area (mm?)

2.2.3. The evaluation of bending performance
test

The bending strength of the FTW was measured
with a universal strength tester (Instron, UK/5585)
based on the bending strength test method of wood
(KS F 2208:2014). The distance between the points
was 280 mm, which is 14h of the height of the test
sample, and the bending test was conducted with a
centralized load, a three-point load method, at a uni-
form speed so that the test sample is destroyed from
0.5 to 5 minutes. Using equations (3, 4), the modulus

of elasticity (MOE) and the modulus of rupture (MOR)
Py
were calculated. In the MOE equation, A, was obtained

in the same manner as in the equation of Fig. 5.

3Pmaxl
MOR = Opmay = 52 3)

MOR: modulus of rupture (MPa)
Pnax : maximum load (N)

b : width of the test sample (mm)

h : height of the test sample(mm)

1 : horizontal span of the samples (mm)
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Py
4bh3A,

MOE = “4)

MOE: modulus of elasticity (GPa)
P, : Dif ference of load between upper limit and
lower limit in proportional limit (N)
Ay: Deflection in the center of the horizontal
span distance at P; (mm)

3. RESULTS and DISCUSSION

3.1. Compressive strength performance
evaluation of FTW

3.1.1. Compressive strength performance test

The average moisture content of the FTW was
9.25% for the juvenile wood and 8.89% for the mature
wood. In the case of NTW, they were 9.75% and
9.72%, respectively.

The longitudinal compressive strength and com-
pressive modulus of elasticity of FTW and NTW
were shown in Table 1. The average longitudinal
compressive strength of the FTWwas 61.27MPa in
the mature wood, which was 16% higher than that
of the juvenile wood. The longitudinal compressive
strength of NTW and the difference in strength of
each part (juvenile wood, mature wood) also showed
a similar tendency to that of FTW. The average lon-
gitudinal compressive modulus of elasticity was
4.70GPa in the juvenile wood of the FTW, which

was 29% lower than that of the mature wood. In ad-
dition, the mature wood of NTW was measured low-
er than that of the FTW, and the longitudinal com-
pressive modulus of elasticity of the juvenile wood
was slightly higher than that of the FTW, but the var-
iation in the value was measured to be large.
Contrary to the results of this study, Merela (2016)
reported that the strength performance of mature and
juvenile woods was measured similarly. Therefore, it
is believed that further research is needed to inves-
tigate the difference in compression performance of
each part of the Mongolian Oak wood.

In the linear regression analysis of longitudinal
compressive strength and longitudinal modulus of
elasticity of FTW, R>=0.374, as shown in Fig. 5, was
higher than the correlation coefficient of NTW.

3.1.2. Compression fracture shape

The compressive failure mode of the NTW were
splitting, shearing, wedge splitting, and brooming or
end rolling. Among those, shearing was most often ob-
served (52.4%), followed by splitting (15.0%), broom-
ing or end-rolling (6.5%), wedge splitting (3.3%), and
others (22.8%) (Fig. 6). However, in the main fracture
shape of the FTW, shearing compression fracture was
97.4%. Wangaard (1950) classified the compression
fracture shapes and reported that the shearing appeared

in the most common fracture shape.

Table 1. Comparison of Compressive Properties of Mature wood and Juvenile wood of Mongolian Oak with

the Fumigation Treatment

Fumigation Treated Woods
(FTW)

Non-Treated Woods
(NTW)

Juvenile wood  Mature wood Ave. Juvenile wood  Mature wood Ave.

Cost“;gflegstsﬁve 61.27 51.41 58.87 60.13 50.36 57.80

(6. MPa) (0.12) (0.15) (0.14) (0.16) (0.21) (0.19)
Compressive

modulus of 6.62 4.70 5.66 5.16 4.85 5.02

elasticity (0.06) (0.08) (0.18) (0.07) (0.21) (0.15)
(Ec, GPa)

*() : Coefficient of Variation
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Fig. 5. Relationship between Compressive strength (0,) and Compressive modulus of elasticity

(Ec) of FTW and NTW specimens.

Fig. 6. Failure mode of NTW and FTW compression strength specimen after tests
(a: Splitting, b: Wedge splitting, ¢: Brooming or end rolling, d: Shearing).

As a result of comparing the fracture shape of each
part, in the case of juvenile wood (J), splitting fracture
occurred in NTW, and shearing failure occurred in
FTW. In the mature wood (M), various fracture shapes
were shown in NTW, and shearing fracture mostly
occurred in the FTW.

3.2. Bending strength performance test of
fumigation treated wood

In order to find out the effect of fumigation treat-

ment on the bending strength, the bending perform-

ance of Mongolian oak wood was compared. The

average bending strength of the FTW was measured
to be 157.43MPa, which was 8% greater than that of
the NTW. Zhang (1995) studied the specific gravit y
and mechanical properties according to the growth
rate of distinct wood species and reported that the
bending strength of Mongolian oak was 122.2MPa.
Although the bending modulus of elasticity of FTW
was measured to be 16% decreased compared to that
of NTW, FTW showed 1.09 times bigger bending
modulus of elasticity compared to the bending mod-
ulus of elasticity of 15.08GPa suggested by Zhang
(1995), so it was thought that fumigation treatment
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Table 2. The Result of Bending Strength Performance Evaluation Test

Ave. Ave. Bend Strength Modulus of elasticity
Pinax Stiffness (MPa) (GPa)

(kN) (N/mm) Ref." Exp. Ref.”
145.79 19.47
Non-Treated Woods 2.78 567.57 (0.22) 0.20)

Fumigation Treated 157.43 1222 16.38 1508

umigation Treate . )

Woods 3.00 47769 (0.09) (0.15)

! Zhang (1995)

had no significant effect on the bending performance
of Mongolian oak (Table 2).

Therefore, it seems that the FTW can be used like
the NTW in terms of strength, and the variation co-
efficient of the FTW in strength performance is lower
than that of the NTW, indicating that the fluctuation
range of the FTW is less than that of the NTW.

4, CONCLUSION

In order to investigate the change in strength per-
formance of oak woods through fumigation treatment
of oak wilt disease, the strength performance of FTW

and NTW was compared.

1. FTW had a longitudinal compressive strength of
58.87MPa and a compressive modulus of elas-
ticity of 5.66GPa, which was similar to that of
the NTW, and the mature wood showed 16%
higher strength performance than the juvenile
wood.

2. In the case of the fracture shape patterns of
Mongolian oak by the compressive load, NTW
showed a variety of shapes, however, FTW gen-
erally showed shearing fracture shape.

3. Through the bending performance evaluation of
the fumigation treated Mongolian oak, the aver-
age bending strength was 157.43MPa, and the
average bending modulus of elasticity was

16.38GPa. It was confirmed that the fumigation

treatment method to prevent the spread of dam-
age from oak wilt disease did not affect the

strength performance of Mongolian oak.

It is believed that the use of Mongolian oak can
be applied to the fumigation treated wood based on
the strength property of FTW. However, additional
research will be needed to suggest sawing methods

and application fields for eco-friendly use.
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APPENDIX

(Korean Version)

25 YRS TAECREY sjeite W7]¢fs) 2 E5AE YN ol &t ESA O nE AR
w5} e B 7R e A5 Hall TSANEAY A5 Bde e SYslth ESAHEAE oF o7fd
7k YmH E (Metam-sodium) 2. F-35- %EIOWE} X“Jr—?*l: =o' TSAREA L 71 FUSY = 58.87 MPa, 5T *éﬁﬂ#
© 5.66 GPaZ Z4JE|glon] A& vt 3 Bk £3589 AsAR FEdee ]AﬁxﬂTEa} 16% © &
Arghs Bl iy s % JMBN" o FoR e AT E5A S A9 4 ﬂ% = A1 JMEW
& HYIth ESAREA 9] P2 15743 MPaz AR 8% 7| S4H T & B4 16.38 Ghazz AxIA s
16% WA ST ey ESA=EA ) fdedsAlol tgt MeAee AT W e s FskA

1LME

FHFe Sevet dx2dd SeFer 23, 23 9, Ao, A, e s ok JURR F AduR e
2 H5(0.78)F 7HA AL Qi A s thE EYggEet 76 ‘H—?*éﬂ T, Aol gt Aol Sink
(Bac, 2012; Jeong and Park, 2007). 12| T3] FAIA 717, 23, 719, Bk satal, B, sphek 5 Bajolga
4] Thabel Al AHEElo] Stk 4= AR B AURRIL A W8S 242%2 714 BT AR A§80] ETHThe
national atlas of Korea, 2016). A4 H#lo] 7pg & Fprfo tigh b A5 gee mid daste FAAT
A &A 0] gz oldf T & Ea4= F7bskal Stk Fig. 12 Statistical Yearbook of Forestry (2019)0]4 7142
HUR A58 wEas A 232 teRd Zlolth FE ASSHS djel BEAUREPlanpus koryoensis)o]
i shs W YK Raffaelea quercus-mongolicae)7Fe) ZA A8l o8| Wryslt). A7 E Z=2A), YA oA HE 2004 89S

Ao g maj7h Eole|glon ARl A 80017]9) Al ERlEar Qlrk bt AE3HE SA41Y] fEago] WalE
ol #43| aLAkske Faf7F AIFCHKIm ef al., 2009). T2 L& HHE 2|4 2 m 0|5k} =3hEel F-E 7R o uj7fF-<]
AelFo] wom Y AA R S EEo] Aol glo] LR = vk WAMHE FFHAIAA Y, A5A *}),
AEACA A, 994 FAEHY) 5ol §loH F E%%EE QT 1ARRE] &) gHitE W] 9jel] skl &
AelstAY &7t A2 Ee AFAE Ul A EAkste] mi7ls-& AAsH: Wle] ol & HKim er al, 2016). 1L F
HAESA 7 7P @ol 2tkSuh et al., 2010). H*Xﬂﬁixﬂ‘ﬂ“ﬁ & R AESEel dHd ‘%“E I m Zo]2 A&
& mgat]&(Metam-sodium) & 2 55kl HIH 2 Ygste] YA7|Z HAIske Wiolth WEtAaY -2 wiEE) H el

A 23} o] 7MY A2 Ee oAl F stuolil 5 Aol Yo Ao fafigt o]aAletetE(Methyl Isocyanate,
MIC)o] 1¢zte]gof 7]& o]t HEEHAY v|AZE o] BARH @A7IA] @ol 2o|aL §lth(Jeong et al., 2015).

A =5 A 3 A2 S4E oo} 27442 sto] Hpole AR R ANSH W Yol EFEY gl gt Akt
ARgE AAolth E N&A 02 WAehe IARRY] 25 A7t S7PETHE AR Y] E5-59] R 71 A0R oddTh
olof| me} TFES AR MR EA RN S8 4 %t Here] A7t st A4 AUFEAATE Hof A EY
24709 Agj7)7re] fAdsel W FEE 7IAA gong ARG STl HEHYUTHYun ef al., 2012). 1A
L 0471011*1“ 74%ZHE‘H AeA 28 7S ASstal Z1zHolHE St FUFAIESY gaiE w2 AduE

55 A= Aok

2, Mz 3 U

2.1. IAA=R
BUE A5 TEAURAS gAFES 2 Boleh 53, U 5 ofAlofo] 2 AMel AL Quercus
mongolica Fisch. Ex Ledeb)o|™, £54 2| =) (FTW: Fumigation treated woods)-> AFEEH AtAof| A oF 97§ L7t YnpA E
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(Metam-sodium) 2 Z5-4] 23} 5ic}. £5-5-2 F247%(1.2 m) HZMW 15 5E-S AAste] AFgstgitt 2959 Bt Aol
9875 em, B3t 473 1650 cmo| A%, WHAYELE 814%0I9ch. EF5E| Bt 717 vIFLE 0743 Fig. 2).

Z2E3 uwalr] 95t AHE(NTW: Non-treated woods)& A S-S H of ZHAE|x|oke B1 2o e NFY9E
FHANAA 28 MdEsto] A ADURE ARSI ﬁﬁ%fj 5w ooz HetZe] 100.00 cm, Fat2% 29.60
emO| AL AAEE] TS 78.6%0]1.on, Bt 7]7 v]F- 0.800|Girk. EFEI} vZIAR FAH(1.2 m) ol Al
BT ANPES ARG

2.2. A]t‘gtﬂ-l{]

22.1. ZFEASAE AJHAZE

B e RS s A8 FAE, U E AREE ARSI 459 AEAdeS ndsAet s Aol wket 2kl
HRAISH 3o AA= e A5 ~20 9F JeZ B 9t Green et al 1999). 4=H4T AlFHLS d5S
Fig. 33} Zo] nld=A7(), “’“ZHﬁM) Lol Aldg AFskeh AdEe] 27]= 20 mm (T) x 20 mm (R) x 30
mm (D)2 A28 Al HL WG aefste] 2 9&0] iﬂE}Ei Aoy#for RER 10745 ARt 1HE3).
= *1%1{18 20 mm (T) x 20 mm (R) x 300 mm (L)2 27 112fsto] E552] 4= AfES 7/l, A% |73

AFELE 40702 Aztskdc

ARE AFES 2= 25T, disE 65%9 F2F5dlA 15 o 2547 F Age AAsHT:

Hj

H
g HAY T S (KS F 2199:2016) of SASA. 20 mm x 20 mm x 30 mm AlRBZ AH5}]
FeazlolA gl EFBA A2 T BAS 2HSAL UL ol8alo] B 48 L
e/dse vlushy] et ndsAE %ﬁﬁi EA O] A (KS F 2206:2014)0f
3}3 Atk A=A E AFHLE T AE 7] (Instron, UK/5585)E ARE-316] 0.5 mm/min 2]
2)E o8t FUAFA=E(0,) E FUF THAF(E)E Fotich @A vETE

oc =P/A )
o¢: longitudinal compressive strength (MPa)
P: maximum load
A: Cross-sectional area

__ (APX])
C ™ (aixa)

@

E¢:longitudinal compressive modulus of elasticity (GPa)

AP: Difference of load between upper limit and lower limit
in proportional area(kN)

Al: Transformation corresponding to Ap (mm)

I: The length of the test sample (mm)

A: Cross — sectional area (mm?)

¥
ZE20] el Brjo] #7kw XFWH(KS F 2208:2014)0] o)A sk} w574 A13 7| (Instron, UK/5585)2 Z431%ch
%£0]9] 14 hQl 280 mmE 3}l A|FHO] 05 ~ SE ojjo]| utHE =2 FUT SR 37 54 ¢l
T4 AT e R FARE AT 4G, HE Ol*‘l Fof EedAI53(MOE, modulus of elasticity)2} 17 %=(MOR,

modulus of rupture) FoHSirE. BEAAR Aol 2+ Fig. 591 Ak Ba Fag
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3Pmaxl
MOR = Opmax = W (3)

MOR:modulus of rupture (MPa)
Pnax : maximum load (N)

b : width of the test sample (mm)

h : height of the test sample(mm)

1 : horizontal span of the samples (mm)

MOE = 1 )
4bh*A
MOE: modulus of elasticity (GPa)
P; : Dif ference of load between upper limit and
lower limit in proportional limit (N)
A;: Deflection in the center of the horizontal
span distance at P; (mm)
3. Zm g mE
3.1 559 4574= 45 37t
3L GFAE A AW
TSRS Wi I R S 025% A 850l AR ol s Wi 1 U

S

Table 18 £383 2459 FUSAES YHLAASE Uehdl Aolch £3E) B FUSEL 4200 49
6127 MPast n] 34 AT 16% 7] S4HcTh AHEY FAZAwe 2918 AEAo|u 447, A= $5E
YR AE R 2 SURRYAGL B3l o} 470 GPuR e 290 e i 29
AR E5ERr WA ST AsARe] SUSBAARE AEo] EFENT ot £9rout Zlo] g Holi
27 ZEIsich G ATk hqii Merela (2016)= AIZLFELE] Ao} ] a o] Aol vlsa 4=t
T R st w25 S AZue] Held IE45e] Aol el fig A7l Wat Ao AR,
£350) FUSAE} FAZGAARY A4 HFRANE 15 53} 2o R-03MUE A5 0] JaHAel B=0.0058

wrks £ vehge,

3.1.2. AP

AR ¢r=uty| AR &= (Splitting), A3 (Shearing), 418-%(Wedge splitting), E$+%13 (Brooming or end rolling)
o7 thoFstA WS 11 FollA] Aol 524%E 71 Wo| wEEgl o THF(15.0%), BUAR(6.5%), LT
(3.3%), 7IEH22.8%) 0.2 BAEUKFig. 6). Lejut 52| 22 HT|FAFe Aekd dEaa7h 97.4% uhyelolct.
Wangaard (1950) 57HIRAS ol RS 7 el b BarlA] ehdein m s

o1 wt g vlwgt A v AR 0) A A5 dE 0y, 552 A 927 AR SR M)elA
AREE TRt Y, TEEE Auaut gol WSt

3.2, TZEo 7w AL XY
BEAN BYwol AL G Yohry] gatol AApRE) WSS v

stk T2 HF FAEE 15743
MPa2 24590 o= 77 =R} 8% 37 Uepstth. Zhang (1995)& 14 4:%9] *é%‘%ﬂ o HlE et gd S

AFatgl o, AZuRe] P74 e 1222 MPa2 B 15k FetdAeE $550] AHERT} 16% 7148 o] =3
ARk Zhang (1995)0] AAat eI A 15.08 GPad} v et kE 74 1.094) ZA| S4=0] E5A )7t AlZUbRo] 245
2 9FL nAA g Aoz AEEH(Table 2).

uhetx] 58] ZEA]l SHoA AXEL} Zo] Bgo] /e AoR Kol FrAee T8 WAL Ay
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